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UNDERGROUND  WATER  IN  THE  VALLEYS  OF  UTAH 
LAKE  AND  JORDAN  RIVER.  UTAH. 


By  (i.    B.    RlCHARDAON. 


INTRODUCTION. 

• 

The  valleys  of  Utah  Lake  and  Jordan  River  are  situated  in  north-central  Utah,  in  the 
extreme  eastern  part  of  the  Great  Basin.  The  lofty  Wasateh  Range  (PI.  I),  the  western- 
most of  the  Rocky  Mountain  system,  limits  the  valleys  on  the  east,  and  relatively  low 
basin  ranges — the  Oquirrh,  Lake,  and  East  Tintic  mountains — determine  them  on  the 
west.  The  valleys  trend  north  and  south,  and  are  almost  separated  by  the  low  east-west 
Traverse  Range,  the  slopes  of  which  constitute  a  dam  for  Utah  Lake,  which  drains  through 
Jordan  River  to  Great  Salt  Lake. 

The  area  imder  consideration  is  the  most  populous  and  flourishing  part  of  the  State. 
Salt  Lake  City  and  Provo,  the  first  and  third  cities  in  the  State,  and  many  other  thriving 
settlements  are  there  located.  At  Bingham  Junction  and  Murray  a  number  of  smelters 
treat  the  ores  from  near-by  mines,  but  agriculture  is  the  main  industry.  Water  for  irriga- 
tion is  supplied  by  mountain  streams,  and  intensive  farming  is  successfully  pursued. 
The  practice  of  irrigation  was  begun  by  the  Mormon  pioneers  in  1847,  and  has  be«n  dis- 
cussed in  several  publications;  little  attention,  however,  has v been  given  to  the  under- 
ground water  resources,  and,  so  far  as  the  writer  is  aware,  they  have  not  before  been 
described.  The  present  paper  outlines  conditions  of  occurrence  of  the  subterranean 
waters  and  describes  their  development  in  the  valleys  of  Utah  Lake  and  Jordan  River. 

I 
TOPOGRAPHY  AND  DRAINAGE. 

I 

The  drainage  area  of  Utah  Lake  and  Jordan  River  is  approximately  3,900  square  miles,  I 

of  which  2,600  are  tributary  to  Utah  Lake  and  700  to  the  Jordan  north  of  the  Traverse  I 

Mountains  (PI.  II).    About  2,000  square  miles  of  the  watershed  are  in  the  Wasatch  j 

Mountains,  while  the  valleys  themselves  cover  a  little  less  than  1,000  square  miles.     Utah  i 

Lake  Valley  is  about  38  miles  long,  averages  15  miles  in  width,  and  occupies  about  560  ! 

square  miles,  including  Utah  Lake.    Jordan  Valley  is  approximately  28  miles  long,  15 
miles  wide,  and  comprises  420  square  miles.     These  valleys  in  late  geologic  time  wpre 
occupied  by  Lake  Bonneville,  the  Pleistocene  predecessor  of  Great  Salt  Lake,  and  to 
that  fact  is  due  their  characteristic  topography.    Almost  flat  unconsolidated  lake  sedi- 
ments underlie  the  broad  valleys,  the  borders  of  which  are  marked  by  a  unique  series  I 
of  terraces  that  characterize  the  shore  lines  of  the  old  lake.     Descriptive  details  of  these  j 
features  will  be  given  in  the  sections  devoted  to  geology  and  to  the  occurrence  of  under-  j 
ground  water. 

The  range  in  elevation  is  considerable.    The  present  level  of  Great  Salt  Lake  is  approxi- 
mately 4,210  feet  above  the  sea,  and  that  of  Utah  Lake  is  about  4,480  feet.    From  these  ' 
lowest  elevations  the  two  valleys  rise  to  their  outer  borders,  which  may  conveniently  be 
taken  as  the  highest  level  occupied  by  Lake  Bonneville,  at  approximately  the  5,200-foot  I 
contour,  above  which  the  Wasatch  Range  towers  up  to  12,000  feet.    The  mountains  on 
the  west  are  narrow  north-south  ranges  that  rise  abruptly  from  broad  vaUeys.    The  i 
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Oquirrh.  Mountains,  west  of  Jordan  River,  are  30  miles  long,  5  to  10  miles  wideband  their 
summits  rise  to  elevations  of  about  10,000  feet.  The  Lake  Mountains,  west  of  Utah 
Lake,  are  about  15  miles  long,  5  miles  wide,  and  3,000  feet  above  the  lake.  .They  are 
connected  by  low  hills  with  the  Oquirrh  Mountains  on  the  north  and  with  the  East  Tintic 
Mountains  on  the  south.  The  East  Tintic  Mountains  border  Utah  Lake  VaUey  on  the 
southwest,  rising  above  it  about  3,000  feet.  A  spur  from  these  mountains  extends  north- 
eastward, constituting  the  southern  border  of  Utah  Lake  Valley,  and  almost  unites  with 
the  Wasatch  Range.  The  steep  western  face  of  the  Wasatch  Mountains  rises  about  7,000 
feet  abruptly  above  the  broad  valley  and  constitutes  the  dominant  topographic  feature 
of  the  region.  To  the  east  the  range  slopes  away  graduaUy  in  a  series  of  broad  ridges 
and  narrow  valleys  to  the  mountainous  plateau  region.  The  western  scarp  is  deeply 
dissected  by  canyons,  through  which  the  entire  Wasatch  drainage  flows  to  Great  Salt 
Lake,  the  chief  streams  being  Bear,  Weber,  and  Jordan  rivers. 

Utah  Lake  is  a  body  of  shallow  water  about  21  miles  long  and  7  miles  wide  (PI.  Ill,  A), 
covering  a  maximum  area  of  93,000  acres.  Its  depth  over  much  of  its  extent  is  only  8 
feet  or  less,  and  the  maximum  depth  in  the  main  body  of  the  lake  is  about  13  feet.  In 
its  northwestern  part,  however,  recent  soundings  have  revealed  the  presence  of  several 
deep  holes,  due  to  springs  (p.  49).  The  shore  line  of  the  lake  is  subject  to  considerable 
variation,  owing  to  the  changing  relations  of  evaporation,  precipitation,  and  inflow,  and 
the  margins  are  characteristically  swampy.  Two  large,  shaUow  bays  extend  eastward 
and  southward  from  the  main  body  of  the  lake,  one  south  of  Provo  and  the  other  north 
of  Groshen.  West  of  the  lake  the  Pelican  Hills  approach  close  to  the  shore,  and  the  region 
is  barren,  but  on  the  north,  east,  and  south  the  land  rises  gently  toward  the  base  of  the 
mountains  and  is  dotted  with  flourishing  settlements  which  are  supported  by  irrigation. 

The  principal  streams  tributary  to  Utah  Lake,  beginning  at  the  north  and  proceeding 
southward,  are:  Dry,  American  Fork,  Battle,  and  Grove  creeks,  Provo  River,  Hobble 
Creek,  Spanish  Fork,  and  Peteeneet,  Santaquin,  and  Currant  creeks.  Of  these,  Provo 
River  is  the  largest,  being  approximately  70  miles  long  and  having  a  drainage  area  of  640 
square  miles.  It  rises  in  the  Uinta  Mountains  near  the  sources  of  Weber,  Bear,  and 
Du  Chesne  rivers,  flows  westward  and  southward  through  Kamas  and  Provo  valleys,  and 
passes  through  the  Wasatch  Mountains  in  a  deep  canyon.  On  entering  Utah  Lake  Valley 
Provo  River  flows  almost  due  south  for  5  miles,  skirting  the  great  Provo  delta,  and  thence 
westward,  entering  Utah  Lake  about  3  miles  west  of  Provo. 

Spanish  Fork  has  a  watershed  about  equal  to  that  of  Provo  River,  but  not  so  great 
a  discharge.  It  rises  near  Soldier  Summit,  and,  after  receiving  two  main  tributaries. 
North  and  Thistle  creeks,  flows  in  a  canyon  through  the  main  ridge  of  the  Wasatch  Moun- 
tains and  enters  Utah  Lake  Valley  at  the  head  of  the  large  embayment  that  extends  between 
Payson  and  Springville. 

Salt  Creek  rises  in  the  southern  Wasatch  Mountains,  on  the  eastern  slope  of  Mount  Nebo, 
and,  after  crossing  the  border  of  the  plateau  region,  emerges  into  the  broad  valley  at  the 
southwestern  base  of  the  Wasatch  Mountains  where,  in  summer,  it  ceases  to  flow  at  the 
surface.  The  drainage  way  continues,  in  a  narrow  canyon,  through  Long  Ridge  which  par- 
tially connects  the  East  Tintic  and  the  Wasatch  mountains,  and  enters  the  southern  end 
of  Utah  Lake  in  Goshen  Valley,  where  the  stream,  which  is  fed  largely  by  seepage,  is  known 
as  Currant  Creek. 

The  other  tributaries  of  Utah  Lake  are.  relatively  small.  The  chief  ones  rise  in  the 
Wasatch  Mountains  and  occupy  canyons  in  their  mountain  courses,  where  they  maintain 
pereimial  flows.  At  the  moutlis  of  the  canyons  canals  divert  the  water  and  distribute  it 
over  the  valley,  so  that  in  the  irrigation  season  practically  all  of  the  available  supply  is 
thus  used  and  the  beds  of  the  streams  in  Utah  Lake  Valley  are  commonly  dry;  but  in  the 
late  spring  and  early  summer,  during  the  period  of  melting  snow,  large  volumes  are  dis- 
charged directly  into  the  lake. 

Jordan  River  heads  at  the  northern  end  of  Utah  Lake  and  flows  northward  in  a  meandei^ 
ing  course  of  about  40  miles  to  Great  Salt  Lake.     For  the  first  5  miles  the  river  flows  slug- 
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gishly  in  a  broad  yalley,  and  in  that  distance  falls  only  about  10  feet.  In  the  "  narrows/' 
however,  the  river  occupies  a  constricted  channel  and  descends  rapidly;  in  the  firet  mile 
below  the  intake  of  the  canals  its  fall  amounts  tx)  about  70  ftet.  Below  the  ''  narrows  "  the 
valley  spreads  out  and  at  its  greatest  width  is  about  18  miles  wide.  The  country  rises  gradu- 
ally toward  the  adjacent  highlands  to  the  base  of  the  terraces  that  mark  the  shore  lines  of 
Like  Bonneville,  whence  the  ascent  is  by  successive  steps.  Between  Salt  Lake  City  and 
Great  Salt  Lake  the  topography  is  almost  flat,  and  a  numlier  of  small  lakts  of  shifting  out- 
line occupy  local  depressions.  As  the  shore  of  Great  Salt  Lake  is  approached  there  is  a 
faint  slope  of  the  surface  which  becomes  increasingly  marshy.  This  area  west  of  Salt  Lake 
City  in  general  is  barren  and  desolate  and  the  surface  in  many  places  is  white  with  alkali. 
On  the  uplands,  away  from  the  lake,  alkali  is  scarce,  but  the  wcstt^m  part  of  the  valley, 
because  of  the  lack  of  water,  suffers  in  comparison  with  the  cultivated  eastern  part,  which 
is  supplied  by  streams  from  the  Wasatch  Mountains. 

North  of  the  Traverse  Mountains  the  principal  tributaries  of  Jordan  River  are  City,  Red 
Butte,  Emigration,  Parleys,  Mill,  Big  Cottonwood,  Little  Cottonwood,  Dry  Cottonwood,  and 
Willow  creeks,  all  of  which  issue  from  the  Wasatch.  In  their  mountain  courses  these  creeks 
generally  occupy  narrow  canyons  from  which  they  emerge  on  the  lowlands  and  flow  in  broad 
open  valleys  to  the  Jordan.  Within  the  mountains  they  are  all  perennial  streams,  but  at 
the  mouths  of  the  canyons  their  flow  is  laigely  diverted  by  irrigation  ditches,  so  that,  in  the 
dryest  part  of  the  year,  their  lower  courses  are  generally  dry.  They  rise  in  the  main  crest 
of  the  Wasatch  and  have  small  watersheds,  Big  Cottonwood  Creek,  draining  about  48  square 
miles,  being  the  largest.  This  stream  rises  at  ithe  base  of  Clayton  Peak,  is  fed  by  a  number 
of  small  lakes,  and  discharges  a  considerable  quantity  of  water  through  a  narrow  canyon 
(P1.IV,B). 

The  vegetation  is  scanty.  The  valleys  in  their  natural  state  are  occupied  by  sagebrush, 
greasewood,  and  kindred  desert  plants,  but  wherever  water  is  available  there  is  a  marked 
contrast,  and  the  irrigated  areas  of  these  valleys  rival  in  productiveness  any  in  the  country. 
Sugar  beets  are  grown  in  quantity;  alfalfa,  potatoes,  com,  etc.,  are  common  crops;  and  on 
the  bench  lands  a  variety  of  fruits  are  successfully  cultivated.  The  mountains  on  the 
western  border  are  generally  barren;  sagebrush  and  occasional  cacti  are  the  chief  growths 
on  the  slopes,  while  scrub  oak  and  stunted  spruce  and  pine  here  and  there  grow  in 
patches;  the  summits  are  usually  bare.  The  Wasatch  Mountains  are  more  favored,  but 
they  do  not  support  a  heavy  growth  of  trees.  At  the  heads  of  the  vallejrs  scattering 
pine,  juniper,  mountain  mahogany,  and  quaking  aspen  lociedly  occur,  and  cotton  wood,  birch, 
and  maple  are  often  found  near  the  stream  beds..  The  slopes  are  conunonly  covered  with 
underbrush  in  vaiying  degrees  of  thickness,  sagebrush  and  scrub  oak  being  prominent. 

GEOLOGY. 

LITERATURE. 

This  area  has  been  studied  by  prominent  geologists  and  has  inspired  some  classic  works 
onAmeri<»n  geology.  King,  Enmions,  and  Hague  of  the  Fortieth  Parallel  Sur\'ey  a  inter- 
preted the  main  features  of  the  region,  and  Gilbert  made  it  famous  by  his  investigation  of 
Lake  Bonneville,  b  But  although  this  interesting  region  lies  contiguous  to  one  of  the  main 
transcontinental  routes  and  has  been  visited  by  many  geologists,  yet  comparatively  little 
detailed  work  has  been  done  in  it.  Walcottc  has  studied  the  Big  Cottonwood  Cambrian 
section,  G.  O.  Smith  and  G.  W.  Towered  have  examined  the  Tintic  district,  J.  E.  Spurr^  has 


aKing,  Clarence,  Systematic  geology:  Kept.  Oeol.  Explor.  40th  Par.,  vol.  ],  1872;  Hague,  Arnold,  and 
EmmoDfl,  S.  F.,  Descriptive  geology:  Ibid.,  vol.  2,  1877. 

*  Gilbert.  O.  K.,  Lake  BonneviUe:  Mon.  U.  S.  Geol.  Survey,  vol.  1, 1890. 

e  Waloott,  C.  D.,  BuU.  U.  8.  Geol.  Survey  No.  30, 1886,  p.  38. 

'Tower,  O.  W.,  and  Smith,  O.  O.,  Geology  and  mining  industry  of  the  Tintic  district,  Utah:  Nine- 
teenth Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3, 1898,  p.  601. 

'Spurr,  J.  E.,  Economic  geology  of  the  Mercur  mining  district,  Utah.  Sixteenth  Ann.  Rept.  U.  S. 
Oeol.  Sanrey.  pt.  2, 1805,  p.  343. 


8 


UNDERGROUND    WATER   IN    VALLEYS    OF   UTAH. 


reported  on  the  Mercur  mines,  and,  more  recently,  woric  has  been  carried  on  in  the  Park 
City  and  Bingham  mining  districts  by  J.  M.  Boutwell.a  The  following  sketch  is  m&inljf 
compiled  from  these  reports. 


DESCRIPTIVE  GEOLOGY  OF  THE  HIGHLANDS. 

The  Wasatch  Mountains  are  composed  of  a  complex  mass  of  sedimentary,  igneous,  and 
metamorphic  rocks  that  have  been  much  folded  and  faulted.  In  age  the  rocks  range  from 
pre-Oambrian  to  Tertiary  and  constitute  a  thickness  of  about  50,000  feet.  The  following 
table  shows  in  epitome  the  main  Paleozoic  divisions  according  to  the  Fortieth  Parallel 
Survey: 

Paleozoic  section  in  the  Wasatch  Mountains, 


System. 

Formation. 

Average 
thickness. 

Upper  Carboniferous  limestone  (including  Permian) 

Feet. 
2, 500  to  3,000 

Carboniferous 

Weber  quartzites  with  a  few  thin  beds  of  limestone 

5,000  to  7,000 

Wasatch  limestone 

7,000 

Devonian 

Ogden  quartzite 

1,000  to  1,250 

Silurian 

Ute  limestone 

1,000  to  1.2S0 

Cambrian 

Big  Cottonwood  quartzite  series  (clay  slates  at  top) 

12,000 

30.000 

The  present  mountains  are  the  eastern  part  of  a  greater  mass  of  rocks,  the  Wasatch 
Range  having  b?en  raised  by  faulting  several  thousand  feet  higher  than  the  western  part 
of  this  mass,  which  now  lies  buned  beneath  the  valley  deposits.  This  great  fault  is  the 
dominant  structural  feature  of  the  region.  The  range  rises  abruptly  7,000  feet  above  the 
wide  lowland  at  its  bas?,  where  the  streams,  which  in  their  mountain  courses  occupy  deep- 
cut  narrow  gorges,  flow  in  wide  valleys.  The  fault  cuts  across  the  range  regardless  of  the 
structure  of  the  rocks,  and  the  truncated  mountain  bases  abut  against  the  plain  in  marked 
alignment. 

Beginning  at  the  north  and  proceeding  southward  the  following  features  may  be  noted: 
The  spur  that  juts  out  from  the  Wasatch  Mountains  north  of  Salt  Lake  City  marks  the 
southern  boundary  of  a  series  of  pre-Cambrian  rocks  that  constitute  the  crest  and  western 
flanks  of  the  mountains  to  the  northwest,  almost  as  far  as  Ogden.  These  rocks  for  the 
most  part  consist  of  gneisses  and  mica-schists,  c^onsidered  to  be  of  sedimentary  origin,  with 
which  are  associated  quartzites,  slates,  and  some  igneous  rocks.  In  general  the  strike  is 
N.  20°  W.,  and  the  prevailing  dip  is  westerly  at  angles  ranging  from  15°  to  20°.  A  great 
thickness  of  coarse  Tertiary  conglomerate  lies  high  up  on  the  northeastern  flanks  of  the 
range,  but  at  the  southeastern  end  of  the  crystalline  area  Paleozoic  sediments  abut  against 
the  older  series  and  dip  southeastward. 

An  outlying  mass  of  nearly  horizontal  coarse  Tertiary  conglomerate,  composed  chiefly  of 
pebbles  of  limestone  and  quartzite,  caps  the  spur  of  the  mountains  north  of  Salt  Lake  City 
and  conceals  the  older  sediments  except  along  the  we>stem  base  of  the  spur,  where  the 
Wasatch  limestone  outcrops.  A  small  isolated  body  of  volcanic  rock  outcrops  in  the  midst 
of  the  Tertiary  area  and  is  bisected  by  City  Creek.  The  headwaters  and  upper  course  of 
City  Creek  lie  in  Paleozoic  rocks,  chiefly  in  the  Weber  quartzite  and  Wasatch  limestone, 
which  dip  southeastward  at  angles  varying  from  30°  to  65°.  Across  the  divide  a  large  area 
of  flat-lying  Tertiary  rocks  cap  the  disturbed  Paleozoic  series. 


•  Bcutwell,  J.  M.  Progress  reports  Park  City  mining  district :  Bull.  U.  S.  Geol.  Survey  No.  213, 1008, 
pp.  31-40;  No.  225,  1904,  pp.  141-150;  No.  260,  1905,  pp.  150-153.  Economic  geology  Bingham  mining 
district:  Prof.  Paper  U.  S.  Oeol.  Survey  No.  38, 1005  (with  a  section  on  areal  geology  by  Arthur  Keith 
and  an  introduction  on  general  geology  by  8.  F.  Emmons). 
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Between  City  and  Big  Cottonwood  creeks  the  summit  and  western  face  of  the  mountains 
are  occupied  by  an  immense  syncline  striking  nearly  east  and  west.  Its  western  end  is 
terminated  by  the  Wasatch  fault,  which  cuts  directly  across  the  fold  and  exposes  the  struc- 
ture so  that  it  can  be  plainly  seen  from  Jordan  Valley.  The  axis  of  the  syncline  coincides 
approximately  with  the  course  of  Emigration  Creek.  In  detail,  however,  the  structure  is 
complicated  by  a  number  of  relatively  minor  disturbances. 

East  of  Salt  Lake  City  upper  Carboniferous  and  Permian  strata,  consisting  chiefly  of  lime- 
stone, outcrop  between  City  and  Red  Butte  creeks,  and  dip  southward,  forming  the  northern 
limb  of  the  syncline.  Red  Butte  Canyon  lies  in  Permo-Carboniferous  rocks,  but  near  the 
mouth  of  the  canyon  ''Red  Beds"  outcrop  and  continue  along  its  southern  divide.  The 
"Red  Beds"  consist  chiefly  of  red  shales  and  sandstones,  aggregating  over  1,000  feet  in 
thickness  and  are  overlain  by  thin-bedded,  argillaceous  limestones  and  shales  of  Jurassic 
age.  These  rocks  occupy  the  center  of  the  syncline,  and  outcrop  in  the  valley  of  Emigration 
Creek. 

South  of  Emigration  Creek  the  summit  and  western  face  of  the  Wasatch  Mountains  are 
occupied  by  the  southern  limb  of  the  syncline  as  far  as  Big  Cottonwood  Creek,  and  the 
succession  of  rocks  mentioned  above  is  repeated  in  revenie  order.  The  dips  generally  are 
northward,  but  ther^  are  minor  folds  and  faults. 

Parleys  Ctieek  rises  in  the  Cretaceous  sandstone  and  conglomerate  that,  cast  of  the  main 
Wasatch  ridge,  lie  unconformably  upon  the  older  rocks.  Aft?r  traversing  this  area  it  crosses 
a  narrow  belt  of  Red  Beds  and,  for  5  miles  above  the  mouth  of  its  canyon,  flows  over  calcare- 
ous and  argillaceous  Permo^arboniferous  rocks.  Carboniferous  strata  occupy  the  divide 
between  Parleys  and  Mill  creeks,  the  latter  of  which  flows  for  the  greater  part  of  its  length 
in  the  Weber  quartzites. 

Between  Mill  and  Big  Cottonwood  creeks  the  lower  Paleozoic  rocks  outcrop.  Big  Cotton- 
wood Creek  exposes  for  6  miles  above  the  mouth  of  its  canyon  a  great  thickness  of  Cambrian 
strata,  consisting  of  silicdous  slates  and  quartzites;  in  tho  upper  part  of  its  course  this  creek 
crosses  the  Weber  quartzito  and  Wasatch  limestone,  and  heads  in  the  crystalline  rocks  of 
Clayton  Peak.  Little  is  known  of  the  occurrenc:^  of  Silurian  and  Devonian  sediments  in 
this  area.  Their  presence  was  recorded  by  the  early  surveys,  but  the  little  detailed  work 
that  has  boen  done  shows  that  in  a  few  localities  at  least  these  systems  do  not  appear  to  be 
represented  by  sediments. 

Little  Cottonwood  Creek  for  about  8  miles  from  the  mouth  of  its  canyon  flows  through  a 
crystalline  area,  and  heads  in  Paleozoic  strata  and  igneous  rocks  at  the  foot  of  Clayton 
Peak.  The  western  base  of  the  mountains  extending  north  and  south  of  Little  Cottonwood 
Creek  is  occupied  by  a  belt  of  schistose  rocks  about  10  miles  long  and  averaging  perhaps  1 
mile  in  width.  These  rocks  are  of  pre-Cambrian  age  and  are  over  a  thousand  feet  thick. 
They  consist  largely  of  quaitzite,  but  include  also  slates  and  mica-schists,  having  an  appar- 
ent steep  western  dip.  i7p  Ldttle  Cottonwood  Creek,  beyond  the  pre-Cambrian  area,  lies 
a  large  body  of  granitic  rocks,  which  forms  high  peaks  north  and  south  of  the  creek,  and 
through  which  the  stream  flows  for  the  greater  part  of  its  cours;^.  The  Paleozoic  sediments 
arch  around  this  granitic  area,  dipping  away  from  it  to  the  north,  east,  and  south,  forming 
a  dome  the  western  part  of  which  has  boen  cut  off  by  the  Wasatch  fault. 

l^e  age  of  the  "Little  Cottonwood  granite "  has  been  the  subject  of  some  discussion.  It 
clearly  cuts  the  prc-Cambrian  rocks  at  the  mouth  of  the  canyon,  but  its  relation  to  the 
Cambrian  was  not  definitely  determined  by  the  early  surveys,  though  the  granite  was 
thought  to  be  of  pr^-Cambrian  age.  Recently,  however,  it  has  bsen  shown  a  that  the 
"granite"  is  an  intrusive  mass  that  cuts  the  Cambrian  quartzit?,  though  the  age  of  the 
intrusion  is  not  yet  known. 

Partial  topographic  connection  between  the  Wasatch  and  Oquirrh  ranges  is  maintained 
by  the  Traverse  Mountains  near  ths  head  of  Jordan  Valley,  but  this  connection  furnishes 
little  information  concerning  the  relations  of  the  two  main  mountain  masses,  because  the 

a  Emmons,  S.  F.,  Am.  Jour.  Scl.,  4th  sot.,  vol.  10,  August,  19()3,  p.  139. 
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Traverse  Mountains  arc  laigely  composed  of  younger  lavas,  which  conceal  the  rocks  upon 
which  .they  lie. 

In  the  "  narrows  **  where  Jordan  River  flows  through  the  Traverse  Mountains,  practically 
horizontal  Pleistocene  gravels,  which  form  the  great  embankment  at  the  point  of  the 
mountain,  are  unconformably  underlain  near  the  river  level  by  fine-textured  sediments 
that  dip  southeastward  at  an  angle  of  40®.  The  lower  part  of  these  sediments  consists  of 
light  calcareous  clay  and  the  upper  part  of  fine  sand  and  gravel.  No  fossils  were  found,  but 
the  marked  unconformity  and  the  character  of  the  material  suggest  that  the  age  of  the 
lower  deposits  is  Tertiary. 

E^t  of  Utah  Lake  the  great  Wasatch  fault  is  impressively  shown  by  the  remarkable 
alignment  of  the  base  of  the  mountains  extending  from  Spanish  Fork  Canyon  to  the  Trav- 
erse Mountains  in  an  approximately  straight  line,  and  by  the  abrupt  rise  of  the  mountains 
above  the  broad  valley.  Second  and  third  lines  of  faulting,  lying  parallel  to  the  main  fault 
and  east  of  it,  are  suggested  by  the  topography,  which  rises  steplike,  with  two  intervening 
treads  between  the  ascents,  to  the  top  of  the  main  ridge,  and  by  the  unusual  thickness  of 
limestone  exposed,  which  apparently  requires  repetition  by  faulting  for  the  explanation  of 
its  occurrence. 

In  this  part  of  the  range  a  disturbed  belt  of  rocks  with  prevailing  steep  westerly  dips 
occurs  along  the  western  base  of  the  mountains,  beyond  which  the  strata  dip  eastward  at 
low  angles  and  the  summits  of  the  main  ridge  are  capped  by  limestone  lying  almost  flat. 
The  streams  that  cross  the  mountains,  therefore,  flow  transversely  to  the  strike  of  the  rocks, 
in  marked  contrast  to  the  creeks  farther  north,  whose  courses  lie  approximately  parallel  to 
the  strike. 

Excellent  sections  can  be  measured  along  the  canyons,  but  very  little  detailed  work 
has  yet  been  done.  The  rocks  in  general  are  quartzite  and  limestone  of  Carboniferous  age, 
but  locally  Cambrian  sediments  also  occur.  In  Rock  Creek  Canyon,  east  of  Provo,  in  the 
lower  end  of  the  gorge,  the  rocks  are  much  disturbed  and  are  complexly  folded.  Here  a 
considerable  thickness  of  white  quartzite  outcrops,  overlain  by  a  great  mass  of  limestone. 
In  a  thin  bed  near  the  base  of  the  limestone  O.  H.  Girty  obtained  a  few  Cambrian  fossils, 
and  about  600  feet  above,  in  massive  gray  limestone,  the  beds  being  apparently  conformable, 
he  found  Lower  Carboniferous  fossils. 

South  of  Hobble  Creek  easterly  dips  prevail  from  the  base  of  the  mountains  as  far  as 
Spanish  Fork,  beyond  which  the  range  has  been  very  little  studied.  It  trends  southwest- 
ward  and  terminates  at  Mount  Nebo,  the  main  mass  of  which  is  composed  of  steeply  west- 
dipping  limestone  and  subordinate  quartzite  of  upper  Carboniferous  age.  The  highland 
farther  south  consists  of  a  series  of  plateaus,  which  are  underlain  by  low-lying  Mesozoic  and 
Tertiary  rocks. 

The  highlands  that  border  the  valleys  of  Jordan  River  and  Utah  Lake  on  the  west  are  for 
the  most  part  composed  of  the  same  rocks  that  occur  in  the  Wasatch  Mountains,  but  the 
structural  relations  are  completely  hidden  by  the  deep  filling  of  the  intervening  valleys. 

The  Oquirrh  Range  is  composed  mainly  of  Carboniferous  limestones  and  quartzites, 
which,  in  the  southern  part  of  the  mountains,  are  folded  into  two  parallel  anticlines  with  an 
intervening  syncline.  The  axes  of  folding  are  obliquely  transverse  to  the  topography,  the 
range  extending  in  a  north-south  direction  while  the  structural  trend  is  northwestward. 
The  structure  of  the  northern  part  of  the  mountains  is  little  known,  but  the  range  is  proba- 
bly terminated  by  a  fault.  Rocks  of  Cambrian  age  are  exposed  locally  by  a  fault  in  the 
vicinity  of  Mercur,  and  igneous  rocks,  both  extrusive  and  intrusive,  also  occur.  The 
intrusive  rocks  include  both  acidic  and  basic  porphyries,  which  are  conspicuous  in  the 
vicinity  of  the  mining  camps  of  Bingham  and  Mercur;  the  extrusive  rocks,  largely  andes- 
itic,  occur  principally  along  the  eastern  base  of  the  range  and  in  the  Traverse  Mountains. 

The  Lake  Mountains,  or  Pelican  Hills,  west  of  Utah  Lake,  are  composed  of  Carbonif- 
erous limestones  and  quartzites  which  constitute  a  low  syncJinal  fold,  and  are  separated 
from  the  Traverse  Mountains  by  a  narrow  strip  of  Pleistocene  deposits.     A  line  of  hills, 
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composed  chiefly  of  west-dipping  limestone,  separate  the  Lake  Mountains  from  the  East 
Tintic  Range — the  succeeding  highland  mass  to  the  south.  The  northern  end  of  these 
hills  is  capped  by  horizontal  basalt  with  which  light  pumiceous  tuff  is  associated. 

The  East  Tintic  Range,  a  complex  mass  of  sedimentary  and  igneous  rocks,  forms  the 
southwestern  border  of  Utah  Lake  basin.  As  in  Rock  Canyon,  the  sediments  consist  of 
Cambrian  quartzite  and  Carboniferous  limestone  in  juxtaposition,  indicating  the  absence 
of  the  Ordovician,  Silurian,  and  Devonian.  The  main  structure  of  the  sedimentary  rocks  is 
synclinal,  but  these  constitute  a  relatively  small  part  of  the  outcrops,  igneous  rocks,  rhyo- 
lite,  andesite,  monzonite,  and  basalt  occupying  most  of  the  region.  These  are  of  both 
extrusive  and  intrusive  origin,  and  are  of  Tertiary  age.  The  low  spur  of  the  Tintic  Moun- 
tains known  as  Long  Ridge,  which  lies  south  of  Goshen  and  connects  with  the  Wasatch — save 
for  a  narrow  Pleistocene  strip  south  of  Santaquin — consists  of  andesite  in  its  southern  part, 
while  southeast-dipping  Carboniferous  limestones  outcrop  in  the  gorge  of  Currant  Creek. 

LATB  GEOLOGIC  HISTORY. 

The  above  r^sum^  implies  for  this  region  a  complex  geologic  history  which  need  not  here 
be  discussed.  A  statement  of  late  geologic  events  will,  however,  add  to  a  clearer  under- 
standing of  the  valley  deposits  in  which  the  underground  water  is  stored. 

TIBTIAKT  HISTORY. 

After  many  thousands  of  feet  of  sediments  had  accumulated  in  Paleozoic  and  Mesozoic 
time,  during  which  the  general  region  was  occupied  by  oceanic  waters,  profound  continental 
uplift  occured  in  early  Tertiary  time.  Since  then  the  ocean  has  not  invaded  the  interior  of 
the  continent  and  during  Tertrary  time  much  of  the  Cordilleran  region  is  believed  to  have 
been  occupied  by  a  number  of  lakes  in  which  a  considerable  thickness  of  rocks  accumulated. 
During  the  Ekicene,  according  to  the  geologists  of  the  Fortieth  Parallel  Survey,  a  great  fresh- 
water lake  occupied  the  Wasatch  Mountain  area,  and  toward  the  close  of  this  epoch  the 
mountains  were  finally  uplifted  and  the  relative  depression  of  the  Great  Basin  originated. 
The  late  Tertiary  witnessed  the  formation  of  several  lakes  whose  positions  were  determined 
by  different  crustal  movements,  and  these  lakes  persisted  with  varying  relations  into  the 
Pleistocene  epoch.  The  end  of  Tertiary  time  was  marked  by  further  earth  movements  that 
divided  the  Great  Basin  area  into  two  main  depressions,  following  the  bases  of  the  recently 
uplifted  Wasatch  Mountains  and  the  Sierra  Nevada.  In  Quaternary  time  the  bordering 
mountains  were  occupied  by  glaciers,  and  enormous  lakes  accumulated  in  the  jnarginal 
depressions  of  the  Great  Basin.  The  two  largest  of  these  have  been  named  after  early 
expkiretB.  Lake  Lahontan  covered  an  immense  area  in  western  Nevada  and  Lake  Bonne- 
ville occupied  a  considerable  part  of  western  Utah  and  extended  into  adjacent  parts  of 
Nevada  and  Idaho. 

QVATXBVASY  HI6T0XY. 

The  existence  of  Lake  BonneviUe  is  borne  witness  to  by  a  number  and  variety  of  facts, 
chief  of  which  are  the  remains  of  shore  lines  and  shore  deposits,  and  the  great  thickness  of 
sediments  that  accumulated  in  the  lake  and  that  now  constitute  the  valley  floor.  At  its 
greatest  extent  the  water  of  Lake  Bonneville  was  approximately  1,000  feet  above  the 
present  surface  of  Great  Salt  Lake.  This  large  body  of  water  abutted  against  the  adjacent 
highlands  and  the  outline  of  the  lake  was  intricate.  Deep  bays  and  jutting  promontories 
marked  the  shores,  and  lone  mountains,  partly  submerged,  stood  out  as  islands. 

The  area  considered  in  this  report  formed  part  of  one  of  these  bays.    This — 

was  divided  by  a  close  stricture  into  an  outer  bay  and  an  inner,  tbe  outer  covering  tbe  valley  of  the 
Jordan  River  and  tbe  inner  spreading  over  Cedar,  Utah,  and  Ooshen  valleys  and  a  part  of  JUab  Valley. 
In  tbe  inner  bay  tlie  Ooshen  Hills  made  two  islands,  and  the  Pelican  Hills  constituted  one  large 
and  several  small  islands.  Small  estuaries  occupied  Emigration  and  Little  Cottonwood  canyons, 
oonneeting  with  the  outer  bay,  and  the  inner  bay  sent  an  estuary  into  Prove  Canyon .« 


a  OUbert,  Q.  K.,  Lake  Bonneville:  Mon.  U.  8.  QeoL  Survey,  voL  1, 1890,  p.  108. 
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During  the  existence  of  Lake  Bonneville  sedimentation  was  practically  continuous  in  its 
lowest  depression,  but  toward  the  periphery  oscillations  of  the  water  level  alternately  cov- 
ered the  lake  deposits  and  exposed  them  to  subaerial  influences.  Evidence  of  the  earliest 
Pleistocene  history  of  the  Bonneville  region  is  furnished  by  alluvial  cones  that  extend  nearly 
to  the  bottom  of  the  basin.  These  are  composed  of  detritus  derived  from  the  adjacent 
highlands  under  subaerial  conditions  and  could  not  have  been  accumulated  when  the  level 
of  the  lake  was  high.  It  is  therefore  concluded  that  at  this  early  period  in  the  history  of 
the  lake  comparatively  arid  conditions  prevailed,  for  the  stage  of  a  lake  in  a  closed  basin  Is 
determined  by  the  relation  of  evaporation  to  water  supply.  It  has  also  been  determined 
that  at  this  period  of  the  history  of  the  lake  it  had  no  outlet  and  that  the  time  of  duration 
of  low  water  was  relatively  long. 

Next  succeeded  a  period  of  high  water,  when  yellow  clay,  locally  streaked  with  sand, 
was  deposited  in  a  large  part  of  the  lake.  The  base  of  the  yellow  clay  has  not  l)een  observed 
and  good  sections  are  rare,  though  an  exposure  150  feet  thick  has  been  measured.  The 
deposit  locally  extends  to  within  120  feet  of  the  highest  level  attained  by  Lake  Bonneville, 
but  a  study  of  the  shore  line  shows  that  during  the  deposition  of  the  yellow  clay  the  water 
did  not  rise  to  the  rim  of  the  basin.  In  the  lower  part  of  the  basin  the  yellow  clay  is 
unconformably  overlain  by  a  deposit  of  white  marl,  local  streaks  of  alluvium  occurring 
at  the  contact.  The  white  marl  is  composed  of  a  fine  calcareous  clay  consisting  of  calcium 
and  magnesium  carbonates,  microscopic  siliceous  organic  remains,  and  fine  clastic  debris. 

These  facts  imply  (1)  that  after  the  deposition  of  the  yellow  clay  the  lake  water  8ul>- 
sided,  (2)  that  the  clay  was  eroded,  and  (3)  that  a  second  period  of  high  water  subsequently 
ensued  when  the  white  marl  was  deposited.  The  extent  to  which  the  waters  subsided  is 
undetermined,  but  the  possibility  of  complete  desiccation  is  suggested  by  the  difference 
in  character  between  the  yellow  clay  and  white  marl.  The  extent  of  the  second  pc^riod  of 
high  water  is  determined  by  the  highest  shore  line  traceable  along  the  adjac^ent  mountain 
flanks.  This  level  is  approximately  1,000  feet  above  Great  Salt  Lake  and  is  known  as  the 
Bonneville  shore  line.  The  lake  then  outflowed  through  Cache  Valley  into  the  Snake 
River  basin. 

The  Bonneville  shore  line  marks  the  highest  st^e  of  Lake  Bonneville  and  the  level  of 
its  initial  outflow.  Beneath  this  level  the  drainage  channel  was  cut  down  by  the  outflow 
of  the  lake  to  a  depth  of  approximately  375  feet.  That  the  lake  maintained  its  level  at  the 
stage  of  lowest  outflow  for  a  relatively  long  time  is  attested  by  the  well-developed  shore 
phenomena  at  the  corresponding  elevation.  This  stage  determined  the  Provo  shore  line, 
so  named  from  its  great  development  near  that  town. 

The  present  conditions  have  been  brought  about  by  the  recession  of  the  lake's  surface, 
due  to  the  excess  of  evaporation  over  inflow,  so  that  now  Great  Salt,  Utah,  and  Sevier  lakes 
arc  the  sole  remnants  of  the  former  great  body  of  water.  The  recession  has  uncovered  the 
great  expanse  of  lake  beds  that  underlie  the  intermontane  plains  and  constitute  the  fertile 
lands  at  the  base  of  the  Wasatch  Mountains,  and  has  also  exposed  the  remarkable  shore 
phenomena  that  testify  to  the  history  of  Lake  Bonneville,  so  completely  worked  out  by 
Gilbert. 

The  Bonneville  basin  is  preeminently  characterized  by  its  many  shore  lines  (PI.  Ill,  J9), 
the  highest  of  which  impinges  against  the  mountains  and  the  lowest  of  which  that  can  be 
recognized  incloses  the  area  covered  by  the  lake  sediments.  Through  a  vertical  interval 
of  1 ,000  feet  the  story  of  the  rise  and  fall  of  this  l)ody  of  water  is  recorded  by  the  super- 
pbsition  of  shore  line  upon  lake  sediment  and  of  lake  sediment  upon  shore  line.  The  record 
is  not  in  all  cases  perfectly  legible,  but  the  main  features  are  unmistakable. 

The  work  of  waves  is  recorded  by  cliffs  and  wave-cut  terraces,  from  which  the  debris 
was  carried  along  the  shore  to  make  benches,  bars,  spits,  and  terraces.  The  streams  loaded 
with  the  waste  of  the  land  areas  deposited  their  burdens  in  the  lake,  the  coarser  detritus 
being  laid  down  near  shore  while  the  finer  sand  and  clay  wei-e  carried  far  out  l)efore  sedi- 
mentation occurred.  Deltas  were  fonned  at  the  mouths  of  the  larger  creeks  where  so  much 
debris  was  carried  that  the  shore  currents  could  not  distribute  it.    Since  the  recession  of 


U.   S.   GEOLOGICAL   SURVEV 


WATER-SUPPLY    PAPER    NO.    167      PL-    III 


A.     NORTHERN    END   OF   UTAH   LAKE. 
Oquirrh  Mountains  in  background. 


B.     HEAD-GATE  OF  JORDAN   AND  SALT  LAKE  CITY  CANAL.   LOOKING  SOUTH. 
Embanknnent  at  point  of  the  mountain  in  background. 


GEOLOGY.  18 

the  lake  from  its  old  shores  the  streams  which  formed  the  deltas  have  hegun  their  destnio- 
tion  by  cutting  them  in  two  in  their  progress  toward  the  shrunken  body  of  water. 

The  Bonneville  is  the  most  conspicuous  of  all  the  shore  lines,  not  because  of  the  relative 
duration  of  time  during  which  it  was  formed  but  because  being  the  topmost  of  the  series, 
it  emphasizes  the  contrast  between  the  sharply  carved  subaerial  erosion  features  of  the  main 
land  and  the  broad  horizontal  lines  due  to  the  influence  of  the  lake.  Study  of  the  levels 
of  bars  at  this  stage  shows  that  the  record  is  complex  and  that  the  water  surface  alter- 
nately rose  and  fell  a  few  feet  during  the  formation  of  the  shore  phenomena  that  mark  the 
general  Bonneville  level. 

Below  the  Bonneville  there  are  a  number  of  plainly  marked  shore  lines  which  represent 
stages  in  the  level  of  the  lake  when  it  was  practically  constant  for  relatively  long  periods. 
Of  these  shore  lines  the  Provo  is  the  most  remarkable,  for  it  records  the  longest  occupancy 
of  one  approximate  horizon  of  any  of  the  stages  of  the  lake.  Its  embankments  are  the 
most  massive  and  its  wave-cut  terraces  are-  the  broadest,  notwithstanding  the  fact  that  the 
lake  at  the  Provo  stage  was  considerably  smaller  than  when  the  surface  of  the  water  was 
375  feet  higher,  its  area  having  shrunk  from  19,500  to  approximately  13,000  square  miles. 
The  Provo  shore  line  is  characterized  particularly  by  its  deltas,  which  were  formed  at  the 
mouths  of  all  the  larger  streams  that  entered  the  lake. 

The  fall  from  the  Bonneville  to  the  Provo  level  was  apparently  without  intemiption  and 
comparatively  rapid.  But  below  the  Provo  stage  there  are  remnants  of  shore  lines  and 
terraces  at  a  number  of  horizons  that  record  tempoiary  halts  of  greater  or  less  extent  in  the 
gradual  shrinkage  of  the  lake.  The  most  conspicuous  of  th^e  lower  shore  lines,  at  an 
elevation  of  approximately  750  feet  below  the  Bonneville  level,  has  been  named  the  Stans- 
bury  shore  line,  from  its  prominent  development  on  Stansbury  Island,  but  the  others  have 
not  been  correlated.  As  many  as  ten  distinct  shore  lines  can  be  traced  on  the  west  side 
of  Jordan  Narrows. 

In  connection  with  the  different  shore  lines  it  is  of  interest  to  note  that  Gilbert  has  found 
evidences  at  a  few  localities  of  oscillations  of  the  lake  level  between  the  Provo  and  Bonne- 
ville horizons,  which  appear  to  record  halts  in  the  rise  of  the  lake  as  it  approached  its 
maximum.  This  is  unusual,  for  most  of  the  observ'^ed  shore  phenomena  were  formed  during 
the  retreat  of  the  lake. 

Local  deposits  of  calcareous  tufa  occur  associated  with  the  various  shore  lines,  but  are 
most  abundant  at  the  Provo  horizon.  The  tufa  appears  to  have  been  deposited  by  precipita^ 
tion  from  the  lake  waters  due  to  aeration  of  the  waves,  especially  during  storms,  and  con- 
sequent loss  of  carbon  dioxide  by  which  the  carbonate  of  lime  was  held  in  solution.  The 
tufa  occurs  as  a  cement  to  gravel  and  as  a  more  concentrated  deposit,  from  a  few  inches  to 
a  few  feet  in  thickness,  coating  exposed  surfaces. 

Below  the  Provo  horizon,  lake  beds  consisting  of  subhorizontal  or  gently  lakeward-sloping 
sediments  are  associated  with  shore  deposits  until,  as  the  valley  bottom  is  approached, 
shore  markings  become  indistinct  and  the  lake  beds  prevail.  The  deposits  of  yellow  clay 
and  white  marl  previously  mentioned  as  being  widely  distributed  in  the  Bonneville  basin 
apparently  are  not  typically  developed  in  the  bay  of  the  old  lake,  which  occupied  the  area 
under  consideration.  A  number  of  deep  wells  have  been  sunk  into  the  valley  deposits  and 
their  records  indicate  the  general  composition  of  the  sediments  (PL  V).  The  beds  are  at 
least  2,000  feet  thick,  and  consist  of  gravel,  sand,  and  clay,  which  constitute  the  reservoirs 
in  which  ground  water  is  stored. 

CLIMATE. 

Weather  observations  have  been  systematically  recorded  at  Salt  Lake  City  for  thirty- 
one  years,  and  at  near-by  stations,  including  Provo,  Thistle,  Heber,  and  Park  City,  for 
eight  to  fourteen  years.  The  most  important  metcorologic  data,  compiled  from  reports  of 
the  United  States  Weather  Bureau,  are  summarized  in  the  following  tables,  which  give 
details  of  precipitation,  temperature,  wind  velocity,  humidity,  and  evaporation,  on  which 
the  supply  of  underground  water  directly  depends. 
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UNDERGBOUND    WATER   IN    VALLEYS    OF   UTAH. 


PRECIPITATION. 

Monthly  and  annual  precipitation  at  Salt  Lake  City,  1875  to  190^. 
[Inches.] 


Yoar. 


1876.... 
1876.... 
1877.... 
1878.... 
1879.... 
1880.... 
1881.... 
1882.... 


Jan.  ■  Feb.   Mar. 


1884... 
1885... 
1886... 
1887... 
1888... 
1880... 
1800... 
1801... 
1892... 
1803... 
1804... 
1895... 
1806... 
1807... 
1806... 
1800... 
1900... 
1001... 
1002... 
1003... 
1004... 


Mean. 


3.05  I 

1.23  i 
.87, 

1.07  , 
1.87  1 

.29; 

1.24  ' 
1.50  I 
1.47, 

.71 
1.48' 
1.91 
2.36  , 
1.52 

.73 
3.97 

.74 
1.61  ' 

.82 
1.31  I 
1.32 
1.26 
1.16  1 

.581 

.84 

.44 

.95 

.80 
2.11 


I 


1.45 


0.79 
1.52 

.38 
3.49 

.71 
1.02 
2.44 

.42 

.72 
2.23  J 
1.56 
1.36 
1.41  I 
1.22  I 

2.05  I 
.76  i 
.68 
1.64 
.83 
.85 
.69 
3.81 
.38 
2.98 
1.30  I 
1.77  j 
1.17  ' 

2.25 


2.81 
4.00 
2.93 
2.54 
.67 
.43 
.88 
1.12 
1.75 
3.09 
2.64 
2.60 
.35 
2.18 
1.64 
1.12 
4.66 
2.21 
2.68 
1.73 
.81 
1.99 
2.20 
1.71 
2.93 
.33 
2.48 
1.22 
1.35 
3.99 


Apr. 


May. 


1.50 

2.91 

2.09 

4.30 

2.14 

3.49 

2.63 

2.50 

3.26 

.10 

2.37 

1.85 

2.37 

2.55 

a  81 

.26 

2.93 

.06 

2.89 

1.78 

3.47 

2.49 

4.43 

.06 

1.87 

.73 

.99 

.34 

1.52 

2.97 

.94 

.16 

1.49 

.72 

1.90 

1.65 

2.72 

1.68 

1.67 

1.22 

.73 

2.29 

2.53 

3.67 

2.00 

.98 

1.30 

4.19 

.81 

2.50 

2.91 

.44 

.87 

4.27 

3.69 

.33 

1.11 

3.55 

2.20 

3.08 

June. 


0.90 
.09 
.80 
.35 

1.34 
.0^ 
.28 

2.24 
.33 
.33 

2.67 

1.02 
.37 
.06 
.01 
.32 

1.08 

1.21 
.04 

1.38 
.90 
.25 
.52 

1.45 
.06 
.08 
.49 
.37 
.74 
.27 


July. ;  Aug. 


1.01  j 

.83  I 
.02  I 
1.08  ' 
.07  1 
.20 
.21  I 
.30 
.10  ' 
.27  j 

•58   ; 

T. 
1.23 

.24 

.06  ' 

.02 

.47 

T.    , 
1.10 

.82' 

.421 
1.35  I 

.00  ' 

.18  1 

.42 

.32 

.31 

.56 

.14 

.59 


0.25 
.92 
.28 
.81 
.06 
.74 
1.61 
1.61 
.62 
.73 
.90 


I        ; 

8ept.i  Oct.    Nov.    Dec. 


1.22 
.42 
.90 

3.15 
.01 
.56 
.43 
.37 
.13 

1.91 

1.29 


2.03  I  2.21 


1.62 


.  79  ;    .53 


.50 

1.88 

.69 

.55 

.63 

.51 

.92 

.52 

.79 

T. 

.46 

1.19 

.05 

.12 

.71 

1.30 

.87 

2.87 

.02 

.95 

1.47 

.52 

.33 

.48 

1.35 

.15 

1.06 

T. 

.72 

1.44 

1.22 

.66 

.15 

.05 

.43 

.84 

.28 

.12 

.72 

.93 

1.36 
3.27 
2.41 
1.39 
1.62 
.40 
2.19 
2.89 
2.24 
.36 
.59 
I  1.08 
.30 
.80 
a85 
1.44 
1.26 
1.58 
1.02 
1.01 
.24 
.70 
1.91 
1.57 
2.85 
1.99 
.98 
.52 
.81 
1.18 


1.54 


5.81 

.81 
1.02 

.63 

.32 
I.IT 
1.44 

.54 
1.78 

.50 
3.10 
1.79 

.25 
2.00 
1.04 

T. 

.90 

.72 
1.18 

.28 
2.44 
a  15 
1.19 
1.95 
1.52 
1.40 

.92 
1.24 
2.21 

.00 


2.03 
I  1.80 
I  1.11 

I  3.06 
j  1.00 

1.24 

.02 

'  1.20 

I  2.12 

.02 

1.27 
I  1.55 
}  2.21 
.  4.37 
.42 
I  2.19 

2.35 
I  2.37 
I  1.28 

I  .84 
,  1.47 
I  1.28 
.61 
.16 
1.16 
1.31 
.51 
.90 


23.64 
21.28 
16l35 
19.75 
13.11 

ia94 

1&88 
15.98 
14.24 
17.52 
21.69 
18.89 
11.66 
13.62 
1&46 
ia33 
15.92 
14.08 
17.35 
16.27 
11.95 
1&42 
16.74 
l&OO 
17.57 
11.53 
16.08 
11.41 
14.62 
1&31 


1.36  !  1.64 


16.19 


Monthly  and  anniud  precipitation  at  Park  City,  1899  to  1904- 
[Inches.] 


Year. 

Jan.  1  Fob.    Mar.  |  Apr. ,  May. ,  June.'  July. 

Aug. 

Sept.'  Oct. 

1 

Nov.    Dec. 

AnnuaL 

1809 

i 
0.00  1  1.80 

1900 

1901 

1902 

0. 93  1  1. 87     0. 38  1  3. 56  '  0. 30  {    T.      0. 10 
2.24     2.35     3.15  1  1.92     1.50     0.20       .90 
1.90     1.18     4.04  1  1.96       .67  i  . 

0.32 
1.40 

2.23     0.00 
.  45  '    .18 

3. 50  1  1. 30 
1. 40     2. 20 

15.39 
17.89 

1903 

3.  88     1. 34     2. 60  1    .  95  |  2. 80  |    T 

.92  1    .30 

.55  '    .95 
.00  ' 

1904 

2. 15     5. 00     7. 85     1. 69     2.  44  , ' 

1.09 

1        '        '        1        ! 

1 

1 

CLIMATE. 
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Monthly  and  annual  precipitation  at  Provo,  1899  to  190^' 
[Inches.] 


Year. 

Jan. 

Feb. 

Mar.  1  Apr. 

May. 

1.37 
.32 
.39 
.36 
2.60 
2.11 

June.l  July. 

1 

Aug. 

Sept. 
1.13 

Oct. 

iT. 
.66 
T. 
.68 
.55 

1.56 

Nov. 

0.94 
3.50 

.85 
1.55 
1.U 

.00 

1 
Dec. 

1.05 
.12 
.96  1 

1.28 
.49  1 

1.05 

Annual. 

1899 

1.54 
.45 
.22 
.35 
2.65 
1.72 

2.89 
.35 

2.06 

1.12 
.65 

2.27 

2.45     0.39 
.05  1  1.65 
1.09       .29 
1.30     2.14 
1.80       .51 
a75  !  1.56 
I 

1900 

1 

0. 18      T. 

.10   a  11 

.30  .39 
.42  1    .39 



1901 

1902 

0.20 
.42 
.45 



.72 
.04 

1903 

1904 

12.31 
15.32 

Monthly  and  annual  precipitation  at  Heber,  1899  to  190^. 
[Inches.] 


Year. 


I  Jan.  I  Feb.  ■  Mar.  i  Apr.  \  May.  i  June.l  July. '  Aug.   Sept.  Oct.  <  Nov.  {  Dec.  '  Annual. 


I 


_i_ 


I 


18Q0 '  2.95  ' 

1900 ,  1.06  ' 

1901 j  2.20 

19(K '    .so' 

1903 2.17  I 

1904 1  2.10  I 


5.85  I  3.00 
1.50  I  .34 
2.20  I  1.56 
1.03  1.46 
.07  '  1.95 
3.00  I  3.48 


a89 
2.53 
.31 
1.88 
.78 
.96 


1.14  : 
.16! 

1.72  I 
.49 

1.42  ' 

2.01  I 


0.97 
.20 
.08 
.37 
.25 
.73 


■I- 


1.61 
.25  ' 
.40 
.15 
.69  1 
.29 


2.10 
.31 

2.06 
.50 
.02 


0.15  I 
1.20 
.16  i 
.45  , 

1.17] 
.16 


3.20  I  0.85  I  1.55  | 
1.47  I  4.42  ^  .22 
1. 70  I  1. 40  !  1. 50 
.45  1.77  ,  1.04 
.76  I  1.90  I  1.33 
1.22  ,     .00  ,  1.91 


14.26 
13.66 
15.29 

iao9 

13.32 
16.74 


MoTMy  and  annual  precipitation  at  Thistle ,  1899  to  1904- 
[Inches.] 


Year.  !  Jan. .  Feb. '  Mar.  I  Apr. 


1899. 
1900. 
1901. 
1902. 
1903. 
1904. 


1.60 


1.90 


2.40 
.47  I 
2.35  I 
2.05 


1.30 

.00 

2.40 

2.00 


1.90 


1.55  I 


0.05 
1.77 
1.16 
2.23 
1.75 
.90 


I 


May. '  June.l  July.  Aug. ,  Sept.  Oct.  ,  Nov. '  Dec. 


0.88      T. 
.05  '  0.10 


.85 

.35 

1.60 

2.65 


.05 
.00 
.35 


0. 10     0. 46 


.11 

3.05 

.35 

.20 

.53 

.10 

.32 

.46 

1.00 
.25 
.85 
.66 

1.90 


0l40 
.75 

1.15 
.41 

1.43 
.27 


Nov. 
2.08 

Dec. 

Annaal. 

1.80 
.93 

aso 

2.00 
1.45 
1.40 
1.50 

7.10 

2.10 
.80 
.00 

13.89 

TEMPKRATITRE. 

Mean  monthly  and  annual  temperature  at  Salt  Lake  City,  1873  to  1904- 


January.. 
February. 
March.... 

April 

May 

June .. 

July 


•F. 

27.9 

33.0 

41.6 

40.5 

57.8 

67.0 

75.5 


August 74.8 

September 64.3 

October 52. 3 

November 39. 8 

December 32.7 

Annual 61. 4 


Mean  monthly  and  annual  temperature  at  ProWf  1890  to  1904* 


January.. 
February. 

March 

April 

May 

June 

July 


op 

26.6 
29.3 
30.3 
49.1 
58.0 
64.7 
73.3 


August 70.7 

September : 60.8 

October 48.7 

November 38. 4 

December 29.2 


Annual. 


49.3 
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UNDERGROUND    WATER   IN    VALLEYS    OF    UTAH. 
Monthly  maximum  temperature  at  Salt  Lake  CHy,  1899  to  190^. 

[o  F.] 


Year. 

Jan. 
54 

Feb. 
51 

Mar. 
67 

Apr. 
80 

May. 
83 

June. 
96 

July. 
97 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1899 

91 

91 

73 

63 

59 

1900 

57 

55 

72 

78 

89 

101 

99 

94 

88 

76 

68 

fiC 

1901 

51 

56 

65 

79 

88 

90 

101 

95 

86 

85 

67 

59 

1902 

43 

62 

58 

78 

88 

98 

96 

98 

92 

81 

70 

58 

1903 

53 

42 

65 

80 

86 

91 

96 

98 

92 

77 

70 

45 

1904 

48 

66 

63 

78 

83 

92 

97 

94 

92 

83 

66 

55 

Mean 

51 

55 

65 

79 

86 

95 

98 

95 

90 

" 

67 

55 

Monthly  minimum  temperature  at  Salt  Lake  City,  1899  to  1904. 

[«F.] 


Year. 

Jan. 

Feb. 

M.. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1899 

i      *^ 

-10 

20 

30 

25 

34 

51 

46 

46 

30 

28 

9 

1900 

20 

10 

26 

30 

40 

47 

53 

62 

32 

27 

28 

2 

1901 

4 

15 

25 

15 

43 

40 

49 

56 

39 

36 

29 

11 

1902 

-  4 

12 

21 

32 

35 

42 

43 

52 

35 

36 

21 

15 

1903 

i      15 

-  4 

14 

25 

33 

54 

46 

48 

37 

32 

17 

14 

1904 .' 

7 

6 

19 

30 

36 

44 

51 

46 

38 

28 

26 

7 

Mean 

11 

1 

10 

21 

27 

35 

44 

49 

SO 

38 

32 

26 

10 

^WTND  VELOCITY. 

Average  wind  velocity  at  Salt  Lake  City^  1900  to  1904. 
[Miles  per  hour.] 


Year. 

Jan. 

3.4 
5.0 
3.8 
4.8 
4.1 

Feb. '  Mar. 

Apr. 

May. 

6.8 
7.3 
7.1 
6.1 
6.8 

June. 

6.5 
6.6 
6.7 
6.6 
6.5 

July. 

Aug. 

1 
Sept. 

6.6 
7.0 
6.7 
6.3 

ao 

Oct. 

6.6 
5.0 
6.7 
5.3 
5.4 

Nov. 

5.0 
4.9 
6.0 
5.4 
4.7 

Dec. 

Annual. 

1900 

5.2      6.3  1    7.3 
4.0       6.2  1     7.8 

6.0 
6.3 
6.7 
7.2 
6.5 

6.4 
5.8 
^5 

a2 

5.7 

4.5 
4.8 
4.7 
3.7 
4.9 

5.9 

1901 

&9 

1902 

5.6"     6.9 
4.5       6.8 
6.3  i    7.3 

a7 

7.3 
7.2 

6.1 

1903 

5.8 

1904 

6.0 

Mean 

4.2 

5.1  1    6.7 

1 

i 

7.2 

6.8 

7.0 

6.5 

6.1 

6.5 

1 

5.6 

6.2 

4.5 

5.9 

HUMIDITY. 

Mean  relative  humidity  at  Salt  Lake  City,  1900  /•  1904- 
[Per  cent.] 


Year. 


1900. 
1901. 
1902. 
1908. 
1904. 


Jan. 


78 


Mean. 


Feb.  1  Mar.   Apr. 


65 
73  I 
62 
74 
62 

67  I 


40         50 


55 
,58' 
52 
64 


May. 


42 
48 

44| 
46 

18  , 


June. 

July. 
24 

25 

36 

26 

31 

27 

38 

30 

38 

33 

Aug. 


Sept.    Oct.   Nov. 

I 


-L 


45 


34 


28 


30| 

32 
38  ' 
34  I 


48  I      62 
SO  '      57 


34 


47 


57 


Dec. 


67 


Annual. 


47 
49 

48 
51 
59 


CLIMATE. 
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EVAPORATION. 

DepS^  ttf  evaporation  at  Utah  Lake  a  front  August^  1903,  to  August,  1904. 

[Inches.] 


1903. 

August 8.40 

September 6. 78 

October 3. 86 

November 2. 50 

I>flcembeT 1. 60 

1904. 

January 1.50 


1904— Continued. 

February 2. 00 

March 3.50 

April 4.63 

May 7.72 

June 8. 80 

July 9. 41 

Total eo.eo 


SUMMARY. 


The  climate  of  the  valleys  of  Utah  Lake  and  Jordan  River  is  controUed  by  their  location 
in  tho  central  eastern  part  of  the  Great  Basin,  but  is  modified  somewhat  by  the  proximity 


£9    - 

1 

1 

M£AM  - 

9 

1 

• 

1 

1 

1 

1 

1 

1 

1 

II 

- 

- 

- 

• 

' 

- 

- 

- 

- 

• 

0    - 

III  II 1 1  III  1 1 II 1 1  H  1 1 1 II 1 1  I.I  M  i 

Fio.  1.— Diagiam  showing  variation  of  annual  precipitation  at  Salt  Lake  City. 

of  Utah  and  Great  Salt  Lakes  and  the  Wasatch  Mountains.  The  tables  show  that  the 
climate  is  characterized  by  low  annual  precipitation,  moderate  temperature,  moderate 
wind  velocity^  low  relative  humidity,  and  considerable  evaporation. 

Tlie  mean  annual  precipitation  at  Salt  Lake  City  is  16.19  inches,  ranging  between  a  maxi- 
mum of  23.64  inches  in  1875  and  a  minimum  of  10.33  inches  in  1890.  Since  1900  it  has 
averaged  2.2  inches  below  normal  (fig.  1).     Only  about  18  per  cent  of  the  annual  total 

•Computed  from  daily  measurements  of  a  tank  3  feet  in  diameier.  Tests  were  made  by  the  engi- 
neer of  Salt  Lake  City  from  1901  to  1903,  and  since  then  they  have  been  kept  up  by  the  Reclamation 
Service  under  G.  L.  Swendsen.  See  also  Newell,  F.  H.,  Fourteenth  Ann.  Kept.  U.  S.  Ceol.  Survey, 
pt.  2, 1804.  p.  154. 
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UNDERGROUND   WATER   IN    VALLEYS    OF   UTAH. 


occurs  from  June  to  September,  and  for  these  four  months  amounts  to  leas  than  3  inches. 
Between  October  and  May  the  variation  is  not  marked,  but  the  greatest  precipitation 
occurs  in  March  and  April  (fig.  2).  This  precipitation  is  unusually  high  for  the  Great 
Basin.  The  Wasatch  Mountains  serve  to  condense  the  moisture,  originally  derived  in  large 
part  from  the  westerly  winds  from  the  Pacific  Ocean,  that  remains  in  the  air  after  crossing 
the  Sierra  Nevada. 

Probably  the  precipitation  is  greater  on  the  summits  than  at  the  stations  where  records 
have  been  kept,  but  data  are  not  available.  The  melting  snow  of  the  winter's  accumulation 
is  the  chief  supply  of  the  streams  of  the  area  under  consideration. 

The  mean  annual  temperature  of  Salt  Lake  City  is  51.4^.  The  mean  monthly  maximum 
ranges  from  98°  in  July  to  51°  in  January,- while  the  mean  monthly  minimum  varies  between 
10°  in  December  and  February  and  50°  in  August. 

The  dryness  of  the  atmosphere  is  indicated  by  the  mean  relative  humidity  of  49  per  cent, 
varying  from  28  per  cent  in  July  to  76  per  cent  in  January,  and  by  the  amount  of  evapora- 
tion from  a  free  water  surface,  which,  according  to  the  latest  measurementa,  is  about  60 


Per 
cent 
14- 

Jain. 

Feb. 

Mar 

Apr 

May 

June 

July 

Aug. 

Sept. 

Oct. 

.Nov. 

Dec 

12 

fO 

• 

Q 

- 

6 

■ 

g^ 

■ 

1 

e 

1 

1 

1 

1 

0 

1 

1 

Jnches  14^      133       2,03      221        /.62       79        .S3        72       .S3       /.54      1,36 

Fig.  2.~Diagnim  showing  mean  monthly  precipitation  at  Salt  Lake  City. 


9nnumi 
164      /6.19 


inches  a  year.  Yet  the  climate  is  not  nearly  as  dry  as  in  other  parts  of  the  Great  Basin. 
The  dr3rncss  lessons  the  eiTect  of  the  summer's  heat,  so  that  the  ''sensible  temperature"  is 
not  so  great  as  would  be  suggested  by  the  thermometer,  being  modified  by  the  cooling 
effects  of  evaporation. 

HYDROGRAPHY. 
.STREAMS  TRIBUTARY  TO  in^AH  LAKE  AND  .TORI>AN  RIVER. 

Seepage  from  surface  streams,  as  shown  hereafter,  is  the  most  important  source  of  supply 
of  underground  water  in  the  valleys  of  Utah  Lake  and  Jordan  River.  A  summaiy  of 
discharge  measurements  therefore  throws  important  light  on  the  subject  and,  with  other 
data,  fumishrs  facts  for  roughly  estimating  the  amount  of  water  available  for  the  annual 
replenishment  of  the  underground  reservoirs.  The  figures  here  given  have  been  compiled 
from  records  of  the  United  States  Geological  Survey  and  from  data  obtained  through  the 
courtesy  of  the  city  engineer  of  Salt  Lake  City,  and  are  now  published  for  the  first  time. 

Satisfactory  measurements  of  the  flow  of  all  the  streams  in  the  two  vaUeys  have  not  been 
made.  However,  records  have  been  kept  for  a  number  of  years  of  the  dischai^  of  several 
of  the  more  important,  and  the  combined  data,  with  due  consideration  for  var3nng  con> 
ditions,  may  be  taken  as  typical  of  the  drainage  of  the  entire  watershed.    The  measure- 
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ments  were  made  at  the  mouths  of  the  canyons.  Below  these  points,  during  the  irrigation 
season,  the^water  is  diverted  and  conducted  over  the  vaUey  in  an  intricate  system  of 
ditches,  so  that  the  stream  beds  in  their  lower  stretches  are  then  often  dry.  During  the 
flood  season  the  streams  discharge  directly  into  either  Utah  Lake  or  Jordan  River.  Fol- 
lowing are  tables  of  monthly  measurements  for  1904,  to  which  annual  summaries  for  several 
years  are  added  where  figures  are  available: 

EtHmated  diaeharge  {at  mtndkg  of  oanyoiM)  ofgtreama  tributary  to  Jordan  River  and  Utah 

Lake. 


CITY  CREEK. 
[Drainage  area,  10  square  miles.] 

DischaxKe. 

Total. 

Run-off. 

Date. 

Maxi- 
mum. 

Mini- 
mum. 

Sec-feet. 
6.0 
6.0 
7.3 
11.0 
28.8 
2&6 
16.2 
11.5 
ft4 
8.7 
&2 
7.7 

Mean. 

Per 
square 
mile. 

Depth. 

Inchet. 

0.376 

.374 

.510 

1.294 

3.373 

2.301 

1.195 

.813 

.610 

.551 

.400 

.485 

Relation 

toraln- 

faU. 

RainfaU.« 

1904. 
Jfuioary 

8ec.-/eet. 

6.7 

7.9 

11.0 

2&8 

70.1 

57.0 

2&5 

15.3 

11.4 

9.3 

8.7 

9.2 

Sec-feet. 

6.2 

6.6 

8.1 

22.1 

55.6 

39.2 

19.7 

13.4 

10.4 

9.1 

&5 

8.0 

Acre-feeL 

381 

380 

516 

1,315 

3,419 

2,332 

1,211 

824 

619 

609 

506 

402 

Sec-feet. 

0.326 

.347 

.442 

1.160 

2.926 

2.063 

1.037 

.705 

.647 

.479 

.447 

.421 

Per  cent. 

20.9 

10.3 
8.6 

66.7 
122.2 
852.2 
202.5 

71.9 
508.3 

46.7 

Inches. 
1.80 

Vt/tms&ry 

3.62 

Mi^TX'h 

5.02 

April 

May 

1.94 
2.76 

JfUIP.  -,,-., .- 

.27 

Jnly 

.59 

August 

1.13 

.12 

October 

1.18 

NoTcmber 

(X) 

December 

53.9 

.90 

Year 

1903 

1902 

1901 

1900 

1890 

7ai 

-      63L1 
68.2 
72.0 
31.3 
121.9 

6lO 
4.3 

a6 

5.0 
5.4 

a2 

17.2 

lao 

12.3 

1.7 

9.8 

20.0 

12,tX)4 
9,440 
8,910 
9,261 
7,064 

14,491 

.908 
.685 
.647 
.668 
.517 
1.053 

12.381 
9.323 
8.811 
9.126 
7.040 

14.306 

61.2 
63.1 
69.5 
53.9 
52.5 
80.1 

20.23 
14.77 
12.67 
16.94 
13.41 
17.85 

EMIGRATION  CREEK. 
[Drainage  area,  19  square  miles.] 


190a  I 

January 

February 

March ' 

Apia I 

May 

June 

July 

Apgost 

September 

October 

November 

December 

Year 


&3 

0.7 

1.1 

.8 

.5 

.6 

11.7 

.4 

3.0 

12.8 

a7 

8.0 

19.3 

5.5 

9.5 

18.1 

4.0 

8.6 

4.0 

1.6 

2.8 

1.7 

.6 

1.0 

LI 

.6 

.8 

2.0 

1.1 

1.2 

3.2 

1.0 

1.3 

•  .8 

.6 

.  7 

19.3 

■' 

3.2 

184 
476 
584 
512 
172 
61  I 

"I 
43 

2,3.32  , 


0.068 
.032 
.158 
.421  I 
.500  !• 
.453  I 
.147 
.053 
.042 


.037  1 


.169 


.0.069 
.033 
.182 
.470 
.576 
.505 
.160 
.061 
.047 
.073 
.076 
.043 

2.304 


I 


2.3  I 

ai  1 

9.2  I 
45.6  I 
17.9  , 

136.5  ! 
120.7  I 
14.2  I 

5.3  { 

ia3  I 

5.5 


2.99 
1.08 
1.97 
1.03 
3.22 
.37 
.14 
.43 
.88 
.55 
1.38 
.73 

14.77 


I 


a  The  record  of  rainfall  given  under  Citv,  Emigration,  Parleys,  and  Mill  creeks  is  the  mean  precipita- 
tion for  Salt  Lake  CSty  and  Park  City;  that  under  American  Fork  and  Provo  Rivor  is  for  Provo  and 
Heber;  tliat  under  Spanish  Fork  is  for  Provo,  Tliistle,  and  Soldiers  Summit. 
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UNDERGROUND   WATER    IN    VALLEYS    OF    UTAH. 


EstimaJted  discharge  {<U  mouths  of  canyons)  of  streams  tributary  to  Jordan  River  and  Utah 

Lake — Continued . 

PARLEYS  CREEK. 

[Drainage  area,  50  square  miles.] 


Date. 


1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September. . . 

October 

November... 
December 


Year. 


1003. 
1902. 
1901. 
1000. 
1899. 


Discharge. 


Maxi- 
mum. 


J 


Mini- 
mum. 


Mean. 


Run-off. 


Total. 


Sec.'feet. 

9.2 

18.1 

39.3 

207.3 

208.5 

137.5 


I 


Sec-feet.   Sec-feel.  \Acre-feel 


4.8 

4.2  I 

9.4 

60.8  ! 

88.1  I 

28.5  ' 


41.1 

19.5 

20.2 

11.8 

lao 

9.4 

13.7 

11.8 

11.8 

8.8 

10.8 

2.5 

208.5 

2.5 

133.7 

2.1 

95.3 

2.2 

109.5 

3.0 

30.O 

2.9 

227.5 

4.0 

7.1 

10.3 

19.6 

123.2 

168.5 

52.6 

26.1 

l&O 

11.4 

12.9 

10.3 

&3 


437 
592 
1,205 
7,331 
10,361 
3,130 
1,605 
984 
679 
793  I 
613  I 
510  ! 


Per 
square 
mile. 

Sec-feet. 

0.142 

.206 

.392 

2.464 

3.370 

1.052 

.522 

.J20 


.206 
.166 


Depth. 

Relation 
to  rain- 
fall. 

Rai 

Inches. 

Per  cent.     Im 

0.164 

9.0 

.222 

6.1 

.452 

7.6  1 

2.749 

>   141.8  ' 

3.886 

140.8 

1.174 

434.8 

.602 

102.0 

.360 

32.7 

.254 

211.7 

.297 

25.2 

.230 

.191 

21.2 

10.590 

52.3 

5.581 

37.8 

4.544 

35.9 

5.429 

32.0 

3.431 

25.6 

14.884 

8a4 

1.80 

a.G2 

5.92 
1.94 
2.76 
.27 
.59 
1.13 
.12 
1.18 
.00 
.90 


20.23 
14.77 
12.07 
1&94 
13.41 
17.85 


1904. 

January 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

November... 
December 


Year. 


1902. 
1901. 
1900. 
1899. 


13.0 

13.0 

13.0 

25.1 

58.2 

55.9 

29.7 

1&8  I 

15.9  I 

14.0 

13.0  I 

n.9 , 

58.2 

34.4  I 

39.5 

47.4 

30.8 

66.0 


MILL  CREEK. 
[Drainage  area,  21  square  miles.] 


&6 

3.7 

9.3 
11.3  , 
25.1 
29.7  j 
20.8 
13.0 
13.0 
13.0 
11.3  I 

1.0 

1.0  I 

2.9  I 
1.9  I 
1.4 
1.4 
2.4  , 


9.9 
11.2 
18.8 
41.4 
40.9 
25.7 
14.9 
15.0 
13.7 
12.4 

8.6 


569  I 
689 
1,120 
2,545  ' 
2.434  I 
1,580 
916  I 
893 
842 
738  I 
529 


18.5 

13,464 

12.3 

8,916 

12.1 

8,7m 

12.9 

9,391 

11.5 

8,296 

19.6 

14,193 

0.471 
.471 
.486 
.895 
1.971 
1,948 
1.224  I 
.710  I 
.714 
.652 
.590 
.410 


.878 
.586 
.575 
.615 
.549 
.932 


1 


0.543  I 
.508 
.560  I 
.  999 

2.272  I 

2. 173  ! 

1.411  I 
.819 


30.2 

14.0 

9.4 

51.5 

82.3 

804.8 

239.2 

72.5 


L80 
3.62 
5.92 
1.94 
2,76 
.27 
.59 
1.13 


.797 

064.2 

.12 

.752 

63.7 

1.18 

.658 

.00 

.473 

52.5 

.90 

11.965 

59.1 

20.23 

7.964 

53.9 

14.77 

7.814 

61.7 

12.67 

8.383 

49.5 

16.94 

7.466 

55.7 

ia4i 

12.669 

77.1 

17.85 
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EfHmated  discharge  (ai  mouths  of  eawfona)  of  streams  tributary  to  Jordan  River  and  Utah 

Lake — Continued. 

BIG  COTTONWOOD  CREEK. 

[DrainacTQ  area,  48  square  miles.] 


Date. 


191)2. 

Januar>' 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

Novero'jer. . . 
December 


Dischaiige. 


Year. 


1901. 


Maxi- 
mum. 


Sec.'feei. 

27.6 

I  2S.4 

1  27.7 

I        142.9 

309.7 

>        309.5 

'  92.3 

3&9 

31.6 

29.0 

28.8 

29.3 


ICini- 
mum. 


Mean. 


Total. 


I 


I  . 


Sec-feet.   Sec-feet. 


360.7 
407.3 


13.6  ' 
17.2 
20.4  I 
27.0  I 
108.9  ' 
91.7, 
40.9 
28.4 
25.2  . 
21.4  I 
21.8 

lai  ' 


23.1 
24  2 
24.6 
70.4 
210.2 
194.5 
62.2 
33.0 
27.9 
26.3 
24.8 
22.8 


lae  ' 

11.3 


62.0 
68.3 


I 


Acre-feet. 
1,421 
1,344 
1,513 
4,180 
12,925 
11,574 
3,825 
2,029 
1,661 
1,617 
1,476 
1,402 


44,976 
49,639 


Per 
square 
mile. 


Sec-feet. 

0.481 

.504 

.512 

1.470 

4380 

4050 

1.300 

.688 

.581 

.548 

.617 

.475 


Run-off. 
Depth. 

Inches. 

0.555 

.525 

.590 

1.6«) 

5.050 

4  519 

1.499 

.793 

.648 

.632 

.577 

.548 


1.292 
1.422 


17.676 
1ft  381 


Relation   RainXall. 
to  rain- 
fall. 


Per  cent.     Inches. 


1904 

January 

February 

March 

April 

May 

June 

July ; 

August 

September. . . 

October 

November. . . 
December 


AMERICAN  FORK. 
[Drainage  area,  66  square  mlloa.] 


Year. 


17 

16 

24 

109 

379 

310 

147 

64 

43 

41 

34 


379 


15  < 
15 
15 
23 
95 
131 
66 
44 
35 
34 
28! 
18 


l&l 

990 

15.4 

886 

1ft  1 

1,174 

46.9 

2,791 

216.0 

13,280 

201.0 

11,960 

95.3 

5,860 

52.8 

3,247 

38.1 

2,267 

35.9 

2,207 

30.0 

1,785 

25.3 

1,556 

66.0 


48,000 


.711, 
3.27    ! 

ao5   I 

1.44 
.800  I 
.577  , 
.544 
.454  I 
.383  I 

1.00    I 


0.281 
.251 
.333 
.793 
3.77 
3.40 
1.66 
.922 
.644 
.627 
.507 
.442 

13.62 


14  7 
ft  5 
ft  2 

63.0 
183.0 

59ao 

488.0 

140.0 

6440 

45.1 


29.8  I 


85.0 


1.91 
Z64 
3.62 
1.28 
2.06 
.57 
.34 
.66 
.10 
1.39 
.00 
1.48 

16.03 
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UNDERGROUND    WATER   IN   VALLEYS    OF   UTAH. 


Estimated  discharge  {at  mouths  of  canyons)  of  streams  tributary  to  Jordan  River  and  Utah 

Lake — Continued. 

PROVO  RIVEB. 

[Drainage  area,  640  square  miles.] 


Date. 


1904. 

.Tanuary 

February 

March 

April 

May 

June 

July 

August 

September.., 

October 

November. . . 
December 


Year. 


1898. 
1897. 
1895. 


Dischaige. 


Maxi- 
mum. 


I 


I  Sec.'ftet, 
290 
861 

I  .667 

'  680 

2,153 

'  1,625 
326 
182 
184 
146 
190 
205 

2,153 
1,212 
2,600 
1,760 


Mini- 
mum. 


Sec-feet. 
196 
253 
331 
353 
461 
371 
136 
134 
80 
79 
113 
113 


79 
146 
225 
192 


Mean. 

Sec-feet. 
244 
373 
388 
486 
1,145 
1,131 
202 
149 
117 
113 
139 
140 


I 


a  571 
423 


Total. 


Acre-feel 

15j000 

21,460 

23,860 

28,020 

70,410 

67,300 

12,420 

9,162 

6,962 

6,948 

8,271 

9,102 


279,900 
279,000 
414,000 
306,400 


Run-off. 


Per 
square 
mile. 

Sec-feei. 
0.b81 
.583 
.606 
.759 
1.79 
1.77 
.316 
.233 
.183 
.177 
.217 


Depth. 


Tnchet. 
0.439 
.629 
.699 
.847 
2.06 
1.98 
.364 
.269 
.204 
.204 
.242 
.209 


Relation 

to  rain-  I 

fall. 


Per  cent. 

23 

24 

19 

67 

100 

347 

107 

41 

204 

15 


.604 

a20 

.60 

8.19 

.80 

12.12 

.66 

9.07 

18 


Rainfall. 


Inches. 
L»l 
2.64 
3.62 
1.2« 
2.06 
.57 
.34 
.66 
.10 
1.39 
.00 
1.48 


51 

49  I 


I&03 

1&71 

17.76 

a  14. 63 


o  Approximate. 

SPANISH  FORK. 

[Drainage  area,  670  square  miles.] 


1904. 

January 113 

February 126 

March '  240 

April I  229 

May '  415 

June I  255 

July '  121 

August I  92 

September 75 

October '  69 

November 69 

December 77 

Year i  415 


58 
58 
63 
110 
236 
111 
80 
67 
65 
65 
49 
40 


40 


77.6 
79.1 
85.8 
174.0 
343.0 
162.0 
94.6 
75.8 
68.0 
67.8 
61.5 
54.3 


4, 
4 
5, 
10, 
21, 

9; 

5, 
4, 
4 
4, 
3, 
3, 


0.116 
.118 
.128 
.260 
.512 
.242 
.141 
.113 
.101 
.101 
.092 
.081 


112.0         81,370 


.167 


0.134 
'.127 
.148 
.290 
.590 
.270 
.163 
.130 
.113 
.116 
.102 


8.1 
7.4 
4.4 
2&0 
25.0 
41.0 
39.0 
19.0 

lao 

11.0 


8.7 


1.66 

1.71 

3.36 

1.02 

2.33 

.66 

.42 

.60 

.85 

1.01 

.00 

1.07 


15.4  , 


14.78 


Comparison  of  the  discharge  of  several  streams  shows  marked  differences.  For  instance, 
during  1901  and  1902,  the  only  yeass  when  complete  measurements  of  both  Parleys  and 
Big  Cottonwood  creeks  are  available,  the  discharge  of  Big  Cottonwood  (drainage  area,  48 
square  miles)  averaged  47,308  acre-feet,  while  that  of  Parleys,  with  a  drainage  area  slightly 
greater  (50  square  miles),  averaged  only  13,303  acre-feet.  Again,  during  1904  the  dis- 
charge of  City  and  E^migration  creeks,  each  having  drainage  areas  of  approximately  19 
square  miles,  amounted,  respectively,  to  12,604  and  2,332  acre-feet.  Provo  and  Spanish 
Fork  rivers  also  afford  similar  results.    The  drainage  area  of  Provo  River  (640  square  miles) 
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is  .slightly  leas  than  that  of  Spanish  Fork  (670  square-  milto),  yet  the  dischaiige.  of  the 
fonner  in  1904  was  more  than  three  times  that  of  the  latter. 

It  will  be  noticed  that  the  flows  of  Spanish  Fork  and  of  Emigration  Creek,  streams 
which  in  the  above  comparisons  figured  poorly,  have  much  in  common,  though  their  drain- 
age areas  differ  greatly.  The  flow  of  the  two  streams,  expressed  in  second-feet  per  square 
mile  of  their  drainage  areas,  averaged  0.167  for  Spanish  Fork  and  0.169  for  Emigra- 
tion Creek,  which  may  be  compared  with  an  average  of  0.746  for  City  Creek  and  0.69  for 
PwwFO  River.  Tlie  amount  of  didchaige,  expressed  in  depth  of  inches,  over  the  watershed  is 
2.28  for  Spanish  Fork  2.30  for  Emigration  Creek,  and  10.33  for  City  Creek.  The  run-off  is 
approximately  15  per  cent  of  the  precipitation  for  Spanish  Fork  and  Emigration  Creek, 
and  about  63  per  cent  for  City  Creek. 

These  and  other  discrepancies  are  due  to  a  complex  set  of  causes,  chief  of  which  are  diffei^ 
ences  in  precipitation,  topography,  vegetation,  soils,  and  rocks  of  the  several  drainage  areas, 
and  the  care  that  is  taken  to  prevent  fires,  grazing,  and  destruction  of  timber  on  the  water- 
sheds. Though  in  general  the  main  streams  in  the  Wasatch  Mountains  have  many  features 
in  common,  the  valleys  of  some  of  them  are  narrow  and  steep,  while  those  of  others  are 
broader  and  more  open.  Some  valleys  are  better  adapted  than  others,  by  configuration 
and  position,  to  coUect  and  keep  snow.  Some  of  the  streams  head  in  lakes,  while  others  do 
not.  All  are  poorly  clothed  with  trees,  but  some  are  less  fortunate  in  this  respect  than  others. 
The  soil  covering  in  general  is  thin,  particularly  on  the  steep  slopes  and  in  areas  where  the 
absence  of  much  vegetation  allows  the  products  of  rock  disintegration  to  be  washed  into  the 
valleys.  But  where  the  slopes  are  compiaratively  gentle  and  vegetation  protects  the  accu- 
mulated rock  debris,  more  of  the  precipitation  is  absorbed  and  (escaping  flood  discharge) 
seeps  slowly  into  the  valleys  to  nudntain  the  perennial  flow  of  the  streams.  Differences 
in  the  porosity  of  the  bed  rocks  and  in  the  character  and  quantity  of  debris  in  the  stream 
beds,  whereby  greater  or  less  amounts  of  water  are  absorbed,  also  greatly  influence  the 

amount  of  run-off. 

ITTAH  LAKE. 

Utah  Lake  is  fed  from  several  sources,  including  surface  streams,  seepage,  springs  beneath 
the  lake,  and  the  precipitation  that  falls  uix>n  it.     The  measurable  factors  were  determined 
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Ite.  3.— DUgmn  showing  fluctuations  of  the  surtaoe  of  Utah  Lake.  1880-1004. 
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for  the  period  August  1903,  to  August,  1904,  under  the  direction  of  G.  L.  Swendsen^a  of  the 
United  States  Reclamation  Service,  who  found  that  of  the  total  supply  of  604,010  acre- 
feet  only  471,140  were  contributed  by  rainfall  on  the  lake  and  by  the  measurable  surface 
streams,  leaving  an  unmeasured  supply  of  132,870  acre-feet.  This  considerable  amount 
appears  to  be  contributed  by  seepage  and  by  springs,  some  of  which  have  reoentl^r  been 
foimd  in  the  northwestern  part  of  the  lake. 

The  surface  of  the  lake  is  subject  to  considerable  variation  in  elevation  in  consequence 
of  the  changing  relations  of  evaporation,  precipitation,  inflow,  and  outflow.  Fig.  3,  pre- 
pared by  the  Reclamation  Service,  shows  fluctuations  of  the  surface  from  1889  to  1904. 

There  is  a  seasonal  variation  of  1  to  4  feet,  ranging  from  a  minimtun  in  the  late  fall  to  a 
maximum  in  late  spring  and  early  summer.  The  diagram  also  shows  the  variation  in 
the  mean  level  of  the  lake.  The  lowest  elevation  shown  occurred  in  1903,  when  the  lake 
was  about  half  a  foot  lower  than  it  was  in  1889.  Following  1889  was  a  period  of  ten  years 
of  relatively  high  water. 

JORDAN  RIVEB. 

During  the  last  few  years  anomalous  conditions  have  existed  at  the  outlet  of  Utah  Lake. 
The  water  level  of  the  lake  has  fallen  so  low  that  the  normal  flow  has  ceased,  and  in  order  to 
supply  the  canals  in  Jordan  Valley  it  has  been  necessary  to  resort  to  pumping.  Accord- 
ingly a  pumping  plant  has  been  in  operation  at  the  head  of  Jordan  River  since  August,  1902. 
(PI.  IV,  A.) 

The  following  table  of  discharges  has  been  prepared  by  Mr.  J.  Fewson  Smith,  jr.,  water 
commissioner: 


Discharge  of  Jordan  River  and  the  canal  systems  in  Jordan  N arrows ^  and  of  Jordan  River  at 
pumping  plants  April  /-o  October ^  190 J^, 

[Acre-feet.] 


Month, 


1904. 
April 
May 
June 
July 
August 
September 
October... 


Sum  of  I  i?^, 
*"B-      I  Dlant.s 


222 
18,090 
25,110 
25,210 
24,720 
23,390 
8,363 


Total 


a  Figures  furnished  by  G.  L.  Swendsen. 

From  these  figures  it  appears  that  the  gain  in  the  flow  of  Jordan  River  between  the  pump- 
ing plant  and  the  intake  of  the  canals  in  Jordan  Narrows,  a  distance  of  about  13  miles,  April 
to  October,  1904,  was  11,348  acre-feet.  The  gain  is  partly  supplied  by  seepage  and  partly 
by  the  flow  of  wells  and  springs.  Between  Jordan  Narrows  and  the  head  of  North  Jordan 
canal,  a  distance  of  about  9  miles,  Mr.  J.  Fewson  Smith,  jr.,  found  that  the  seepage  into  Jor- 
dan River  between  May  and  September,  1904,  amounted  to  13,789  acre-feet. 

a  The  writer  acknowledges  his  Indebtedness  to  Mr.  Swendsen  for  many  courtesies  extended,  both  in 
the  field  and  office,  during  the  prosecution  of  the  work. 
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A.     GATE  AT  HEAD  OF  JORDAN    RIVER. 


B      DEAD    MAN'S   FALLS,   COTTONWOOD   CANYON. 
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No  sysiefmatic  data  hare  been  collected  below  the  head  of  North  Jordan  canal,  but  in 
December,  1904,  the  followinii;  measurements  were  made  by  Mr.  (^aleb  Tanner  and  the 
writer: 

Disdwye  ofjotdan  River  and  tributaries  between  LitUe  Cotkmwood  Creek  and  the  ford,  in 
me.  4,  T.  1  N.,  R.  1  W,,  Dettmher  6-7,  190^, 

Second-feet. 

Jordan  Rioter  above  mouth  of  tittle  Cottonwood  Creek 61 .  38 

Little  Cottonwood  Creek 8. 14 

Flume  At  TaylorviUe  roller  mill 39.0 

Big  Cottonwood  Creek 51 . 2 

Ditch  south  of  MiU  Creek 2.12 

MillCnsek ?3.94 

Ditch,  outlet  of  Decker  Lake 2.93 

Parleys  Creek,  north  and  south  ditches S.  78 

Eighth  South  street  ditch .• 0.09 

Total 2()3.58 

Jordan  Elver  below  North  Temple  Street  Bridge 190. 22  190. 22 

Loss  between  mouth  of  Little  Cottonwood  Creek  and  North  Temple  stm>t 13. 36 

Outlet  of  Hot  Springs  Lake 7.64 

Sewer  ditch  (estimate) 7.50 

Jordan  River  at  ford.  sec.  4,  T.  1  N.,  R.  1  W 214.00 

Total 205.36  205.36 

Gain  between  North  Temple  Street  Bridge  and  ford 8.64 

Leas  in  the  flow  of  Jordan  River,  instead  of  expected  gain,  is  thus  shown  between  the 
mouth  of  Little  Cottonwood  Creek  and  North  Temple  Street  Bridge  at  the  time  the  measure- 
ments were  made,  while  a  slight  gain  is  shown  between  the  bridge  and  the  ford  in  sec.  4,  T. 
1  N.y  R.  1  W.  It  appears  that  the  seepage  drains  into  the  tributaries  rather  than  directly  into 
Jordan  River  in  the  area  where  the  tributary  streams  are  numerous  and  that  farther  north, 
where  there  are  fewer  tributaries,  a  small  amount  of  seepage  drains  directly  into  the  river. 
How  far  these  figures  represent  conditions  the  year  round  remains  to  be  determined. 

GREAT  SAI.T  LAKE. 

Except  during  a  lapse  from  1898  to  1896,  instrumental  records  of  the  surface  fluctua- 
tion of  Great  Salt  Lake  have  been  kept  since  1875,  and  there  is  evidence  less  exact  dating 
back  to  the  survey  of  the  lake  by  Stansbury  in  1849-50.  When  that  survey  was  made  the 
level  of  the  lake  was  extremely  low,  and  since  then  it  has  varied  considerably.  In  1869 
the  water  surface  was  approximately  11  feet  higher  than  it  was  in  1850;  a  comparatively 
low  stage  was  reached  in  1873,  after  which  the  lake  rose  about  4  feet  to  a  maximum  in 
1876,  about  equal  to  that  attained  in  1869.  In  1883  the  lake  was  about  7  feet  below  the 
maximum;  then  it  rose  4  feet  until  1886,  since  when  it  has  gradually  fallen  until  now  it  is 
at  an  extremely  low  stage,  about  15  feet  lower  than  the  maxima  of  1869  and  1876.  Fig, 
4  illustrates  the  changes  since  1875. 

Besides  the  irregular  fluctuations  there  is  a  regular  annual  variation  ranging  between  1 
and  2  feet,  the  maximum  occurring  in  June  and  the  minimum  in  the  winter  This  annual 
variation  is  due  to  the  changing  relations  of  precipitation,  inflow,  and  evaporation,  high 
water  occurring  after  the  spring  floods,  and  low  water  during  the  season  of  feeble  stream  dis- 
charge and  after  the  period  of  excessive  evaporation.  The  irregular  variation  of  the 
past  can  be  accounted  for  chiefly  by  changes  in  rainfall,  the  earlier  maxima  being  associ- 
ated with  unusually  large  amounts  of  precipitation.  The  gradual  decrease  of  late  years 
in  the  volume  of  the  lake,  after  allowing  for  recent  dry  sea.son8,  Ls  apparently  due  to 
laigely  increased  irrigation,  by  which  the  inflow  of   surface  streams  has  been  checked 
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through  diversion  into  ditches.    Because  of  the  considerable  evaporation  and  transpira- 
tion incident  to  such  use  of  the  water,  only  a  small  per  cent  of  the  run-off  reaches  the 
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lake,  and  with  the  spread  of  irrigation  it  may  be  expected  that  this  cause  will  increasingly 
tend  to  keep  the  lake  level  at  a  low  stage. 


SOCRCES   OF   GROUND    WATER.  27 

UNDERGROUND  WATER. 

GENERAL  CONDITIONS. 
BOVBOB. 

The  underground  water  supply  in  the  valleys  of  Utah  Lake  and  Jordan  River,  as  is  well 
known,  is  maintained  by  the  snow  and  rain  that  fall  on  their  drainage  areas.  In  consid- 
ering the  sources  of  the  supply,  the  precipitation  tributary  to  Utah  Lake  and  Jordan  River 
can  conveniently  be  divided  into  that  on  the  mountains  and  that  on  the  main  vaUey. 

It  has  been  stated  that  the  actual  precipitation  in  the  mountains  probably  exceeds  the 
amount  shown  by  the  recorded  data.  Moreover,  neither  the  rainfall  nor  the  snowfall  \a 
evenly  distributed.  The  precipitation  is  greater  in  the  northern  than  in  the  southern  half 
of  the  area  under  consideration,  and  in  contiguous  localities  there  are  differences  due  to 
varying  topographic  conditions.  More  precipitation  is  likely  to  occur  in  the  vicinity  of  the 
higher  peaks,  and  in  the  mountain  recesses  that  are  well  protected  from  the  sun  large  quan- 
tities of  snow  linger  long  after  the  general  mantle  has  disappeared. 

Of  the  total  precipitation  on  the  mountains,  part  is  evaporated,  part  joins  the  run-off,  and 
part  becomes  underground  water.  Evaporation  occurs  either  directly — from  snow,  from 
a  free  surface  of  water,  and  from  water  contained  in  soils  and  brought  io  the  surface  by 
capillary  action — or  indirectly  by  transpiration  through  the  growth  of  plants.  Of  the  por- 
tion which  joins  the  run-off  part  runs  directly  out  of  the  mountains,  part  flows  to  small 
lakes  at  the  head  of  Big  Cottonwood  Creek  and  Provo  River,  and  part  is  absorbed  by  the 
soil  and  rocks  over  which  the  streams  flow  and  joins  the  subterranean  store.  A  final  portion 
of  the  precipitation  on  the  mountains  becomes  underground  water  directly  by  absorption 
by  the  surface  on  which  the  rainfall  occurs.  Part  of  this  underground  water  reaches  the 
surface  again  by  capillary  action  in  the  soils  and  by  the  life  activity  of  plants  and  is  finally 
evaporated;  another  part  after  remaining  underground  a  shorter  or  longer  time  reaches 
the  surface  again  by  springs  and  seepage,  and,  joining  the  run-off  little  by  little,  maintains  the 
perennial  flow  of  the  streams;  another  part  joins  the  more  permanent  supply  of  underground 
water.  It  is  imppfnible,  because  of  the  complexity  of  the  subject  and  the  lack  of  data,  to 
state  the  amoiwt  of  water  which  annually  replenishes  this  more  permanent  supply  of 
underground  water,  but  the  quantity  is  equivalent  to  the  precipitation  minus  the  run-off 
and  the  amount  evaporated.  From  the  incomplete  facts  at  hand  it  appears  that  the  run-off, 
measured  at  the  mouths  of  the  canyons,  although  varying  greatly,  approximates  50  per  cent 
of  the  precipitation,  but  the  total  evaporation  is  unknown.  Although  exact  figures  repre- 
resenting  the  amount  evaporated  can  not  be  obtained,  yet  experiments  on  evaporation  from 
snow,  soils,  and  vegetation  in  the  mountain  areas  would  afford  valuable  data. 

The  amount  of  precipitation  in  the  valley  is  better  known,  and  the  figures  for  Salt  Lake 
City  and  Provo  are  typical.  Here,  as  in  the  mountains,  part  of  the  precipitation  joins  the 
run-off,  part  is  evaporated,  and  part  becomes  underground  water;  but  there  are  practi- 
cally no  measurements  of  these  different  quantities.  Direct  run-off  of  the  precipitation 
on  the  valley  is  comparatively  small,  owing  to  the  open  nature  of  the  country  and  to  the 
fact  that  no  great  accumulations  of  snow  occur,  and  the  seepage  run-off  probably  consti- 
tutes the  main  amount.  Evaporation  from  soils  and  vegetation  dissipates  probably  the 
largest  part  of  the  rain  that  falls  on  the  valley,  especially  during  the  summer.  The  increase 
of  the  more  permanent  underground  water  supply  due  to  the  rainfall  on  the  valley  is  con- 
sequently small.  A  basis  for  judgment  is  furnished  by  comparing  the  condition  of  the 
valley  east  and  west  of  Jordan  River.  Precipitation  is  perhaps  slightly  less  in  the  western 
part  of  the  valley,  but  the  difference  is  not  enough  to  cause  the  marked  contrast.  The  scaro^ 
ity  of  ground  water  within  easy  reach  of  the  surface  in  the  western  part  of  the  valley,  com- 
pared with  the  abundance  easily  accessible  in  the  eastern  part,  implies  that  the  rainfall  on 
the  vaUey  contributes  a  proportionally  small  amount  to  the  store  of  tmderground  water. 
Existii^  conditions  are  due  to  the  fact  that  on  the  west  only  a  few  feeble  and  generally 
intermittent  streams  are  tributary  to  the  vaUey,  whereas  on  the  east  a  number  of  large 
perennial  streams  flow  from  the  Wasatch  Mountains,  supplying  water  that  is  distributed 
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over  the  valley  by  canals.  Seepage  from  these  streams  is  the  main  source  of  underground 
supply  in  the  valleys. 

The  amount  of  water  contributed  to  the  valleys  by  streams  from  the  Wasatch  Mountaiiiis 
is  capable  of  rough  numerical  statement.  The  drainage  area  in  these  mountains  tributary 
to  Jordan  Valley  is  approximately  220  square  miles,  and  measurements  of  five  creeks  in  that 
region,  given  in  the  section  devoted  to  hydrography,  show  an  average  flow  of  0.66  second- 
foot  per  square  mile  of  watershed.  This  amount  is  equivalent  to  a  stream  discharging  145 
second-feet,  or  a  total  amount  approximating  105,000  acre-feet  a  year.  The  average  of 
measurements  of  Provo  River  and  Spanish  Fork  in  Utah  Lake  Valley  gives  a  flow  of  0.43 
second-foot  per  square  mile  of  drainage  area,  which,  assuming  the  flow  to  be  derived  from 
rainfall  on  a  watershed  of  about  1 ,670  square  miles,  is  equivalent  to  a  stream  discharging  718 
second-feet,  amounting  to  520,000  acre-feet  a  year. 

Of  this  amount  of  water  annually  contributed  by  streams  to  the  valleys  of  Utah  Lake 
and  Jordan  River,  part  permanently  runs  off  and  is  added  to  the  supply  of  Great  Salt  Lake 
by  Jordan  River.  This  quantity  has  not  yet  been  systematically  measured,  but  it  is  esti- 
mated to  average  about  200  second-feet.  The  residue  either  evaporates,  directly  and  indi- 
rectly, or  becomes  underground  water.  Unfortunately,  no  figures  are  available  whereby 
the  amount  lost  by  evaporation  can  be  estimated,  so  that  the  annual  replenishment  of  the 
underground  supply  Ls  unknow^n.  Only  the  crude  statement  can  now  be  made  that,  in  the 
presence  of  influences  sufficient  to  cause  an  evaporation  of  60  inches  a  year  from  a  free  body 
of  water,  the  amount  which  is  not  thus  lost  from  a  supply  of  somewhat  more  than  600 
second-feet  joins  the  underground  store. 

Seepage  measurements  which  have  been  made  at  different  times  in  both  valleys  from 
creeks  and  ditches  offer  concrete  demonstrations  of  the  manner  in  which  the  underground 
supply  is  maintained.  Only  a  few  such  measurements  have  been  made  in  Utah  Lake  Valley, 
but  it  has  been  shown  that  in  1}  miles  the  Timpanogas  canal  lost  slightly  more  than  25  per 
cent  of  the  water  taken  in  at  its  head.a  Another  set  of  measurements  has  been  made  on 
Provo  River.  The  discharge  a  short  distance  above  the  mouth  of  the  canyon  was  found  to 
be  175.04  second-feet;  at  a  station  -a  mile  west  of  Provo  the  river  was  dry,  while  the 
sum  of  several  intermediate  diversions  amounted  to  186.22  second-feet.  The  difference — 
11.18  second-feet — represents  the  retiuTi  seepage  from  the  vaiious  canals. 2>  In  the  valleys 
of  creeks  tributary  to  Jordan  River  more  measurements  have  been  made,  of  which  those  in 
Big  Cottonwood  and  Mill  valleys  are  typical.  In  Big  Cottonwood  Creek  Valley  Mr.  E.  R. 
Moi^an  selected  for  measurement  two  sections  of  the  creek  on  which  different  conditions  exist. 
In  the  upper  section,  immediately  below  the  mouth  of  the  canyon,  the  bed  of  the  stream 
is  composed  of  large  loose  bowlders  resting  on  coarse  gravel,  and  the  land  on  either  side  is 
covered  with  comparatively  scanty  vegetation.  In  the  lower  section,  below  the  head  of 
Green  ditch,  the  bed  of  the  creek  is  comparatively  smooth,  and  the  land  on  both  sides  is  irri- 
gated and  covered  with  abundant  vegetation  The  loss  in  the  first  section,  in  a  distance  of 
2i  miles,  was  7.36  second-feet,  a  percentage  of  22  6,  while  in  the  second  section,  also  2} 
miles  long,  the  loss  was  only  0.30  second-feet,  a  percentage  of  2.4.c  In  Mill  Creek  Valley 
Mr.  Morgan  also  made  measurements  in  two  sections  where  different  conditions  exist.  In 
X)ne  section,  2  miles  long,  he  found  a  loss  of  22.7  per  cent ;  in  the  other,  three-quarters  of  a 
mile  long,  he  found  a  loss  of  3.6  per  cent.d 

While  seepage  from  the  flow  of  the  creeks  and  canals  furnishes  the  chief  supply  of  under- 
ground water  to  the  valleys  of  Utah  Lake  and  Jordan  River,  other  sources  are  the  underflow 
of  the  creeks  at  the  mouths  of  the  canyons,  springs  from  l)ed  rock,  seepage  at  the  base  of 
the  mountains,  and  the  small  addition,  already  mentioned,  derived  from  rainfall  on  the  valley. 
The  underflow  of  the  creeks  at  the  mouths  of  the  canyons  is  an  important  source,  but  the 
amount  thus  contributed  is  unknown.  The  quantity  equals  the  remainder  after  subtract- 
ing the  sum  of  run-off  and  evaporation  from  the  precipitation,  of  which  factors  only  the 
run-off  is  established,  the  precipitation  being  only  approximately  and  the  evaporation  not 
at  all  known.    The  amount  of  the  underflow  can  be  directly  determined,  however,  by  a  series 

a  Bull.  U.  S.  Dept.  Agric.  No.  124,  Office  Expt.  Stations,  1903,  p.  123. 
b  Ibid.,  p.  126. 

e  Morgan,  E.  R.,  Irrigation  in  Mountain  water  district,  Salt  Lake  County,  Utah:  Bull.  U.  S.  Dept. 
Agric.  No.  133,  Office  Expt.  Stations,  1903,  pp.  60-«l. 
tflbid.,pp- 44-45. 
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Clay 
Sand 
Dark  clay 
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WELL  SECTIONS. 

No.  1,  Orofcon  Short  Line  well  at  Kaysville;  No.  2,  Southern  Pacific  Company's  well  at  Strongs  Point; 
Nos.  3-24.  location  shown  on  Pis  VII  and  VIII. 
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cT  measurements  which  should  be  made  in  estimating  the  feasibility  of  constructing  sub- 
surface dams.  The  amount  of  water  contributed  to  the  Yalle3r8  from  bed-rock  sources  fe 
also  important.  A  remarkable  series  of  thermal  spring?  is  associated  with  the  great  fault 
at  the  western  base  of  the  Wasatch  Mountains.  Tliese  occur  at  inter^'als  along  the  entire 
extent  of  the  range,  and  other  warm  springs,  which  may  also  be  connected  with  faults,  are 
located  within  the  area  under  consideration.  Association  with  faults  suggests  a  deep- 
seat-ed  origin,  which  accounts  for  the  high  temperature  of  the  water.  The  last  source  of  the 
valley  water  supply  to  be  mentioned  is  the  comparatively  small  amount  which  is  derived 
by  seepage  from  the  base  of  the  mountains  from  areas  that  are  not  drained  by  creeks. 

SIBTRXBirriOK  07  UHSSBOEOirVD  WATBK. 

From  the  outline  of  the  geology  given  on  pages  7-13  it  will  1x3  seen  that  the  vallejrs  of  Utah 
Lake  and  Jordan  River  ans  occupied  by  a  considerable  but  unknown  thickness  of  gravel , 
sand,  and  clay  derived  from  the  disintegration  of  the  adjacent  mountains  and  deposited  in 
the  valley  under  alternating  subaerial  and  lacustrine  conditions.  In  general,  the  deposits 
are  arranged  in  broad,  sheet-like  accumulations,  the  coarser-textured  materials  abounding 
adjacent  to  the  highlands  and  the  finer  debris  preponderating  farther  out.  The  beds  lie 
practically  flat  in  the  center  of  the  basins,  but  are  inclined  slightly  away  from  their  source, 
the  attitude  of  deposition  being  practically  unaltered.  Conditions  of  deposition,  however, 
were  so  varied  that  over  large  parts  of  the  area  considered  the  deposits  are  not  widely 
uniform.  For  instance,  while  clay  was  being  laid  down  in  one  place  sand  was  accumulating 
in  an  adjacent  area  and  at  their  border  the  two  deposits  were  merged.  Consequently  the 
arrangement  of  the  beds  is  broadly  lenticular,  as  is  illustrated  by  the  well  records  (PI.  V). 
No  two  records  are  exactly  alike,  and  in  most  cases  it  is  impossible  to  correlate  deposits 
in  the  different  sections.  Beds  of  clay  are  most  widely  distributed,  but  the  more  localised 
accumulations  of  sand  and  gravel,  which  are  the  most  important  reservoirs  of  underground 
wat«r,  are  irregularly  distributed. 

Undeiiground  water  derived  from  the  sources  stated  above  occupies  the  spaces  between 
the  solid  particles  of  the  clay,  sand,  and  gravel  which  constitute  the  valley  filling.  In 
general,  these  deposits  are  saturated  below  the  horizon  which  marks  the  surface  of  ground 
water.  The  position  of  this  surface  varies,  depending  on  the  supply,  on  the  amount  used 
or  the  intensity  of  evaporation,  and  on  the  character  and  slope  of  the  sediments.  The  water 
is  seldom  stagnant,  but  tends  to  flow  with  extreme  slowness  from  a  higher  to  a  lower  level, 
the  chief  factors  in  the  movement  being  the  number  and  size  of  the  interstitial  spaces  in 
the  deposits  and  the  pressure  gradient  due  to  gravity.  The  highest  velocity  of  ground 
water  ever  determined  is  about  100  feet  in  twenty-four  hours,  but  the  ordinary  velocity  is 
much  less  than  this,  common  rates  in  sand  being  between  2  and  50  feet  a  day. 

The  fluctuation  of  the  surface  of  ground  water  is  considerable.  Since  the  chief  replen- 
ishment of  the  supply  occurs  when  the  creeks  discharge  the  most  and  when  the  irrigation 
canals  are  in  full  operation,  ground  water  occurs  nearer  the  surface  in  summer  than  in 
winter.  Conditions  in  different  areas  cause  a  varied  annual  range,  but  10  feet  is  common 
and  15  feet  is  not  infrequent.  In  addition  to  the  annual  fluctuation  a  cumulative  change 
is  in  progress,  the  ground-water  surface  being  gradually  raised  in  the  lower  parts  of  the 
valley  in  consequence  of  irrigation  and  the  custom  of  allowing  artesian  wells  to  flow  unceas- 
ingly, leading  to  swampy  conditions  in  the  valley  bottom.  Details  regarding  these  changes 
arc  given  on  subsequent  pages. 

PI.  VI  illustrates  the  approximate  average  depths  at  which  ground  water  occurs  in  the 
valleys  of  Utah  Lake  and  Jordan  River.  The  boundaries  between  the  different  areas 
fluctuate  and  can  not  accurately  be  detennined.  A  narrow  belt  contiguous  to  the  base  of 
the  mountains  is  left  blank  on  the  map  because  of  the  varying  and  often  unknown  condi- 
tions that  exist  there,  owing  to  seepage  and  the  irregular  distribution  of  water  in  the 
adjacent  bed  rocks.  In  the  absence  of  topographic  maps  the  position  of  the  water  table 
can  not  be  shown  by  contours. 

Below  the  surface  of  ground  water  the  saturated  beds  contain  varying  amounts,  depend- 
ing on  the  character  of  the  deposits.  Coarse-textured  gravel  and  sand,  having  a  greater 
porosky  than  fine-textured  clay,  hold  and  transmit  relatively  more  water.  Beds  of  sand 
and  gravel  therefore  constitute  the  chief  underground  reservoirs.  Typical  illustrations  of 
the  distribution  of  sand  and  gravel  are  shown  in  PI.  V.     In  sinking  wells  in  this  region,  beds 
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of  sand  and  gravel,  ranging  from  a  few  inches  to  a  hundred  feet  or  more  and  separated  by 
varying  thicknesses  of  clay,  are  encountered,  water  being  commonly  found  in  each  porous 
deposit.  Because  of  the  prevailing  inclination  of  the  deposits  away  from  the  mountains, 
and  of  the  presence  of  relatively  impervious  beds  of  clay  above  more  porous  sand  and 
gravel,  the  contained  water  is  under  pressure.  In  the  lowland  areas  this  pressure  is  suffi- 
cient to  cause  the  deep-seated  water,  when  it  is  reached  in  a  well,  to  rise  and  flow  at  the 
surface,  and  consequently  artesian  water  is  an  important  source  of  supply.  Above  the 
lowlands,  where  the  surface  elevation  is  too  great  for  a  flow  to  occur  at  the  surface,  the 
water  rises  in  deep  wells  to  a  greater  or  less  height  according  to  the  amount  of  pressure. 

VOASJXY  OF  mroimoBomn)  wates. 

The  accompanying  analyses,  gathered  from  a  number  of  sources  and  reduced  to  common 
terms,  illustrate  the  character  of  the  water  in  the  valleys  of  Utah  Lake  and  Jordan  River. 

Antdyses  of  water  from  streams  arid  springs  in  valleys  qf  Utah  Lake  and  Jordan  River.a 

[Parts  per  million.] 


No. 


Source  and  date. 


Ca. 


CXEKKS. 

City,  Dec.,  1882 

Red    Butto,  i 
Dec.,  1882 


55.3 


8.8 


Emigration, 
Dec.,  1882 >  101.0 

Parley B,    Dec.,  ' 


Big   Cotton-  i 
wood,Oct.,l884     48.1 

Little    Cotton 
wood,Oct.,1884i    17.5 

Dry  Cotton- 
wood  


American  Fork 

Payson 

Santaquin 

Currant 47.0     54.0; 

Warm I  114.o'    48.0 


17.0 
45.0 
12.0 
12.0 


Mg. 

18.9 
31.3' 

31.61 

I 
22.5, 


Na. 

2.6 
25.6 
18.1 
31.5 


8.2, 


^1 


18.91   Trace. 

I 

27. 0| 
24.  oi 
17.0; 
31.01 


RIVERS. 


I 


5.9 

15.0 
4.0 
22.0 
31.0 
89.0 
381.0 


Provo 

Spanish  Fork.. 
I  Jordan: 

15  '      Utah      Lake 

(outlet).  1899 

16  ,      Salt  Lake  City 
!         (near),  1809. 

I  WARM  SPRINGS. 

I  Lake  City 
Oct.,  1881. 

18  Beck's  (hot).. 

19  Sandy  (8 mi.  8.), 

Mar.  1882 


17  '  Salt  Lake  City 


UTAH  LAKE. 


20  >  1883. 

21  •  1904. 


51. 0|    29.0. 
68.0     36.0, 


67.6 
11L8 


535.2 
694.3 


55.8 
67.0 


13.8' 
13.71 


28.0 
46.0 


233.7 
251.1 


178.0 


138.4   3,039.0 
109.5,  3,754.9,  196.9; 


K. 


24.3 

Trace 

9.9 

2.6 

8.6 

1.7 

14.0 
10.  o' 


AlsOsiFetOa  SiOs. 

I 


2.0 
3.3 
2.6 
1.8 
L6 
L3 


3.0' 

5.0' 

44.0' 

92.0 


22.0. 
17. 0'. 


19.9 
35.2 
24.4 
27.2 
12.6 
39.9 


2.0. 


0.7 
9.0'... 


21.3 


27.7       405.0'    55.  o; 


18. 6| 
86.0, 


S0« 


7.3 

100.6 

126.2 

56.5 

42.1 

12.3 

34.0 
42.0 
32.0 
33.0 
115.0 
114.0 

44.0 
64.0 


HCOa.'  COi. 


a. 


05.1 
108. 8| 
102.7 
122.1 
63.6 
32.2 


19.5 
22.9 
28.6 
19.7 


7.9       203.4 


2.8        12L8 


12L0j 

146.0 

121. 0'     14. 0|. 
212.0     14.0. 


14.0       242.0 

Trace.      270.0 

221.0 

338.0 

181.0     15.0     211.01      756.0 
333.0     28.o'    703.0   1,813.0 


I 


205.0. 
277.0'. 


I 


23.7 


334.5, iTrace 


t 


787.5; 442.9 

31.5  840.5 '  204.5 

50.5     53.8' 272.7 


316.5, 


Total. 


244.0 
416.5 
445.1 
360.0 


28.0      307.0 
28.0       536.0 


804.0 


378.9    1,000.0 


4,068.1 
6,743.8 


635.6 


10,284.0 
12,584.9 


12.4 


17.7       2.0| 10.0    130.6 60.0 

230.0     22.o| 28.o|  378.0    194.0     11.0,    337.0,  1,353.0 


a  Authorities.— Nos.  1-^,  17, 19,  Kingsbury,  J.  T.  Nob.  6-14,  Soil  survey  of  the  Provo  area,  Utah: 
Bureau  of  Soils  U.  S.  Der«t.  Agric,  1904,  p.  22.  Nos.  15,  20,  and  21.  Cameron,  F.  K.  Water  of  Utah 
Lake:  Jour.  Am.  Chcm.  Soc.,  vol.  37,  No.  2,  19W.  No.  16,  ibid.,  Kept.  No.  64  U.  8.  Dept.  Agrk.  No. 
18,  Rigg8,R.B.,  Bull.  U.S.Geol.  Survey  No.  42, 1887,  p.  148.    No.  20,  Clarke,  F.W.    No.  21,  Brown,  R.B. 
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I     The  average  of  analyses  of  12  streams  a  oomiDg  from  the  Wasatch  Mountains  shows  a 
I  to4al  solid  content  of  319  parts  per  million,  ranging  from  122  to  536,  the  varying  character 
of  the  water  being  duo  to  differences  in  the  rocks  of  the  respective  watersheds.    Examina- 
tion of  these  analjrses  shows  that  calcium  is  usually  the  most  abundant  base,  with  magne- 
sium a  poor  second,  while  sodium  and  potassium  generally  are  much  less  plentiful  and 
Tuy  in  relative  amounts.    Among  the  acid  radicals,  carbonic  commonly  preponderates, 
j  being  often  several  times  more  abundant  than  the  others;  sulphuric  ranks  next,  and  in  a 
I  few  streams  is  important,  while  chlorine  is  generally  of  minor  occurrence.    Little  Cotton- 
wood Creek  ranks  first,  having  only  121.8  parts  per  million  of  dissolved  soUds.    It  flows 
(or  most  of  ita  course  throu^  granitic  rock  and  therefore  contains  but  little  calcium  car- 
bonate.   The  total  solids  in  Big  Cottonwood  Creek  water  are  also  low  and  reSativeky  little 
i  ime  is  present  because  a  large  part  of  the  drainage  is  over  silicious  rocks.    Hie  great 
I  ibundanoe  of  limestone  on  most  of  the  watersheds  accounts  for  the  abundance  of  calcium 
I  arbonate.    Red  Butte,  Emigration,  and  Parleys  creeks  make  a  relatively  poor  showing, 
I  be  sulphates  being  espedally  abuadant,  beoause  these  ■bvams  flow  over  Peimo-Carboii~ 
I  kroMs  and  Mesozoic  rocks  containing  more  or  less  gypsiferous  matter.    Provo  River  and 
fMuiish  Fork  drain  large  areas  occupied  by  a  variety  of  rocks,  among  which  limestone  is 
coniinent,  and  the  analyses  show  rather  high  amounts  of  total  solids,  the  carbonates 
dng  particularly  abundant.    Currant  and  Warm  creeks  are  exceptional.    The  unusual 
Dount  of  sodium  chloride  present  in  Currant  Creek  is  derived  from  salt  deposits  above 
ephi.    Warm  Creek  rises  in  the  springs  west  of  Goshen,  and  the  character  of  its  water, 
ke  that  of  similar  springs  in  this  area,  is  due  to  unusual  conditions. 
The  few  analyses  of  the  thermal  springs  in  the  area  under  consideration  show  the  presence 
'  abundant  dissolved  salts,  of  which  the  chlorides  are  the  most  plentiful,  though  consid- 
able  quantities  of  sulphates  and  carbonates  are  also  present.    Sodium  is  several  times 
ore  abundant  than  any  other  base,  calcium  ranks  second,  and  magnesium  and  potassium 
i  present  in  small  amounts.    Some  of  the  hot  springs  contain  considerable  hydrogen 
Iphide.    Most,  if  not  all,  of  these  springs  are  associated  with  faults  and  have  a  deep- 
tted  origin,  to  which  their  temperature  and  composition  are  due.    The  mineral  matter 
leached  ^m  the  deposits  through  which  the  waters  pass,  much  of  the  salt  content 
Dg  probably  derived  from  old  lake  beds. 

toalyses  of  water  from  flowing  wells  are  similar  to  those  of  surface  streams.  Different 
k  give  different  results,  the  quality  of  the  water  varying  with  the  source  and  the  nature 
he  deposits  passed  through  undeiground.  Analyses  from  the  "Murray"  and  "Ger^ 
ua''  wells  show  an  unusually  small  content  of  total  solids,  while  those  from  the  wells 
he  Utah  Sugar  Company  at  Lehi  and  near  Provo  show  amounts  above  the  average. 
;he  area  contiguous  to  Great  Salt  Lake  the  well  water  contains  considerable  salt,  but 
analyses  were  obtained.  In  general  the  water  from  flowing  wells  is  of  admirable 
lity  and  often  forms  a  marked  contrast  to  the  supply  from  shallow  wells. 


a  Omitting  Currant  and  Warm  creeks,  which  are  exceptional. 
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Analyses  ofuxUerfrom  toeUs,  ete.j  in  valleys  of  Utah  Lake  and  Jordan  River  J^ 
[Parts  per  million.] 


No. 


Source  and  date. 


Ca. 


Mg. 


Na. 


22  Mill  Pond  at  Lehi,  July. 1885  J    B2 

23  Artesian  welI,Murray  Plant,  I 

Am.  Smelting  and  Refin- 
ingCk) '    23 

24  ;  Artesian   well,    Qermania  ' 
I      Plant.  Am.  Smelting  and  i 

Refining  Co I    24 


U.  S.  Mining  Co.  well,  Bing-  i 
ham  Junction,  Aug. ,  1902 . 1    37 

11 

34 


25 

26  U.  S.  Mining  Co.  well,  West 

Jordan,  Aug.,  1902 

27  I  Wm.  Cooper's  well,  Bing- 

ham Junction 


28  I  Beet-cutting  station,  Utah 

Sugar  Co.  well,near  Provo, 

1      Jan.,  1899 


29  I  Artesian  well,  Utah  Sugar 
Co.,  Lehi,  Jan.,  1890. 

30 
31 


R.  G.  W.  Rwy.  well,  Spring- 
ville.  May,  1901 


R.  O.W.  Rwy  .well,  Goshen, 
May,  1901 , 


6.6 

8.7  ! 
13 

5 
11 

29 
38 
19 


Al.   I  I 

Fe.   Sl<>«-  ^^*' 
O,.  I 


1.4 

1 

2.4 

1 


11 

<fl96 

14 

dl4 

9.7 

d\2 

14 

dSO 

13 

,6 

die 

58 

Il2 

154 

18 

41 

\° 

47 

1 



COa.    CI. 


6135  ' 

I 

42  I 

I 

641 
«l 
e30 
66  ' 

C180 
cOl 
120 
127 


Tr. 

.... 

6.8 

.... 

1    27 

68 

i    « 

.... 

!    45 

1 

«, 

1 

21 

140 
87  290 
58 
87  ;      284 

108  I      656 
287  I      6ffi 


.1 1 


.    aAvTHORiTiES.— Nos. 22,  28,  and  29,  Dearborn  laboratories.    Nos.  25  and  26,  Converse,  W.  A.    No. 27, 
J.  H.  Parsons  Chemical  Co.    Nos.  30  and  31,  De  Bernard,  J.  H. 

6  From  MgCO«. 

e  From  CaCOi  and  MgCOi. 

d  From  CaS04. 

No  analyses  of  ground  water  obtained  from  shallow  wells  are  available,  but  the  general 
character  of  such  water  is  known.  In  the  upland  areas  above  the  canals  the  water  from 
shallow  wells  is  much  like  that  commonly  obtained  throughout  the  region  in  deeper  on»; 
it  contains  a  moderate  amount  of  dissolved  salts,  largely  calcium  carbonate,  and  is  usually 
of  good  quality.  But  in  the  lowlands  the  surface  water  is  quite  different,  generally  con- 
taining considerable  dissolved  salts,  among  which  alkalies  are  abundant.  Where  ground 
water  lies  within  the  scope  of  capillary  attraction  from  the  surface,  evaporation  causes  the 
mineral  matter  which  is  held  in  solution  to  accumulate,  and  in  this  manner  the  soil  becomes 
fainted  with  alkali.  Consequently  the  water  from  surface  wells  in  the  lowlands  is  charac- 
teristically rich  in  dissolved  salts. 

Abnormal  conditions  prevail  locally  in  the  vicinity  of  the  smelters  in  Jordan  Valley 
south  of  Salt  Lake  City.  Smelter  smoke  has  lately  become  a  nuisance  to  farmers  by 
injuring  crops  and  animals  in  the  path  of  prevailing  winds.  Sulphur  dioxide  is  the 
most  abundant  deleterious  substance  contained  in  the  smoke,  and  to  a  minor  extent  locally 
finds  its  way  into  the  water  supply.  Occasionally  also  ground  water  may  become  poisoned 
from  accumulations  of  flue  dust  containing  copper  and  arsenic,  a 

Natural  gas  occurs  in  a  number  of  water  wells  in  the  area  under  consideration.  Well 
drivers  report  the  common  presence  of  vegetable  matter,  chiefly  fragments  of  wood,  at 
different  deptlis  in  many  localities.  This  was  entombed  in  the  old  lake  deposits,  and  its 
decomposition  may  account  for  the  origin  of  the  gas.  Though  gas  occurs  in  numerous 
wells  it  has  been  found  in  quantity  in  only  a  few  localities,  the  greatest  development  occur- 
ing  near  the  shore  of  Great  Salt  Lake,  about  12  miles  north  of  Salt  Lake  City.  ^  Here 
several  wells  were  drilled  averaging  about  500  feet  in  depth;  and  from  September,  1895, 

o  Widtsop,  J.  A.,  Relation  of  smelter  smoke  to  Utah  agriculture:  Bull,  .\gricultural  College  of  Utah 
No.  88,  1903. 
b  Richardson,  G.  B.,  Natural  gas  near  Salt  Lake  City:  Bull.  U.  8.  Geol.  Survey  No.  260, 1905,  p.  4»\ 
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to  !(lArch,  1897,  Salt  Lake  City  was  supplied  with  natural  gas  from  this  source,  the  total 
yield  being  approximately  150,000,000  cubic  feet.  But  the  supply  finally  became  insuffi- 
cient and  the  field  was  abandoned.  Gas  continues  to  be  found  in  various  parts  of  the  valley 
and  possibly  other  fields  similar  to  that  north  of  Salt  Lake  City  may  yet  be  found;  but 
there  is  little  reason  for  expecting  much  better  results  than  already  obtained  and  it  is 
impossible  to  predict  the  localities  where  such  supplies  may  be  found. 

The  water  of  Utah  Lake  represents  the  varied  sources  of  its  supply;  part  is  derived 
directly  from  surface  streams,  another  part  from  sewage,  still  another  portion  from  springs, 
and  the  whole  is  concentrated  by  evaporation.  The  analysis  by  the  Bureau  of  Soils  on 
page  90  shows  the  present  condition  of  the  water.  Sodium  predominates,  magnesium  and 
calcium  are  subordinate,  and  the  corresponding  salts  are  principally  sulphates  and  chlorides. 
Comparison  with  an  analysis  of  Utah  Lake  by  F.W.Clarke  twenty-one  years  earlier  affords 
interesting  data.a  The  total  solids  have  increased  from  308  to  1,353  parts  per  million, 
and  the  character  of  the  water  has  changed  from  a  preponderating  sulphate  solution  to 
one  containing  large  amounts  of  chlorides;  the  sodium  has  increased  remarkably  and 
magnesium  is  now  in  excess  of  calcium.  These  changes  appear  to  be  mainly  due  to  man's 
occupancy  of  the  region.  The  streams  have  been  diverted  for  irrigation  and  an  increasing 
supply  has  reached  the  lake  as  seepage  after  passing  through  the  alkaline  soils  of  the  low- 
lands.   Evaporation  in  the  shallow  lake  also  has  tended  to  concentrate  its  waters. 

The  composition  of  the  wat^r  of  Great  Salt  Lake  has  been  the  subject  of  much  investi- 
gation, and  a  list  of  the  more  important  analyses  is  given  on  page  34.  The  lake  receives 
the  drainage  of  an  enormous  area,  but  by  far  the  greater  part  of  its  supply  is  derived  from 
the  Wasat<*h  Mountains,  from  Bear,  Weber,  and  Jordan  rivers.  The  mineral  content  of 
Great  Salt  Lake  is  the  result  of  the  concentration  of  a  vast  body  of  water  during  a  long 
period  of  time,  in  which  Lake  Bonneville  has  given  place  by  evaporation  to  the  present 
lake.  Great  Salt  Lake  is  shallow,  and  the  seasonal  and  annual  fluctuations  in  its  level 
cause  considerable  differences  in  volume,  with  consequent  changes  in  composition  of  the 
water.  These  changes  are  indicated  by  the  increase  of  salinity  from  13  per  cent  in  1873 
to  about  24  per  cent  in  1892. 

In  August,  1892,  the  water  of  Great  Salt  Lake  contained  238  parts  per  thousand  of 
total  solids,  consisting  of  predominating  sodiiun  and  smaller  amounts  of  magnesium,  potas- 
sium, and  calcium,  in  the  order  named,  the  corresponding  salts  being  chlorides  and  sul- 
phates. The  water  of  the  lake  is  thus  a  concentrated  brine,  and  in  the  winter  months 
the  point  of  saturation  for  sodium  sulphate  is  actually  reached  and  crystals  of  mirabilite  f> 
are  deposited.  The  critical  point  for  calcium  carbonate  is  passed,  so  that,  in  spite  of  its  . 
abundance  in  the  waters  that  supply  the  lake,  none  has  been  found  in  it.  Apparently 
calcium  carbonate  is  precipitated  soon  after  entering  the  dense  body  of  water. 

a  Cameron,  F.  K.,  Jour.  Am.  Chem.  See.  vol.  37,  1905,  p.  113. 
^Talraagie,  J.  E.,  "Great  Salt  Lake,  Present  and  Past,"  1900,  p.  64. 
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Analyses  of  water  of  Great  Salt  Lake,  a 
[Partf)  per  thousand.] 


Analyst  and  date.      Ca.         Mg.        Na. 


I 
Gale,  L.  D.,  1850..   Trace. 

Allen,  O.  D..  sum-  ' 
mer,  1869 \    0.2 

Bassett,  H.,  Aug., 
1873 :...|      .0 

Talmage,  J.  E.:       ' 

Dec..  1885 .4 


0.6  I  85.3 

3.8  49.6 
3.0  38.3 

2.9  58.2 


K.         SO*,  j      CI.  I   B,Oa.      P,Oj.     Total.  ^P^IJ^. 
12.4         124.5       222.8  1.170 

I  I  III' 

2.4      '    9.9  I    84.0  Tmce.    Trace.     149.9          1.111 

9.9      '    8.8  !    73.6       ' 134.2  1.102 

1.9      I  13.1           90.7       1  167.2  1.122 


Aug.,  1889 8  5.1         66.3      ,    2.1         11.7      |  110.5       | 195.5  1.157 

Waller,  E.,  Aug.,                i 
1892 1     2.424       2.844     7.5.825       3. 925  ,  14. 9<»4     128.278     Tmce 6238.12         1.156 

I I  I  I I  '  i 

n  Waller.  E.,  Water  of  Great  Salt  Lake:  School  of  Mines  Quart.,  vol.  14,  1893,  p.  50. 
6  By  evaporation,  duplicate  test  gave  237. 93. 

Too  little  care  is  given  to  the  sanitary  character  of  the  waters  in  the  valleys  of  Utah 
Lake  and  Jordan  River.  The  mountain  streams  are  a  source  of  excellent  purity,  yet  they 
are  liable  to  contamination.  General  supervision  of  the  watersheds  of  the  creeks  that  sup- 
ply Salt  Lake  City  is  maintained  by  the  municipality,  especially  on  City  Creek,  but  else- 
where few  precautions  are  taken  to  safeguard  the  supply.  Commonly  the  character  of 
water  obtained  from  the  deep  wells  is  of  good  quality,  as  is  also  that  of  surface  wells  in 
the  thinly  settled  uplands  adjacent  to  the  base  of  the  mountains.  But  surface  water  gen- 
erally, especially  in  the  thickly  settled  lowlands,  where,  moreover,  the  mineral  content  is 
high,  is  undesirable  for  domestic  use  because  of  its  liability  to  contamination. 

Salt  Lake  and  Provo  are  the  only  cities  in  the  area  that  have  sewer  systems.  The 
Provo  sewer  discharges  through  an  open  ditch  into  Utah  Lake,  and  thereby  pollutes  that 
body  of  water.  Salt  Lake  City's  sewage  is  well  disposed  of  on  a  ''sewer  farm"  below 
Hot  Springs  Lake,  and  the  surplus  enters  Jordan  River  near  its  mouth.  Elsewhere  no 
systematic  sanitary  precautions  are  taken,  and  locally  conditions  are  bad,  with  consequent 
frequent  typhoid  fever  epidemics. 

It  can  not  be  too  strongly  impressed  upon  inhabitants  of  country  districts  that  the  wel- 
fare of  the  community  is  intimately  concerned  with  preser^'ing  the  water  supply  uncon- 
taminated,  and  in  this  connection  it  may  be  of  service  to  reproduce  a  section  from  the  ninth 
annual  report  of  the  Massachusetts  State  board  of  health:  a 

There  are  a  few  points  to  be  borne  In  mind  with  reference  to  water  supply,  drainage  of  houses,  and 
sewerage,  which  have  been  suggested  by  the  examination  of  the  board  in  this  State,  and  may  properly 
be  summarized  here. 

1.  The  privy  system,  so  common  throughout  the  State,  by  which  filth  is  stored  up  to  pollute  the  air, 
soil,  and  water  near  dwellings,  should  in  all  cases  be  abolished. 

2.  Cesspools,  unless  extraordinary  precautions  be  taken  as  to  ventilation  and  prevention  of  pollu- 
tion of  soil  and  air,  are  little  better,  and  should  be  given  up  for  something  less  objectionable  as  seen  aa 
practicable. 

3.  Weils  can  not  be  depended  on  for  supplies  of  wholesome  water  unless  they  are  thoroughly  guarded 
from  sources  of  surface  and  subsoil  pollution.  Some  of  the  foulest  well  water  examined  by  the  board 
has  been  clear,  sparkling,  and  of  not  unpleasant  taste. 

4.  Where  wells  have  already  been  polluted  and  it  is  not  practicable  to  dig  new  deep  wells  remote 
from  sources  of  contamination  or  to  introduce  pure  public  water  supplies,  the  storage  of  rain  water, 
properly  filtered,  i.*  a  satisfactory  method  of  procedure. 

5.  In  small  towna  where  public  water  supplies  have  not  been  introduced,  and,  indeed,  wherever  watei^ 
closets  are  not  used,  some  method  of  frequent  removal  and  disinfection  with  earth  or  ashes  should  be 
adopted  in  place  of  privies,  by  which  it  should  be  impossible  for  the  filth  to  soak  into  the  soil  or  escape 
into  the  air.  Cemented  vaults  are  not  always  to  be  depended  upon,  as  their  walls  crack  from  frost  or 
through  settling  of  the  ground,  and  they  thus  sometimes  become  sources  of  pollution  of  wells,  bestdes 
contaminating  the  air.  Xor  is  the  fact  of  a  privy  being  on  a  downward  slope  from  the  well  a  sufDcient 
safeguard,  for  even  then  the  direction  of  the  subsoil  drainage  may  be  toward  the  well. 


a  Rafter,  U.  W.,  and  Baker,  M.  N.,  Sewage  Disposal  in  the  United  St&te8,1804,  p.  40. 
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6.  Earth  closets,  with  proper  care,  may  be  satisfactorily  adopted,  but  the  earth,  after  having  been 
once  used,  should  be  placed  upon  the  land,  not  stored  within  doors  and  dried  to  bo  again  used,  for  in 
the  process  of  drying  there  are  emanations  from  it  which  are,  perhaps,  not  less  dangerous  from  the  fact 
of  their  being  imperceptible  by  the  unaided  senses  or  through  chemical  examination.  With  earth  cloa- 
ets  a  plan  similar  to  that  in  use  at  the  Pittsfleld  Hospital «  may  well  be  used  for  the  <duimber  slops, 
and  the  kitchen  waste  may  l)e  utilired  (with  the  chamber  slops  too,  if  desired)  in  the  manner  used  by 
Mr.  Field  and  Colonel  Waring.  *  *  *  Less  intricate  methods  are  used  in  scattered  dwellings,  but 
with  the  ^ect  of  having  the  slop  water  absorbed  by  the  ground  and  taken  up  by  vegetation  so  far 
from  the  house  as  not  to  involve  a  nuisance  or  danger  to  health. 

7.  Where  water  supplies,  wate]>closets,  etc.,  are  introduced,  sewers  should  follow  immediately  in 
most  kinds  of  soil.  Cesspools  should  not  be  used,  unless  with  extraordinary  precautions;  but  with  a 
few  hundred  feet  square  of  lawn  the  irrigation  system  by  agricultural  drain  pipes  is  to  be  recom- 
mended, whereby  the  filth  is  at  once  taken  up  by  the  roots  of  grass.  In  all  cases,  of  course,  with  or 
without  cesspools,  there  should  be  thorough  ventilation  of  the  system  of  house  drainage,  with  discon- 
nection from  the  main  outlet  drain  by  means  of  either  a  ventilating  pipe  or  rain-water  spout  between  the 
sewer  trap  and  the  house,  and  whose  openings  at  the  top  should  be  only  at  points  remote  from  win- 
dows and  chimney  tops. 

On  the  whole,  a  thoroughly  tKitlsfactory  arrangement  of  this  kind,  if  properly  looked  after,  is  m 
many  respects  to  be  preferred  to  connecting  with  public  sewers. 

KEOOYEKT  OF  UHSSKOBOUVD  WATIB. 

A  crude  estimate  of  the  amount  of  underground  water  in  the  valleys  of  Utah  Lake  and 
Jordan  River  might  be  made,  based  on  an  assumed  thickness  and  porosity  of  the  unconsoli- 
dat4>d  sediments,  and  thi^  result  would  be  many  cubic  miles,  yet  the  fi^ires  would  be  value- 
less. The  important  fact  is  the  amount  of  available  water  that  can  be  recovered  econom- 
ically: but,  unfortunately,  this  too,  because  of  lack  of  detailed  knowledge  concerning  the 
distribution  and  thickness  of  the  beds  of  sand  and  gravel  which  constitute  the  reservoirs, 
can  not  be  determined.  Though  definite  figures  are  not  available,  the  general  fact  is  well 
known  that  the  lowlands  are  amply  supplied  with  underground  water  within  easy  reach  of 
the  surface  and  that  on  the  highlands  the  underground  supply  is  relatively  small. 

Undei^ground  water  becomes  available  for  use  both  naturally  and  artificially.  It  reaches 
the  surface  again  naturally  in  springs  and  by  seepage  into  drainageways,  and  is  commonly 
recovered  artificially  by  means  of  wells,  though  occasionally  tunnels  and  subsurface  dams 
prove  efficacious.  Wells  are  the  main  recourse  in  the  area  under  consideration,  and  they 
can  be  conveniently  grouped  into  two  classes,  flowing  and  nonflowing. 

The  areas  in  which  flowing  wells  are  obtained  in  the  valleys  of  Utah  Lake  and  Jordan 
River  are  shown  on  Pis.  VIII  and  IX,  and  the  list  of  wells,  together  with  the  descriptions  of 
the  different  localities,  gives  detailed  information  concerning  the  occurrence  of  artesian 
water. 

The  date  when  the  first  flowing  well  was  put  down  has  not  been  ascertained,  but  it 
appears  to  have  been  about  1878.  Since  then  many  have  been  sunk,  and  the  limits  of  the 
areas  in  which  flows  can  be  obtained  have  been  determined  with  fair  accuracy  by  experi- 
ment. The  map  shows  that  flowing  wells  exist  only  in  the  lower  portions  of  the  valley, 
the  area  of  flows  corresponding  closely  with  that  in  which  ground  water  lies  within  10  feet 
of  the  surface.    Higher  up  on  the  benches  the  elevation  is  too  great  to  obtain  flows. 

Locally,  flowing  wells  may  be  obtained  at  a  depth  of  less  than  50  feet,  but  generally  they 
range  between  100  and  400  feet,  while  the  few  that  have  been  sunk  to  1,000  feet  and  more 
encountered  water  under  pressure  in  the  successive  beds  of  sand  and  gravel.  As  many  as 
25  distinct  water  horizons  from  which  flows  at  the  surface  were  obtained  are  reported  in 
the  Rudy  well,  sec.  6,  T.  1  N.,  R.  1  W.  The  wells  are  usually  2  inches  in  diameter,  though 
occasionally  the  shallower  ones  are  only  1  inch,  while  the  deeper  one^  are  4  and  6  inches. 
In  yield  the  wells  vary  considerably,  according  to  location,  depth,  and  size  of  pipe.  The 
greatest  flow  measured  was  that  in  the  Harry  Gammon  well,  sec.  7,  T.  6  S.,  R.  2  E.,  which 
supplies  about  266  gallons  a  minute  from  a  3-incb  pipe.  A  number  of  wells  flow  less  than 
1  gallon  a  minute,  though  a  common  yield  is  lietween  10  and  60  gallons.  The  pressure  is 
comparatively  low,  the  highest  measurements  obtained  being  only  15J  pounds  per  square 

a  Cottage  Hospitals:  Ninth  Ann.  Rept.  Mass.  State  Board  of  Health,  pp.  83-^5. 
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inch,  and  generally  the  greatest  pressures  are  little  more  than  sufficient  to  raise  the  water 
into  railroad  tanks. 

Temperature  measurements  of  the  water  from  flowing  wells  afford  some  data  bearing  on 
the  downward  increment  of  heat  in  the  unconsolidated  valley  deposits,  but  there  are  a 
number  of  disturbing  factors.  Adjacent  to  the  mountains  the  waters  are  unusually  cool ; 
the  presence  of  hot  springs  tends  to  disturb  conditions,  and  the  depths  from  which  the  waters 
flow  are  often  not  known.  The  common  rate  of  downward  increase  in  temperature  appears 
to  be  slightly  less  than  1°  F.  in  50  feet,  but  the  facts  obtained  do  not  warrant  a  closer 
statement.  It  may  be  of  local  interest,  however,  to  observe  that  in  general  the  tempera- 
ture of  the  water  increases  with  the  depth  of  the  wells  at  approximately  that  rate. 

Few  measurements  have  been  made,  but  it  is  common  experience  that  the  yield  of  many 
flowing  wells  in  the  area  under  consideration  has  decreased.  The  most  comprehensive 
measurements  are  those  made  of  the  wells  owned  by  Salt  Lake  City  near  Liberty  Park 
(p.  44).  Comparing  the  discharge  of  12  of  these  wells  in  August,  1890,  with  the  yield  of  the 
same  wells  in  September,  1902,  it  appears  that  in  the  interval  of  twelve  years  the  flow  of 
one  had  increased,  but  that  those  of  the  others  had  materially  decreased.  Such  decrease, 
however,  may  be  due  largely  to  clogging  of  the  pipes,  for  the  total  yield  of  the  Liberty  Park 
area  has  been  maintained  with  little  decrea.se  by  sinking  new  wells. 

Decrease  in  yield  is  conspicuously  apparent  in  Lehi  and  Spanish  Fork,  where  flowing 
wells  formerly  could  be  obtained  much  more  generally  than  now,  and  is  notable  elsewhere 
throughout  the  valley,  especially  adjacent  to  the  boundary  of  the  flowing  area.  Decrease 
in  flow  of  individual  wells  is  so  :ietimes  due  to  clogging  up  with  sand  and  clay,  and  often 
can  be  remedied  by  cleaning  or  by  the  use  of  casing.  But  the  general  decrease  is  to  be 
explained  chiefly  by  the  large  increase  in  the  number  of  wells  which  draw  on  the  general 
supply.  It  is  also  to  be  remembered  that  for  the  past  few  years  the  annual  precipitation 
has  been  considerably  below  the  mean. 

The  artesian  wells  are  used  for  stock,  irrigation,  and  domestic  purposes.  The  amount 
used  for  stock  is  comparatively  small,  and,  save  for  watering  small  gardens,  artesian  water 
as  yet  is  not  extensively  used  for  irrigation,  except  locally.  Probably  over  a  thousand  acres 
are  thus  irrigated  in  Utah  Lake  Valley,  the  principal  areas  being  below  Lehi  and  Payson. 
The  artesian  supply  is  much  used  for  domestic  purpases,  and  in  general  furnishes  an  admi- 
rable quality  of  water,  containing  much  less  dissolved  salts  and  being  much  purer  than 
shallow  ground  water. 

An  attempt  was  made  to  estimate  the  total  number  of  flowing  wells  in  the  area  studied, 
but  the  result  Is  to  be  taken  only  as  a  rough  approximation.  There  are  about  5,000  flow- 
ing wells  in  the  valleys  of  Utah  Lake  and  Jordan  River,  and  possibly  somewhat  more  than 
half  of  these  occur  in  the  southern  valley.  Assuming  an  average  of  15  gallons  a  minute,  a 
total  yield  of  about  150  second-feet  is  thus  indicated. 

Outside  of  the  area  in  which  flowing  wells  are  obtained  underground  water  is  recovered 
either  from  shallow  dug  wells  that  tap  the  upper  surface  of  underground  water  or  from 
driven  wells  ir.  which  the  water  comes  from  a  relatively  deep  horizon  and  is  under  pressure 
which  causes  it  to  rise  toward  the  surface.  To  save  the  expense  of  *'  driving,"  shallow  wells 
are  often  dug  within  the  area  in  which  flowing  wells  can  be  obtained.  Occupying  the  center 
of  the  valley  and  extending  approximately  to  the  limit  at  which  flowing  wells  can  be 
obtained,  ground  water  lies  within  10  feet  of  the  surface,  and  locally,  as  has  been  mentioned, 
swampy  conditions  exist.  As  the  base  of  the  mountains  is  approached  the  depth  to  ground 
water  increases  and  la  over  50  feet  on  much  of  the  upland  where,  over  large  areas,  the  dis- 
tance to  water  is  unknown. 

Water  is  recovered  from  these  wells  generally  by  buckets  and  hand  pumps.  Comparatively 
few  windmills  arc  in  operation.  An  average  wind  velocity  of  not  less  than  6  miles  an  hour  a 
is  stated  to  l)e  required  to  drive  a  windmill;  and  since  the  mean  wind  velocity  at  Salt  Lake 

o  Wilson,  H.  M.,  Pumping  for  irrigation:  Water-Sup.  and  Irr.  Paper  No.  1,  U.  8.  Oeol.  Survey, 
1896,  p.  27. 
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City  from  June  to  September,  inclusive,  is  6.5  miles  an  hour  and  for  the  entire  year  averages 
only  5.9  miles,  the  natural  conditions  are  not  very  favorable  for  this  form  of  power.  Steam 
punips  are  used  only  to  a  limited  extent.  The  Bingham  Consolidated  Company  has  three 
3-inch  wells  250  to  300  feet  deep  in  which  the  water  rises  to  within  about  70  feet  of  the  sui^ 
face;  125  gallons  per  minute  are  reported  to  be  supplied  by  each,  the  water  being  raised  by 
compressed  air.  Another  instance  of  successful  pumping  is  at  the  brickyard  in  sec.  29, 
T.  1  S.,  R.  1  E.,  where  40  gallons  a  minute  are  reported  to  be  obtained  from  a  well  30  feet 
deep.  Gasoline  for  pumping  has  not  been  much  used.  Electric  power  can  be  cheaply 
developed  in  the  canyons  and  affords  a  valuable  asset.  In  the  valleys  of  Utali  Lake  and 
Jordan  River  pumping  on  a  large  scale  has  not  yet  been  resorted  to.  There  is,  however,  a 
considerable  quantity  of  water  within  easy  reach  of  the  surface  which  probably  will  not 
much  longer  remain  unused. 

Underground  water  is  recovered  in  exceptional  circiunstances  by  means  of  subsurface 
dams,  or  similar  contrivances,  which  impound  the  undei^ground  supply.  In  unconsolidated 
materials,  in  order  that  this  may  be  successfully  accomplished,  certain  conditions  are  nec- 
essary. Practically  impervious  bottom  must  exist  within  easy  reach  of  the  surface  to  pre- 
vent excessive  lowering  of  the  ground-water  level,  and  competent  side  walls,  not  too  far 
apart,  should  be  present  to  intercept  lateral  escape.  The  presence  of  the  necessary  condi- 
tions can  be  determined  only  by  prospecting,  and  the  practicability  of  such  structures  is  an 
independent  question,  but  because  of  the  value  of  water  in  the  area  under  consideration 
their' feasibility  should  be  investigated.  Possible  locations  of  subsurface  dams  are  suggested 
by  rock  walls  at  the  mouths  of  the  narrow  canyons,  where  borings  in  search  of  suitable  bot- 
tom should  be  made.  Tests  of  the  amount  and  porosity  of  the  valley  filling  at  and  above 
the  mouths  of  the  canyons,  together  with  measurements  of  the  velocity  of  the  underflow, 
would^  indicate  the  quantity  of  available  underground  water.  On  Emigration  Creek,  for 
instance,  the  comparatively  low  run-off,  suggesting  an  unusual  amount  of  underdrainage, 
and  the  quantity  of  water  obtained  from  the  inefficient  city  trench  invite  further  testing  of 
the  possibilities.  Below  the  mouths  of  the  canyons  in  the  several  creek  valleys  favorable 
conditions  also  may  be  discovered  by  the  drill  to  warrant  the  construction  of  infiltration 
galleries. 

In  the  section  devoted  to  geology  it  is  stated  that  the  rocks  of  this  region  are  more  or  less 
disturbed  and  broken,  and  an  important  part  of  the  precipitation  on  the  mountains  finds  its 
way  into  the  bed  rock.  The  water  occurs  in  the  small  interstices  or  pores  which  are  present 
in  all  rocks,  in  laiger  spaces  such  as  fissures  or  solution  channels,  and  along  joints,  bedding 
planes,  and  igneous  contacts.  As  would  be  expected,  less  water  is  found  in  the  Oquirrh 
Mountains  than  in  the  Wasatch.  Bingham  is  a  dry  camp,  though  more  or  less  water  is 
encountered  in  the  workings,  while  the  mines  of  Park  City  are  wet.  The  Ontario  tunnel, 
which  drains  most  of  the  large  mines  of  the  latter  district,  is  stated  by  J.  M.  Boutwell  to  dis- 
charge from  6,000  to  9,000 gallons  a  minute.  Considerable  water  is  being  recovered  by  tun- 
nels driven  into  bed  rock  along  the  base  of  the  mountains.  In  some  instances  the  site  of 
the  tunnel  marks  the  presence  of  a  former  spring,  as,  for  instance,  Wadleys,  ne^tr  Pleasant 
Grove,  and  those  in  Butterfield  Canyon.  But  in  one,  the  Dalton  and  Lark  tunnel,  east  of 
Bingham,  water  in  quantity  was  not  encountered  until  several  thousand  feet  of  rock  were 
penetrated. 

Another  method  of  recovering  water  from  bed  rock  Is  suggested  by  the  structure  of  the 
mountains  southeast  of  Salt  Lake  City.  It  will  be  recalled  from  the  outline  of  the  geology 
that  a  great  syncline,  modified  by  local  undulations,  is  there  developed,  whose  axis  extends 
along  the  vaDey  of  Emigration  Creek.  The  general  stnicture  is  favorable  for  the  occurrence 
of  artesian  water,  but  there  are  unfavorable  complications.  The  rocks  are  chiefly  compact 
limestones,  the  general  disturbed  and  fissured  conditions  tend  to  relieve  the  pressure  on  the 
interstitial  water,  and  the  Wasatch  fault  has  cut  across  the  strata.  Nevertheless,  it  is  pos- 
sible that  locally  the  red  sandstones  contain  water  under  pressure,  but  because  of  the  limited 
intake  area  a  large  supply  is  not  to  be  expected. 
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BtJGOESTIONS. 

It  is  evident  that  in  general  a  high  degree  of  efficiency  in  the  use  of  the  water  resources  of 
the  valleys  of  Utah  Lake  and  Jordan  River  is  not  maintained.  Conditions  can  be  greatly 
benefited  by  preventing  waste  whenever  possible.  Most  prominent  in  this  connex^tion  is  the 
p  conservation  of  storm  waters.  Besides  the  construction  of  large  impounding  reservoirs 
small  ones  can  profitably  be  built  at  many  localities  within  the  mountains.  Also  to  a  C4>r- 
tain  extent  storm  waters  can  be  utilized  by  diverting  them  on  the  uplands  and  permitting 
them  to  spread  over  a  larger  area  instead  of  allowing  the  run-off  to  escape  rapidly  in  ihe 
natural  channels.  The  effect  would  be  an  appreciable  increase  of  the  downstream  seepage 
and  of  the  replenishment  of  the  underground  store.  Moreover,  storm  discharge  may  be 
lessened  by  planting  trees  and  by  protecting  the  watershed  from  fire,  lumbering,  and  grazing, 
thereby  promoting  retention  of  the  water  by  absorption  and  the  increase  of  seepage  run- 
off long  after  the  storms  are  over.  Another  important  loss  of  water  occurs  because  of  faulty 
methods  of  transportation  for  use  in  irrigation.  As  the  need  of  economy  increases  more 
efficient  conduits  will  replace  crudely  constructed  ditches.  Water  thus  saved,  however, 
proportionally  diminishes  the  replenishment  of  the  undei^ound  store.  Loss  also  occurs  by 
allowing  artesian  wells  to  flow  when  the  water  is  not  needed.  Either  the  wells  should  be 
capped  or  the  flow  at  least  be  partly  checked  when  water  is  not  used,  or  it  should  be 
collected  in  reservoirs. 

The  abundance  of  water  in  the  lowlands  and  a  dearth  of  it  in  the  uplands,  where  the  soil 
is  generally  fertile,  free  from  alkali,  and  well  adapted  to  the  growth  of  fruit,  suggest  that  c 
more  efficient  application  of  the  available  water  supply  should  be  practiced.  Because  of  the 
scarcity  of  the  underground  supply  on  the  uplands  and  the  possibility  of  distributing  creek 
water  there  by  high-level  canals,  and  since  there  is  not  enough  water  in  the  creeks  to  directly 
serve  both  the  uplands  and  lowlands,  it  would  iappear  that  steps  should  be  taken  to  increase 
the  upland  supply  from  the  creeks  and  to  use  wells,  either  flowing  or  pumped,  in  developing 
the  lowlands.  The  popularity  of  pumping  plants  in  irrigation  elsewhere,  the  proximity  of 
underground  water  to  the  surface  in  the  lowlands,  and  the  availability  of  electric  power 
that  can  be  developed  in  the  adjacent  canyons  are  facts  favorable  to  the  proposed  change. 
Moreover,  seepage  from  the  greater  use  of  creek  wat<jr  on  the  uplands  will  increase  the  avail- 
able underground  supply  in  the  lowlands.  The  upland  water  supply  may  also  be  increased 
by  the  development  of  springs,  by  tunneling  into  the  mountains,  and  possibly  by  the  con- 
struction of  subsurface  dams  and  infiltration  galleries  at  favorable  localities. 

More  attention  should  be  given  to  developing  and  preserving  a  pure  water  supply  for 
domestic  purposes.  Surface  streams  should  be  protected  from  pollution,  and  care  should  be 
taken  to  reduce  to  a  minimum  the  contamination  of  water  in  wells  by  using  modem  methods 
in  the  disposal  of  household  refuse.  The  common  location  of  the  towns,  near  the  base  of 
the  mountains,  where  sufficient  amounts  of  pure  water  are  generally  available  either  from 
creeks  or  springs  renders  the  problem  of  public  water  supply  relatively  simple;  yet  it  is  a 
remarkable  fact  that  only  a  few  towns  utilize  their  opportunities. 

OCCURRENCE  OF  UNDERGROUND  WATER. 

WEST  OF  JORDAN  RIVEE. 
DIVISIONS  OF   AREA. 

The  area  west  of  Jordan  River  within  the  region  covered  by  this  report  is  naturally 
divided  into  two  parts.  One  is  the  lowland  which  extends  from  Great  Salt  Lake  eastward 
to  Jordan  River  and  thence  continues  in  a  narrow  belt  southward,  adjacent  to  the  river; 
the  other  is  the  upland  which,  from  the  southern  and  western  border  of  the  lowland,  extends 
with  increasing  elevation  to  the  base  of  the  Oquirrh  Mountains.  No  sharp  line  of  division 
can  be  drawn  between  these  areas,  for  they  grade  into  each  other,  yet  on  the  whole  they 
are  distinct.  The  distribution  of  underground  water  in  the  two  areas  also  is  distinct,  a 
convenient  line  of  separation  being  that  which  marks  the  boundary  between  flowing  and 
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nonflowing  weHs.  As  shown  by  PI.  VII,  this  ]ine  lie^  close  to  the  Jordan  in  the  southern 
part  of  its  course,  but  across  the  river  from  Murray  takes  a  westward  turn,  and,  following 
the  base  of  the  upland,  extends  to  Great  Salt  Lake  at  the  northern  base  of  the  Oquirrh 
Mountains.  This  line  also  roughly  marks  the  boundary  between  shallow  and  deep  ground 
water.  In  the  lowland  area  ground  water  is  abundant  and  generally  lies  within  10  feet  of 
the  surface,  while  on  the  upland  water  is  generally  scarce  and  is  found  only  at  a  depth  of 
over  50  feet. 

UPIJIND  AREA    WEST  OP   JORDAN   RIVER. 

In  general  the  upland  has  the  aspect  of  a  rolling  plain  which  gradually  rises  to  the  base 
of  the  mountains,  but  in  detail  the  plain  is  varied  by  the  presence  of  benches  and  escarp- 
ments, relics  of  Lake  Bonneville  and  of  a  few  drainage  ways  that  have  incised  channels 
acitxss  the  plain.  Locally,  especially  at  the  northern  end  of  the  Oquirrh  Mountains  and  at 
the  Narrows,  where  Jordan  River  flows  through  the  Traverse  Mountains,  the  shore  lines 
of  Lake  Bonneville  are  unusually  well  marked.  Different  stages  of  the  lake's  history  are 
recorded  by  a  series  of  distinct  benches,  which  descend  one  below  another  from  the  Bonne- 
ville level:  at  Jordan  Narrows,  for  instance,  no  less  than  ten  periods  of  pause  in  the  lake 
level  are  thus  recorded.  Shore  phenomena  in  general,  however,  are  less  prominently 
marked  on  the  western  margin  of  Jordan  Valley  than  on  the  eastern,  adjacent  to  the 
Wasatch  Moimtains. 

Bingham  Creek  is  the  only  perennially  flowing  stream  which  runs  for  any  considerable 
extent  across  the  plain,  though  Butterfleld  Creek  flows  for  a  short  distance  after  it  emerges 
from  the  mountains  southwest  of  the  town  of  Ilerriman.  This  area  is  also  traversed  by  a 
number  of  arroyos  which  contain  water  only  for  a  few  days  after  storms  and  during  the 
time  of  rapidly  melting  snow.  The  Utah  and  Salt  Lake  and  the  South  Jordan  canals, 
carrying  water  from  the  upper  part  of  Jordan  River,  extend  along  the  eastern  border  of 
the  upland  and  supply  irrigation  water  to  a  narrow  l^elt.  Above  the  upper  canal  the  area 
is  desert  and  practically  uninhabited,  except  for  the  town  of  Ilerriman  and  a  few  scattering 
ranches  which  obtain  local  supplies  of  water.  The  Utah  Lake  project  of  the  Reclamation 
Service  plans  to  make  available  for  irrigation  a  belt  from  2  to  4  miles  wide  west  of  the  Utah 
and  Salt  Lake  canal,  but  a  laiige  part  of  this  upland  area  west  of  Jordan  River  has  too  great 
an  elevation  to  be  cheaply  irrigated  from  Jordan  River.  Some  amelioration  of  the  present 
arid  conditions  may  be  efl'ected  by  constructing  reservoirs  at  the  base  of  the  mountains, 
but  the  collecting  area  is  small  and  no  very  extensive  additions  to  the  water  supply  are 
likely  to  be  derived  from  this  source.  More  or  less  dry  farming  is  already  practiced  here. 
The  land  is  fertile,  is  practically  free  from  alkali,  and  because  of  its  location  would  be  very 
valuable  if  an  adequate  supply  of  water  could  be  obtained.  Unfortunately,  so  far  as 
known,  underground  water  conditioas  afford  little  pros])ect  of  a  large  supply  from  that 
source,  though  valuable  quantities  can  locally  be  recovered. 

This  upland  area  is  largely  underlain  by  gravel  and  sand,  and  along  the  base  of  the  moun- 
tains coarse  gravel  predominates.  The  material  was  derived  from  the  disintegration  of 
the  adjacent  highlands  and  mostly  deposited  offshore  in  the  ancient  lake.  The  constitu- 
ents have  been  worked  over  and  sorted  during  the  different  stages  of  the  lake's  history, 
both  by  wave  action  and  by  subaerial  influences,  so  that  the  resulting  material  is  hetero- 
geneous both  as  to  its  composition  and  arrangement. 

Drills  have  recorded  only  to  a  very  limited  extent  the  nature  of  the  depasits  that  underlie 
the  surface.  Judging  from  the  records  and  from  conditions  elsewhere,  it  is  probable  that 
bed  rock  lies  not  far  from  the  surface  contiguoiLs  to  the  base  of  the  mountains,  and  that  at 
a  distance  from  the  highland  bed  rock  lies  at  a  considerable,  though  unknown,  depth. 
Nearer  the  mountains  the  unconsolidated  valley  filling  is  doubtless  of  coarser  texture 
than  farther  away,  and  it  is  likely  that  the  materials  are  arranged  lenticularly  rather  than 
in  continuous  beds.  That  portion  of  the  slight  precipitation  on  the  low,  small  watershed 
of  the  Oquirrh  and  Traverse  mountains  that  is  not  evaporated  or  does  not  join  the  permanent 
niiHoff  is  absorbed  by  the  porous  deposits.     Under  the  influence  of  gravity  the  water 
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penetrates  downward  until  a  relatively  impervious  layer  is  reached,  when  it  tends  to 
spread  laterally  and  to  slowly  move  toward  a  lower  level,  at  the  same  time  filling,  to  a 
greater  or  less  extent,  the  voids  in  the  overlying  material. 

In  the  greater  part  of  the  area  occupied  by  Lake  Bonneville  bed  rock  is  so  deeply  covered 
by  valley  deposits  that  it  is  impracticable  to  recover  the  water  contained  in  it;  but  along 
the  border  of  the  old  lake,  where  the  rock  outcrops,  water  is  obtained  from  tunnels  in  a 
number  of  places.  In  the  development  of  the  Bingham  mines  more  or  lp33  water  has  been 
encountered,  and  the  town  is  supplied  from  mine  tunnels.  Water  has  also  been  found  in 
two  tunnels  constructed  for  mining  purposes  near  the  base  of  the  mountains.  The  Butter- 
field  tunnel,  in  Butterfield  Canyon,  a  few  miles  west  of  Herriman,  encountered  considerable 
water,  which  has  caused  some  litigation.  After  the  construction  of  the  tunnel  a  number 
of  springs  tributary  to  Butterfield  Creek  ceased  to  flow,  and  suit  was  brought  against  the 
mining  company  by  the  inhabitants  of  Herriman.  Apparently  the  source  of  the  springs 
was  tapped  by  the  tunnel,  and  judgment  was  awarded  against  the  mining  company.  The 
I>alton  and  Lark  tunnel,  west  of  the  town  of  Ijark,  struck  water  in  the  spring  of  1903. 
The  tunnel  was  driven  5,000  feet  through  igneous  nx'k  before  the  water  was  found.  It 
occurs  in  quartzite  that  is  reported  to  be  much  broken  and  fissured.  The  supply  was 
estimated  at  first  to  be  2,500  gallons  a  minute,  but  in  the  summer  of  1904  this  had  decreased 
to  about  1,500  gallons,  most  of  which  was  used  for  irrigation  at  a  ranch  about  2  miles  east 
of  the  mouth  of  the  tunnel.  The  quantity  is  reported  to  be  greatest  shortly  after  the 
time  of  melting  snow,  thus  indicating  the  source.  The  experience  of  these  tunnels  indi- 
cates in  general  what  may  be  expected  by  driving  into  the  Oquirrh  Range. 

Springs  of  greater  or  less  magnitude  occur  in  a  number  of  places  along  the  base  of  the 
mountains.  These  are  either  supplied  by  seepage  or  by  water  from  a  deeper-seated  source. 
In  Rose,  Butterfield,  and  Bingham  canyons  a  number  of  springs  occur,  which  help  main- 
tain the  flow  of  the  streams.  Also  at  irregular  intervals  along  the  border  of  the  upland 
there  are  springs  which,  in  general,  supply  only  a  few  gallons  a  minute.  A  conspicuous 
locality  is  in  the  northwestern  part  of  T.  2  N.,  R.  2  W.,  where  a  local  area  of  shallow  ground 
water  occurs.  Along  the  northern  base  of  the  Oquirrh  Range  there  is  a  group  of  laiige 
springs,  which  occur  in  notable  alignment  and  apparently  are  associated  with  a  fault.  The 
water  issues  from  unconsolidated  debris  and  is  slightly  wann  and  brackish.  Tlie  springs 
have  an  elevation  of  only  a  few  feet  above  the  lake,  however,  and  are  too  low  to  be  of  much 
service  without  pumping.  Analysis  of  one,  known  as  the  Jap  Pond,  shows  a  content  of  1 14 
grains  per  gallon  of  dissolved  salts,  chiefly  sodium  cliloride.  The  total  dischai^ge  of  9  of 
these  springs  in  April,  1905,  amounted  to  8.5  second-feet,  and  it  is  reported  that  the  flow 
remains  practically  constant  throughout  the  year. 

On  the  upland,  between  the  base  of  the  mountains  and  the  canals,  the  little  undei^ground 
water  that  is  recovered  is  obtained  from  wells,  but  in  this  entire  region,  with  very  few 
exceptions,  ground  water  lies  over  50  feet  beneath  the  surface.  A  few  wells  have  been 
sunk  on  the  upland  away  from  the  lines  of  surface  drainage,  and  in  general  they  have  been 
failures.  The  most  successful  wells  are  along  the  courses  of  creeks  and  arroyos,  and  future 
search  may  be  carried  on  with  the  best  prospect  by  following  these  drainage  ways  where 
the  water  tends  to  accumulate. 

Development  in  Bingham  Canyon  illustrates  the  occurrence  of  underground  water 
beneath  a  surface-drainage  way.  More  or  less  placer  mining  has  been  carried  on  in  the 
creek  gravels,  but  near  the  mouth  of  the  canyon,  where  there  is  a  considerable  amount 
of  debris,  work  has  been  seriously  interrupted  by  the  abundance  of  water  beneath  the 
bed  of  the  creek.  It  is  in  such  places,  where  rock  walls  confine  a  narrow  channel,  that 
tests  might  well  be  made. with  the  view  of  constnicting  subsurface  dams  t-o  impound  the 
underflow. 

Below  the  canals  ground  water  lies  nearer  the  surface,  because  of  the  lower  elevation  of 
the  country  and  the  increased  supply  derived  by  seepage  from  the  canals.  Ground  water 
lies  at  a  greater  depth  than  50  feet  only  in  a  narrow  l)elt  below  the  Utah  and  Salt  Lake 
Canal,  and  in  most  of  the  area  between  the  canals  and  the  line  of  flowiDg  wells  groimd  water 
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can  be  obtained  at  10  to  SO  feet  from  the  surface.  The  effect  of  irrigation  on  ground 
wat«r  in  this  area,  as  elsewhere,  is  marked.  Before  irrigation  was  practiced  the  depth 
to  water  was  considerably  greater  than  at  present;  for  instance,  it  is  reported  that  the  aver- 
age level  of  ground  water  in  several  wells  in  T.  2  S.,  R.  1  W.,  now  lies  30  to  65  feet  nearer 
the  surface  than  formerly.  Besides  this  more  permanent  effect,  the  ground-water  level 
fluctuates  annually  from  10  to  15  feet.  It  is  also  stated  that  the  quality  of  ground  water 
has  deteriorated  in  recent  years,  containing  now  much  more  alkali  than  formerly.  So 
marked  has  this  change  be«n  that  surface  wells  are  but  little  valued,  and  generally  water 
for  domestic  use  is  obtained  from  deep  welb. 

Inspection  of  the  list  of  wells  will  show  the  typical  facts  of  distribution  and  occurrence 
of  underground  water  in  this  region.  It  will  b?  observed  that  many  wells  are  about  250 
feet  deep  and  that  the  range  is  from  less  than  100  feet  to  1,000  feet.  No  careful  logs 
have  been  kept,  but  from  fragmentary  information  it  appears  that  there  is  considerable 
variation  in  the  material  encountered  in  drilling,  implying  that  the  sediments  are  irreg- 
ularly sorted  and  that  they  exist  in  more  or  Irss  lenticular  arrangement.  Accordingly 
there  are  no  persistent  water  horizons.  Water  is  generally  found  in  wells  wherever  sand 
and  gravel  are  encountered.  In  several  wells  a  number  of  water  beds  are  recorded.  This 
water  is  always  under  pressure;  the  height  to  which  it  ris^s  varies,  according  to  location 
and  elevation,  from  close  to  the  surface  down  to  100  feet  below  it.  Generally,  fairly  good 
water,  within  easy  pumping  distance,  is  obtainable  in  this  belt  of  country  between  the  canals 
and  the  line  of  flowing  wells. 

At  the  Cannon  farm,  in  spc.  34,  T.  2  S.,  R.  1  W.,  a  well  was  sunk  1 ,000  feet  in  an  attempt 
to  get  a  flow,  but  although  two  thin  watei^bearing  beds  were  found  between  600  and  800 
feet,  from  which  the  water  rose  to  within  30  feet  of  the  surface,  flowing  water  was  not 
obtained. 

LOWLAND  AREA   WEST  OF  JORDAN   RIVER. 

The  lowland  that  lies  topographically  below  the  line  of  flowing  wells  west  of  Jordan 
River  is  almost  a  level  plain  which,  along  its  margin,  rises  gradually  toward  the  southwest. 
Local  depressions  in  the  plain  are  occupied  by  shallow  alkaline  lakes,  which  formerly  had 
no  outlet  but  now  are  drained  into  Jordan  River.  The  soils  of  the  lowland  are  chiefly  loam 
and  sandy  loam,  but  adjacent  to  the  lake  and  in  local  low  areas  considerable  clay  is  present. a 

The  nature  of  the  underlying  deposits  is  revealed  by  a  number  of  well  records,  and  (as 
would  be  expected)  flne-textured  materials  are  more  abundant  than  nearer  the  mountains. 
A  few  deep  wells  have  been  sunk  in  this  general  region,  proving  the  great  thickness  of  the 
old  lake  deposits.  The  deepest  is  the  Guff ey-Galey  well,  drilled  near  the  shore  of  the  lake, 
2  miles  southwest  of  Farmington  and  about  10  miles  north  of  Salt  Lake  City,  in  an  unsuc- 
cessful search  for  oil.  I>  This  well  was  put  down  2,000  feet  without  encountering  bed  rock. 
Another  deep  well  is  that  of  the  Rio  Grande  Western  Railway  at  Salt  Lake  City,  which 
was  sunk  through  alternating  bods  of  sand  and  clay,  with  very  little  gravel,  to  a  depth  -of 
1,073  feet.  This  is  the  deepest  well  in  the  area  under  consideration,  and  it^  record  (p.  42), 
as  given  by  the  driver,  Gus  Westphal,  is  as  follows: 


a  A  8oil  survey  in  Salt  Lake  Valley:  Bull.  U.  S.  Dept.  of  Agriculture  No  M,  IflOO. 
b  Boutwell,  J.  M.,  OU  and  asphalt  prospects  iu  Salt  Lake  basin:  Bull.  U.  S.  Oeol.  Survey  No.  atiO, 
p.  471. 
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Record  of  Rio  Grande  Western  Railivay  Compam/s  weU  at  Salt  Lake  City. 


Thickness 
in  feet. 

Thin  strata  of  clay 

and  sand.. 130 

Clay  and  hardpan. . .  40 

Redsand 30 

Clay  and  hardpan. . .  60 

Gray  sand 5 

Clay  and  sand 44 

8 

20 

....  13 
6 

8 

....  10 

....  18 

....  20 
4 

....  10 

....  12 
5 

....  30 


Sand 

Clay 

Sand 

Hard  clay 

Sand 

Clay 

Sand 

Clay 

Sand 

Clay 

Blue  sand 

Clay 

Blue  sand 

Hard  clay 10 

Sand  and  gravel 1 

Clay 12 

Gravel 4 

Gray  sandy  clay 28 

Tough  blue  clay 30 

Hardpan 3 


Depth  in 
feet. 


1-130 
130-170 
170-200 
200-260 
260-265 
265-309 
309-317 
317-337 
337-350 
350-356 
356-364 
364-374 
374-392 
392-412 
412-416 
416-426 
426-438 
438-443 
443-473 
473-483 
48a-484 
484^96 
496^500 
500-528 
528-558 
558r-561 


Thickness 
in  feet. 

8 

.       40 

40 

2 

16 

.       18 

36 

10 

.       76 


Sand 

Soft  blue  clay 

Sandy  blue  clay .... 

Hardpan 

Sand 

Sandy  gray  clay 

Red  sand 

Gravel 

I  Blue  clay 

I  Clay  and  sand,  altei^ 
nating  every  12  or 

18  inches 84 

j  Hardpan 8 

I  Sand  and  gravel 11 

'  Blue  clay 16 

I  Gray  clay 24 

Sandy  gray  clay 13 

I  Quick  sand 15 

'  Blue  clay 21 

Sandy  blus  clay 11 

Quicksand 10 

1  Gray  clay 11 

Fine  blue  sand 3 

Tough  blue  clay 12 

Hardpan 2 

Fine  sand 21 

Hard  blue  clay 4 


Depth  in 
feet. 

561-569 

56^-^09 

609-^9 

64^-651 

651-667 

667-685 

685-721 

721-731 

731-807 


807-891 

891-899 

899^10 

910-926 

926-a50 

950-963 

963-978 

978-999 

999-1.010 

1,010-1,020 

1,020-1,031 

1,031-1,034 

1,034-1,046 

1,046-1,048 

1,048-1,069 

1,069-1,073 


Although  the  general  composition  of  the  old  lake  deposits  is  known,  not  enough  informa- 
tion has  b?en  accumulated  to  enable  very  definite  statements  to  be  made  oonceming  the 
detailed  distribution  of  the  sediments.  A  comparison  of  available  well  records  shews  that 
the  alternating  bsds  of  sand,  clay,  and  gravel,  generally,  can  not  be  recognized  as  being 
equivalent  in  the  several  wells,  and  from  the  prcssnt  evidence  it  appears  that  while  there 
are  great  thicknesses  of  both  sand  and  clay,  which  must  have  a  more  considerable  lateral 
extent  than  the  beds  nearer  the  mountains,  the  lake  deposits  are  lenticularly  arranged. 
Sine?  no  correlation  has  been  established,  the  structure  of  the  lake  deposits  is  not  known. 
Apparently  they  are  approximately  horizontal,  but  with  a  slight  inclination  toward  the 
Jake  from  the  highlands.  This  is  indicated  by  the  pressure  obtained  in  artesian  wells  and 
is  proved  in  a  few  instances  by  well  records. 

In  the  broad  lowland  west  of  Jordan  River  there  is  an  abundance  of  water.  Throughout 
practially  all  of  this  area  ground  water  lies  within  10  feet  of  the  surface,  and  water  is  con- 
tained in  the  underlying  deposits  down  to  an  unknown  but  considerable  depth.  Apparpntly 
flowing  wells  can  be  obtained  anywhen*  within  this  area.  Although  the  water  is  so  gen- 
erally distributed,  it  is  profitably  recovered  only  from  the  more  porous,  coarser  textured 
deposits  of  sand  and  gravel,  which  constitute  natural  reservoirs  and  in  which  the  water 
moves  more  readily.  Accordingly,  water  is  found  at  several  horizons  in  the  course  of 
sinking  a  deep  well.  In  the  Rudy  well,  for  instance,  1,002  feet  deep,  situated  in  sec.  5,  T. 
1  N.,  R.  1  W.,  25  watt»r  horizons  from  which  surface  flows  were  obtained  are  reported.  A 
record  of  this  well  is  not  available,  but  "good  strong"  flows  besides  minor  ones  were 
recorded,  respectively,  at  400,  508,  685,  753,  and  881  feet. 

Though  water  is  so  abundant,  this  lowland  region  is  thinly  populated,  the  chief  drawback 
to  its  settlement  being  the  presence  of  much  alkali  in  the  soil  over  a  considerable  part  of 


OCOTJRRENCE    OF   TTNDEBGBOUND   WATER.  43 

the  area.  The  Bureau  of  Soils  of  the  United  States  Department  of  Agriculture,  in  coopera- 
tion with  the  Utah  Experiment  Station,  is  at  present  engaged  in  a  demonstration  of  the 
feasibility  of  reclaiming  this  land  on  a  farm  3  miles  west  of  Salt  I^ike  City.  But  by  no 
means  all  of  the  soils  in  this  lowland  areji  contain  excessive  amounts  of  alkali, a  especially 
along  Jordan  River  and  adjacent  to  the  border  between  the  lowland  and  highland  areas 
there  are  thriving  settlements. 

The  map  and  list  of  wells  show  general  conditions. .  The  wells  are  grouped  along  the 
margins  of  the  area,  and  few  are  located  in  the  interior.  In  general  they  are  2  inches  in 
diameter,  but  they  vary  in  depth  greatly.  Although  flows  are  obtained  locally  at  only  30 
feet  below  the  surface,  commonly  they  are  not  encountered  above  150  feet.  Perhaps  the 
average  well  is  between  200  and  300  feet  in  depth.  It  is  a  striking  fact  that  flows  may  be 
obtained  throu^out  the  entire  area  at  similar,  but  not  at  regular  depths,  indicating  only  a 
slight  inclination  of  the  water-bearing  horizons  and  their  lenticular  character.  The  flows 
are  usually  small,  averaging  perhaps  under  5  gallons  a  minute,  though  there  are  a  number 
of  15-gallon  flows.  The  supply  generally  Ls  reported  rather  constant,  except  that  the 
shallower  wells  are  subject  to  seasonal  variation.  The  pressure  obtained,  too,  generally 
is  small,  being.only  enough  to  cause  the  water  to  rise  either  barely  to  the  surface  or  a  few 
feet  above.  In  general  the  pressure  and  the  flow  are  reported  to  increas:^  with  the  depth 
but  measurements  are  not  available.  Both  the  flow  and  the  pressure  are  considerable 
in  the  deep  Rudy  well,  sec.  5,  T.  1  N.,  R.  1  W. 

The  conditions  here  noted  apply  mostly  to  the  areas  contiguous  to  the  eastern  and 
southern  borders  of  the  lowland  west  of  Jordan  River.  Little  information  is  available 
concerning  the  rest  of  this  area  (see  list  of  wells  pp.  59-75.)  The  few  wells  near  Great  Salt 
Lake  were  sunk  to  unusual  depths  before  flowing  water  was  obtained,  this  being  apparently 
due  to  the  greater  development  of  clay  in  that  region,  though  no  complete  logs  have  been  kept. 
The  well  at  the  Inland  Crystal  Salt  Company's  works,  in  which,  at  a  depth  of  560  feet,  water 
was  struck  which  rises  about  9  feet  above  the  surface  and  flows  about  10  gallons  a  minute, 
is  reported  720  feet  deep.  Underground  water  in  the  Pleistocene  deposits  near  the  lake 
contains  considerable  salt. 

EAST  OF  JOXDAK  ETTEB. 

East  of* Jordan  River  the  occurrence  of  underground  water  will  be  described  under 
the  following  heads:  Salt  Lake  City,  lowland  area  south  of  Salt  Lake  City,  and  upland 
area  south  of  Salt  Lake  City. 

SALT  LAKE  CITT. 

Salt  Lake  City  is  built  principally  on  the  floor  of  the  main  valley,  but  its  outskirts 
extend  northward  on  the  old  delta  of  City  Creek  and  eastward  on  the  l)enches  at  the  base 
.  of  the  Wasatch  Mountains.  Adjacent  to  the  highlands  the  underlying  deposits  are  very 
irregular  in  composition  and  distribution,  consisting  of  sand  and  gravel  with  intercalated 
streaks  of  clay.  But  toward  the  valley  proper  the  conditions  become  more  regular  and 
the  prevailing  clay  is  interbedded  with  sand  and  gravel,  though  from  the  records  obtained 
no  definite  sequence  appears  to  be  applicable  to  any  considerable  area. 

In  the  lower  purt  of  the  city  marshy  areas  occur,  but  conditions  there  have  been  much 
improved  since  the  early  days  of  settlement.  Formerly  the  lower  channels  of  City,  Red 
Butte,  Emigration,  and  Parleys  creeks  were  ill  defined  and  at  high-water  stage  the  part 
of  the  city  adjacent  to  Jordan  River  was  a  great  slough.  But  by  erecting  embankments, 
by  confining  the  creeks  to  definite  channels,  and  by  draining  the  western  part  of  the  city 
much  of  the  swampy  land  has  been  reclaimed.  Shallow  ground  water,  except  on  the 
benches,  generally  lies  within  10  feet  of  the  surface. 

The  line  separating  flowing  and  nonflowing  wells  skirts  the  lower  benches,  so  that  in 
the  lai^er  part  of  the  area  occupied  by  the  city  artesian  wells  are  obtained.     Flows  are  found 

«8<ril  surrey  in  Salt  Lake  Valley:  BuU.  U.  S.  Dept.  Agric.  No.  M,  1900.  RedamaUon  of  AlkaU 
aods:  Filth  Kept.  Bureau  of  Soils,  1908,  p.  1144. 
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at  difTerent  hori2:oiis  from  about  50  feet  downward^  a  common  depth  of  wells  being  between 
100  and  300  feet.  The  deepest  well  is  that  of  the  Rio  Grande  Western  Railway  Company 
near  its  station,  the  record  of  which  appears  on  page  42.  This  well  is  4  inches  in  diameter 
and  1,073  feet  deep.  It  was  put  down  in  1895  and  15  horizons  were  passed  through  from 
which  flows  were  obtained.  At  a  depth  of  1,048  feet  the  greatest  flow  occurred,  amounting 
to  78  gallons  a  minute  at  4  feet  above  the  surface  and  to  37.5  gallons  at  25  feet  above. 
The  most  notable  group  of  wells  in  this  vicinity  is  that  put  down  by  Salt  Lake  City  adjoining 
Lil)erty  Park.  There  are  16  or  more  of  these  ranging  from  2  to  9  inches  in  diameter  and 
from  100  to  600  feet  in  depth.  About  half  a  dozen  difl'erent  water-bearing  horizons,  each 
furnishing  a  flow,  are  said  to  have  been  encountered  in  driving  the  wells.  The  greatest 
pressure  reported  caused  the  water  to  rise  in  a  pipe  35  feet  above  the  surface.  Dischaiigc 
measurements,  as  furnished  by  the  city  engineer,  are  given  in  the  following  table: 

Discharge  of  city  t/vZfe  near  Liberty  Parkf  Salt  Lake  City. 


\         Date  of  measurement 

No.  of  I  Diam-  

I  well.      eter.      Aug.  10 
i      1890. 


July  17 
1900. 


Sept.  29, 
1902. 


No.  of    Diam- 
I  well.      eter. 


Date  of  measurement. 


Aug.  10, 
1890. 


July  17 
1900: 


Sept.  29,  t 
1902.      I 


1.. 
2... 
3... 
4... 
5... 
6.. 
7... 
8... 
9... 


Inches. 
9 
9 

8  j 
8 

8| 
2 

2  I 

21 
2  ' 


Gallons.  I 
201.  GOO 
180,000  I 
279,132  ' 


50,040 
14,400 
16,000 
27,000 
54,000 


Gallons. 

120,000 

297,000 

280,000 

215,000 

5,000 

10,000 

1,000 

500 

25,000 


i 


I 


Gallons. 

96,941 

60,588 

302,940 

193,882 

11,459 

•    6.876 

610 

206 

19,784 


I  Inches.   Gallons.  I    Gallons. 


I  10.... 

11.... 
!  12.... 

13.... 
!  14.... 
,  15.... 
1  16.... 


43,200 
33,230  I 
36,000 
54.000  ' 


II 


38,000 
19.000 
16,000 
35,000 
18,000 
98.000 
6.000 


Gallons. 
35,644 
15.892 
14,213 
20,626 
13,316 
36,172 
2.844 


I    997,602       1,183,500     830,993 


I 


In  the  immediate  vicinity  of  these  wells  there  are  a  number  of  springs  whose  supply  is 
maintained  chiefly  by  seepage.  The  combined  flow  from  these  springs  and  wells  is  esti- 
mated to  amount  to  a  maximum  of  2,500,000  gallons  a  day.  In  order  t^  'utilize  this 
supply  in  the  city  mains  a  pumping  plant  would  have  to  be  installed,  and  a  further  din- 
advontage  is  the  doubtful  quality  of  the  water.  At  present  this  source  is  used  for  street- 
sprinkling  and  for  feeding  the  lake  in  Liberty  Park  (PI.  I). 

In  the  northern  part  of  Salt  Lake  City  several  thermal  springs  occur,  the  most  conspic- 
uous of  which  are  the  hot  and  warm  springs.  The  hot  springs  issue  at  a  temperature  of 
about  130°  from  the  Wasatch  limestone  at  the  western  end  of  the  spur  of  the  mountains, 
with  a  dischai^e  of  about  three-fourths  second-foot,a  and  flow  into  Hot  Springs  Lake. 
The  warm  springs  issue  from  unconsolidated  deposits  at  the  base  of  the  spur  about  2  miles 
southeast  of  the  hot  springs.  The  water  is  pumped  to  a  slight  elevation,  from  which  it  is 
piped  to  a  sanitarium,  the  amount  delivered  being  reported  to  average  350  gallons  a  minute. 
The  temperature  is  118°  at  the  springs  and  al)out  100°  at  the  sanitarium.  Several  other 
similar,  but  less  important^  springs  occur,  associated  with  the  great  Wasatch  fault,  along 
the  base  of  the  mountains  l>etween  hot  and  warm  springs. 

The  municipal  water  supply  of  Salt  Lake  City  is  derived  fix)m  mountain  streams  and  dis- 
tributed through  city  mains.  From  this  source  there  is  an  excellent  supply  of  pure  water 
under  good  pressure.  The  chief  near-by  available  streams  are  City,  Red  Butte,  Emigra- 
tion, Parleys,  Mill,  Big  Cottonw(X)d,  and  Little  Cottonwood  creeks.  The  discharges  of 
some  of  these  are  given  on  pages  19-22.  None  of  these  except  City  Creek  is  entirely  cod- 
trolled  by  the  city.  Red  Butte  Creek  is  reserved  for  the  army  post  at  Fort  Douglas,  Emigra- 
tion and  Parleys  creeks  part  ly  contribute  to  the  city  supply , and  the  others  are  used  entirely  for 
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irrigation  and  domestic  pui-poses,  under  water  rights  owned  by  farinere.  In  order  for 
Salt  Lake  City  to  utilize  these  streams  it  must  buy  the  water  rights  or  exchange  with  the 
farmers  an  equivalent  amount  of  water  obtained  either  from  Utah  Lake  or  from  pumping 
plants. 

The  present  public  supply  accordingly  is  obtained  from  City,  Parleys,  and  Emigra- 
tion creeks.  The  watershed  of  City  Creek  is  protected  from  forest  fires  and  from  contam- 
ination, and  many  of  its  springs  are  developed.  The  flow  is  distributed  from  settling  tanks 
near  the  mouth  of  the  canyon  and  from  a  reservoir  on  Capitol  Hill  having  a  capacity  of 
approximately  1,000,000  gallons.  The  surplus  waters  of  City  Creek  are  allowed  to  escape 
through  flood  ditches.  Water  from  Parleys  Creek  to  the  extent  of  81.8  per  cent  of  its  flow 
has  been  obtained  by  Salt  Lake  City  in  exchange  for  an  equivalent  amount  of  water  from 
Utah  Lake  delivered  through  the  Jordan  and  Salt  Lake  City  canal.  A  settling  reservoir, 
holding  somewhat  less  than  1,000,000  gallons  has  been  constructed  at  the  mouth  of  Parleys 
Canyon,  whence  the  water  is  conducted  through  a  concrete  conduit  to  a  storage  reservoir 
with  a  capacity  of  about  5,000,000  gallons  situated  on  Thirteenth  East  street.  An  addi- 
tional supply  is  obtained  from  a  trench  in  the  bed  of  Emigration  Creek  half  a  mile  above 
the  mouth  of  the  canyon.  This  trench  is  approximately  150  feet  long,  10  feet  wide,  and 
18  feet  deep.  It  was  dug  in  saqd  and  gravel  in  the  bed  of  the  creek  and  at  right  angles  to 
its  course.  A  supply  estimated  to  amount  to  1 ,000,000  gallons  a  day  is  thus  obtained,  which 
is  piped  to  the  Thirteenth  East  street  reservoir. 

No  direct  record  is  kept  of  the  amount  of  water  used  by  Salt  Lake  City,  but  discharge 
measurements  of  the  creeks  at  the  mouths  of  the  canyons  show  the  amount  available. 
This  is  insufficient  during  the  dry  months  and  the  use  of  water  is  restricted  to  a  per  capita 
consumption  of  120  gallons  a  day,  although  it  is  considered  desirable,  in  this  dry  climate, 
where  lawns  and  gardens  have  to  be  irrigated,  to  maintain  a  per  capita  supply  of  apprq^^ 
imately  300  gallons  a  day.  It  is  planned  to  obtain  in  the  immediate  future  a  portion  of  the 
flow  of  Big  Cottonwood  Creek,  by  exchanging  therefor  water  from  Jordan  River,  delivered 
through  the  City  canal,  as  is  bemg  done  in  the  case  of  Parleys  Creek,  and  to  make  the  new 
supply  avaihible  by  constructing  a  pipe  line  from  the  mouth  of  Big  Cottonwood  Canyon  to 
the  mouth  of  Parleys  Canyon,  a  distance  of  about  7  miles. 

SOUTH   or   SALT  LAKE   CITY. 

Lcndand  area. — It  will  be  convenient  to  divide  the  area  south  of  Salt  Lake  City  into  a 
lowland  and  an  upland  portion,  taking  as  the  dividing  line  that  which  separates  flowing 
and  nonflowing  wells.  PI.  VIII  shows  that  this  line  extends  contiguous  to,  but  below, 
the  Jordan  and  Salt  Lake  City  canal  as  far  as  Little  Cottonwood  Creek,  after  crossing 
which  it  turns  westward  to  the  flood  plain  of  Jordan  River.  The  lowland  area  is  traversed 
by  Parleys,  Mill,  Big  Cottonwood,  and  Little  Cottonwood  creeks,  which  flow  in  open  valleys, 
with  broad  and  low  intervening  divides.  The  general  aspect  of  the  country  is  that  of  a 
slightly  dissected  plain  that  rises  gently  toward  the  upland  terraces.  This  area  is  relatively 
thickly  populated,  and  intensive  farming  is  widely  practiced. 

The  detailed  character  of  the  underlying  lake  sediments  is  not  satisfactorily  known,  but 
from  the  well  records  conditions  appear  to  be  similar  to  those  found  elsewhere  in  the 
area  under  consideration.  Beneath  the  lowlands  the  stratigraphy  is  more  uniform  than 
nearer  the  base  of  the  mountains;  fine>textured  sediments  arc  more  abundant  than  coarse, 
and  clay  predominates.  But  a  comparison  of  available  well  records  fails  to  establish  a 
correlation  between  the  different  beds  of  sand  and  gravel  throughout  the  lowland.  Well 
drivers  state  that  all  logs  are  different,  and  yet  that,  on  the  whole,  general  sections  persist 
for  certain  areas  in  which  the  differences  are  minor.  It  is  believed  that  the  sediments 
slope  toward  Jordan  River  at  about  the  same  angle  as  does  the  surface.  The  best-defined 
sequence  that  has  been  reported  occurs  immediately  south  of  Salt  Lake  City,  where  in 
general  light-colored  clay  at  the  surface  overlies  blue  clay  ranging  from  30  to  70  feet  in 
thickness,  beneath  which  watei^bearing  sands  and  gravels  occur  at  a  depth  of  about  100 
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feet.  At  greater  depths  the  succession  appears  to  be  more  variable,  but  there  are  few 
satisfactory  well  records. 

Ground  water  now  lies  within  10  feet  of  the  surface  over  practically  the  entire  lowland 
area,  but  it  is  reported  that  in  the  early  days  it  did  not  lie  so  near  over  so  laige  an  area. 
Present  conditions  are  largely  due  to  irrigation.  Several  old  residents  state  that  below 
the  level  of  the  Jordan  River  canals  the  ground-water  surface  has  locally  risen  40  or  50 
feet  since  their  construction.  It  has  already  been  mentioned  that  along  several  of  the 
drainage  ways  seepage  water  reappears  at  the  surface  and  occasionally  forms  considerable 
streams,  as  at  Spring  Creek  near  its  junction  with  Big  Cottonwood  Creek,  where  the  Septem- 
ber flow  is  estimated  to  amount  to  14,000,000  gallons  a  day.  In  many  places  also,  especially 
along  the  bases  of  benches,  lines  of  seep  springs  occur  that  furnish  conaideraUe  flows,  a 
notable  occurrence  being  those  at  the  nursery  in  the  southeastern  part  of  Salt  Lake  City. 
But  loc-ally,  as  along  the  bluff  east  of  Jordan  River,  north  of  the  Bingham  Junction 
smelters,  the  water  appears  at  so  low  an  elevation  as  to  be  of  comparatively  little  use. 
When  pumping  becomes  more  generally  practiced  in  the  valley  this  ground  water  that  lies 
so  near  the  surface  can  be  easily  developed. 

Flowing  wells  in  this  area  are  numerous.-  They  are  generally  2  inches  in  diameter  and 
100  to  400  feet  in  depth,  and  they  commonly  yield  between  20  and  50  gallons  a  minute, 
though  there  are  many  variations.  The  pressure  is  low,  generally  less  than  10  pounds. 
Well  drivers  say  that  their  liest  results  arc  obtained  in  l)elts  extending  northwest  and 
southeast,  parallel  with  the  creeks,  and  that  these  productive  belts  are  separat-ed  by  rela- 
tively barren  ones.  The  water-bearing  sands  and  gravels  apparently  mark  the  courses 
of  old  waterways,  while  finer-textured  material  was  deposited  in  the  intervening  arees 
These  distinctions  have  been  noticed  only  in  the  upper  parts  of  the  lowland  area,  and  near 
the  river  they  are  said  to  disappear.  One  of  the  best  wells  is  at  the  plant  of  the  American 
Smelting  and  Refining  Company  at  Murray.  It  is  4  inches  in  diameter,  400  feet  deep,  and 
is  reported  to  flow  about  400  gallons  a  minute  under  a  pressure  of  3  pounds  per  square  inch. 
The  record  of  this  well  is  given  as  follows,  on  the  authority  of  H.  F.  Ycagcr,  well  driller: 


Record  of  American  Smelting  and  R^ning  Company^ 8  well  at  Murray. 


Thickness 
in  feet. 

Sand  and  gravel 5 

Mud 3 

Sand  and  gravel 4 

Blue  clay 6 

Quicksand 10 

BKie  clay . .  ^ 8 

Loose  sand  and  gravel  (good 

pump  well  at  42  feet) 16 

ilue  clay 8 

Quicksand  (flow  at  63  feet) ...     6 

Blue  clay 18 

Yellow  clay 6 

Loose  sand  and  gravel  (strong 

flow  at  95  feet) 15 

Y'ellow  clay 3 

Coarse  gravel  and  rock  (strong 
flow  at  112  feet,  and  at  this 
point    the    well    at    office 

stopped  flowing) 8 

Coarse  gravel  and  rock 6 

Quicksand 20 

Clay,  very  hard 10 

Quicksand 6 

Gravel  (small  flow  at  165  feet)    1 1 


Depth 

in  feet. 

0-5 

5-8 

8-12 

12-18 

18-28 

28-36 

36-52 
52  60 
60  66 
66-84 
84-90 

90-105 
105-108 


108-116 
116-122 
122-142 
142-152 
152-158 
158-169 


Thickness 
in  feet. 

'  Hard  pan,  very  hard 8 

I  Blue  clay 6 

Quicksand  (flow  at  203  feet)..  20 

I  Quicksand 16 

,  Blue  clay 4 

,  Quicksand 7 

Blueclay 8 

I  Quicksand 18 

I  Blue  clay  and  quicksand  in 

layers  2  feet  thick 22 

Quicksand 8 

Blue  clay,  verj'  hard 12 

River  sand 2 

River  sand 7 

Cemented  gravel 12 

Y'ellow  clay 7 

I  Cemont<»d  gravel 17 

I  Loose  gravel 23 

Yellow  clay 2 

'  Gravel....' 7 

Cemented  gravel 12 

Loose  gravel 12 


Depth 
in  feet. 
169^177 
177-183 
183-203 
203-219 
219-223 
223-230 
230^238 
238-256 

256-278 
278-288 
2^:6-298 
298-300 
300  307 
307-319 
319-326 
326-343 
343-366 
366-368 
368-375 
375  387 
387-399 


OCCURRENCE    OF    UNDERGROUND    WATER.  47 

Decrease  in  flow  and  complete  failure  of  some  wells  are  reported  throughout  this  area 
and  are  especially  apparent  in  the  vicinity  of  Murray.  These  results  are  difectly  traceable 
to  the  increased  number  of  wells  that  have  been  sunk  in  recent  years  and  to  the  fact  that 
little  economy  is  exercised  in  the  use  of  the  water.  Well  owners  should  more  fully  realize 
that  the  limited  water  supply  comes  from  a  common  source,  that  the  wastefulness  of  one 
counteracts  the  prudence  of  another,  and  that  the  common  interest  of  all  demands  that 
the  supply  be  conserved. 

Upland  area. — ^The  upland  south  of  Salt  Liake  City  includes  the  area  lying  between  the 
base  of  the  Wasatch  and  Traverse  mountains  and  the.  area  in  which  flowing  wells  can  be 
obtained.  This  region  is  characterized  topographically  by  the  abundance  and  perfection 
of  development  of  shore  phenomena  which  mark  different  stages  in  the  history  of  Lake 
Bonneville.  As  on  the  western  side  of  the  valley,  the  upland  is  in  general  a  plain  that 
rises  toward  the  base  of  the  mountains,  but  is  interrupted  by  benches  and  escarpments 
and  deeply  cut  by  the  creeks  flowing  from  the  Wasatch  Mountains. 

The  Bonneville  terrace  extends  along  the  mountains  like  a  narrow  shelf,  its  horizontal 
lines  contrasting  strongly  with  the  deep,  vertical  furrows  on  the  mountains.  Broad  deltas 
formed  by  the  lai^r  creeks  at  the  Provo  stage  extend  down  to  the  lowlands,  and  successive 
escarpments  mark  halting  places  in  the  retreat  of  Lake  Bonneville.  The  most  prominent 
of  all  the  shore  phenomena  in  the  area  covered  by  this  report  is  the  great  embankment  at 
the  point  of  the  mountains  east  of  Jordan  Narrows.  Here  the  waves,  gaining  energy  from  the 
wide  expanse  of  the  old  lake,  carved  a  great  sea  cliff  against  the  mountains  and  distributed 
the  debris  to  form  an  enormous  accumulation  of  sand  and  gravel. 

IVominent  local  features  of  this  upland  belt  are  the  relics  of  glaciers  adjacent  to  the  mouth 
of  Little  Cottonwood  Canyon  and  the  evidences  of  recent  faulting  along  the  base  of  the 
mountains.  Little  Cottonwood  Creek  in  Pleistocene  time  was  occupied  by  a  glacier  which 
carved  a  broad  U-shaped  valley  and  deposited  lateral  and  terminal  moraines  composed  of 
a  heterogeneous  mass  of  coarse-  and  fine-textured  debris.  Along  the  entire  front  of  the 
Wasatch  Mountains  Gilbert  has  found  indications  of  recent  dislocation  associated  with  the 
great  Wasatch  fault.  The  evidence  is  varied,  but  escarpments  in  unconsolidated  material 
breaking  the  even  trend  of  alluvial  slopes  are  conspicuous. 

The  underlying  deposits  of  the  upland  are  mostly  coarse  textured,  being  near  their  origin, 
and  consist  chiefly  of  sand  and  gravel.  The  creeks,  where  they  have  cut  deeply,  expose 
good  sections,  but  few  deep-well  records  were  obtained. 

This  region  in  general  is  thinly  populated,  but  where  water  is  available  there  are  settlements, 
and  wherever  the  canals  extend  there  are  thriving  farms.  The  contrast  between  the 
flourishing  area  which  is  supplied  with  water  and  the  dry,  barren  region  is  striking.  The 
map  shows  the  distribution  of  the  principal  canal  systems,  which  are  supplied  by  the  several 
creeks  that  flow  from  the  Wasatch  Mountains  and  by  Jordan  River.  Underground  water 
is  used  only  to  a  limited  extent.  PI.  VI  and  the  list  of  wells  illustrate  conditions.  Undei^ 
ground  water  is  recovered  chiefly  in  the  lower  (western)  part  of  the  upland,  where  it  lies  at 
dept4is  ranging  from  the  surface  to  50  feet  below.  In  this  productive  area  both  dug  and 
driven  wells  are  used.  The  driven  wells  are  commonly  50  to  200  feet  in  depth,  and  water 
is  generally  found  beneath  a  bed  of  clay  in  sand  or  gravel  under  sufficient  pressure  to  cause 
it  to  rise  within  pumping  distance  of  the  surface. 

In  the  eastern  part  of  the  upland  area  ground  water  generally  lies  at  a  greater  depth  than 
50  feet  below  the  surface,  and  in  a  number  of  places  has  not  been  found  in  test  wells  over 
100  feet  deep.  In  this  (eastern)  division  of  the  upland,  where  the  greater  part  of  the  valley 
deposits  are  coarse  textured,  the  ground  water  sinks  deep  before  a  relatively  impervious 
bed  is  encountered,  and  then  it  tends  to  move  to  the  lower  part  of  the  valley.  Away  from 
the  influence  of  seepage  from  the  creeks  little  water  is  supplied  to  this  area.  Between  the 
creeks  the  thief  source  of  supply  is  seepage  from  the  mountains.  The  most  likely  localities 
for  sinking  wells  are  along  the  courses  of  waterways,  but  over  a  large  part  of  the  upland  the 
prospect  is  poor  for  obtaining  underground  water  in  quantity  within  easy  reach  of  the  sur< 
face.     In  the  mouths  of  the  canyons  there  is  the  chapce  of  developing  the  underflow  by 
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subsurface  dams  or  by  tunnels,  mentioned  on  page  40.  Other  favorable  localities  for  pros- 
pecting are  adjacent  to  the  base  of  the  mountains,  where  water  may  be  had  by  developing 
springs  and  by  tunneling  into  the  bed  rock. 

Seep  springs  occur  at  several  localities  along  the  base  of  the  mountains  south  of  Salt  Lake 
City,  the  most  important,  p>erhaps,  being  those  about  midway  between  Mill  and  Big  Cotton- 
wood canyons.  The  feeble  springs  there  issuing  from  sand  and  gravel  were  formerly  allowed 
to  go  to  waste,  but  by  developing  them  a  flow  of  about  2  second-feet  was  obtained,  and  a 
considerable  tract  of  land  thus  became  available  for  agriculture.  About  4  miles  southwest 
of  the  town  of  Draper,  in  sec.  12,  T.  4  S.,  R.  1  \/.,  at  some  distance  from  the  base  of  the 
mountains,  there  are  four  warm-water  lakes  that  are  fed  by  springs,  some  of  which  are  said 
to  be  quite  hot.  The  westernmost  of  the  group  is  the  largest  and  covers  an  area  of  about  5 
acres.     The  temperature  is  reported  to  remain  at  about  70°  the  year  round. 

Since  underground  water  is  so  scarce  beneath  the  upland,  the  most  efficient  manner  of 
developing  this  area  appears  to  be  by  the  use,  as  suggested  above  (p.  38),  of  creek  water  in 
high-level  canals  to  a  greater  extent  than  is  now  practiced. 

UTAH  LAKE  YALLET. 

The  following  description  of  the  occurrence  of  underground  water  in  the  valley  of  Utah 
Lake  begins  at  the  north  and  proceeds  east,  south,  and  west  around  the  lake,  the  several 
towns  affording  subheadings  for  convenient  reference.     (PI.  Vlll.) 

LBHI   AND   VICINITI'. 

Lehi  is  situated  in  the  main  valley  at  some  distance  from  the  distinct  terraces.  Dry 
Creek  lies  adjacent  to  the  town,  but,  as  its  name  signifies,  the  creek,  after  supplying  a  num- 
ber of  irrigation  ditches,  usually  carries  little  or  no  water  in  its  lower  course.  There  is  no 
public  water  s3rstem  in  the  town,  and  the  supply  for  domestic  purposes  is  derived  from 
numerous  wells.  A  few  shallow  dug  wells  tap  ground  water  at  depths  of  5  to  30  feet,  but 
the  majority  are  deeper  and  reach  water  under  pressure.  The  sugai^plant  mill  pond  is  fed 
by  springs  and  is  an  important  local  source  of  supply. 

Lehi  was  one  of  the  first  towns  where  artesian  water  was  found  in  the  Bonneville  area, 
flowing  wells  having  been  obtained  there  about  1880.  Formerly  a  feeble  first  flow  was 
found  in  gravel  about  60  feet  from  the  surface  and  a  stronger  supply  at  a  depth  of  about 
160  feet,  but  in  recent  years  flows,  even  from  the  second  horizon,  have  failed  during  part 
of  the  season  in  consequence  of  the  increased  use  of  artesian  wells  in  the  area  nearer  the 
lake,  and  at  times  pumping  has  to  be  resorted  to.  However,  when  water  does  not 
actually  flow  it  rises  in  the  wells  to  within  a  few  feet  of  the  surface. 

The  general  section  in  the  vicinity  of  I^ehi,  as  reported  by  H.  C.  Comer,  shows  blue  clay 
to  a  depth  of  50  or  60  feet.  Below  this  is  the  first  w^ater  bed,  consisting  of  about  HO  feet 
of  sand  and  gravel,  separated  from  the  second  water  horizon  by  40  feet  of  light  clay.  This 
section  does  not  apply  in  the  eastern  part  of  the  town,  where  the  log  of  the  San  Pedro  Rail- 
road well  shows  coarse-textured  material  within  100  feet  of  the  surface.  In  this  well  the 
main  supply  is  derivtd  from  a  depth  of  330  feet,  the  water  rising  to  within  a  few  feet  of  the 
surface.     These  two  logs  illustrate  the  variability  of  adjacent  sections. 

The  Utah  Sugar  Company's  plant  at  Lehi  has  several  2-inch  wells,  and  the  following  flows 
in  gallons  per  minute  are  reported:  80  feet,  15  gallons;  120  feet,  25  gallons;  150  feet,  20 
gallons.  Logs  of  these  wells  were  not  kept.  The  Rio  Grande  Western  Railway  well  near 
the  sugar  factory  is  3  inches  in  diameter  and  165  feet  deep.  Tlie  water  is  reported  to  rise 
in  a  pipe  to  a  point  30  feet  alx>vc  the  surface  and  to  flow  about  50  gallons  a  minute  at  the 
level  of  the  ground. 

Toward  Utah  Lake,  below  Lehi,  there  is  a  considerable  development  of  flowing  wells 
from  which  a  number  of  square  miles  are  irrigated.  In  tliis  district  there  are  several 
hundred  flowing  wells  which  average  about  150  feet  in  depth.  A  close  relationship  has 
been  established  between  the  flow  of  the  wells  in  the  fields  below  Lehi  and  those  in  town. 


OCCURRENCE    OF    UNDERGROUND    WATER.  49 

During  the  irrigation  season,  when  the  field  wells  are  all  flowing,  those  in  Lehi  practically 
stop,  but  during  the  winter  it  is  a  general  custom  to  plug  the  wells  used  for  irrigation,  after 
which  those  in  town  begin  to  flow.  Measurements  have  not  been  made,  but  the  general 
facts  are  well  established. 

Northwest  of  Lehi  the  line  separating  the  areas  of  flowing  and  uonflowing  wells  continues 
to  Jordan  River,  reaching  it  3  to  4  miJes  north  of  Utah  Lake.  The  line  extends  about  half 
a  mile  west  of  the  river  and  approaches  close  to  the  northwest  comer  of  the  lake  near  Sara- 
toga Springs.  In  the  flood  plain  of  Jordan  River  flows  can  probably  be  obtained  continuing 
into  Salt  Lake  Valley,  but  outside  of  the  line  indicated  the  surface  elevation  is  too  great. 

The  Salt  Lake  City  authorities,  about  1890,  sank  a  number  of  wells  in  the  flood  plain  of 
Jordan  River  in  sec.  12,  T.  5  S.,  R.  1  W.,  with  the  object  of  increasing  the  supply  of  the 
Jordan  and  Salt  Lake  Canal.  These  wells,  about  130  in  number,  were  mostly  2  inches  in 
diameter,  though  a  few  were  6  inches,  and  are  said  to  average  100  feet  deep.  Clay  was 
encountered  down  to  the  bottom  of  the  wells,  which  were  in  gravel.  It  is  stat<?d  that 
water  rose  in  pipes  30  to  40  feet  above  the  surface,  and  that  individual  wells  flowed  125 
gallons  a  minute.  It  is  also  stated  that  the  combined  flow  amounted  to  3,000,000  gallons 
a  day.  These  wells  soon  interfered  with  neighboring  ones,  stepping  their  flow,  and  suit 
was  brought  against  the  city,  with  the  result  that  the  municipality  was  compelled  to  plug 
up  its  wells.  After  these  had  been  plugged  for  some  time  a  number  of  them  were  tempo- 
rarily opened,  and  in  about  twenty-four  hours  thereafter  the  water  in  one  of  the  wells,  the 
flow  of  which  was  interfered  with,  situated  about  half  a  mile  above  the  city  wells,  had  fallen 
2\  feet.  The  city  wells  were  then  capped  again  and  in  five  hours  the  water  in  the  well 
referred  to  had  regained  7  inches  of  its  lost  level. 

Near  the  northwestern  end  of  Utah  Lake  there  is  a  group  of  hot  springs  which  occur  both 
on  shore  and  in  the  lake.  On  the  shore  there  are  several  springs  which  support  the  Saratoga 
resort  where  the  water,  having  a  temperature  of  IIP,  issues  through  the  lake  deposits  and 
is  used  for  bathing  and  to  a  limited  extent  for  irrigation.  In  the  summer  of  1904,  during 
the  survey  of  Utah  Lake  by  G.  L.  Swendsen  of  the  Reclamation  Service,  three  groups  of 
springs  were  found  beneath  the  water  of  the  lake.  Their  existence  was  shown  by  the  pres- 
ence of  depressions  occupjring  areas  of  100  square  feet  to  3  acres  in  extent  and  having  depths 
of  20  to  80  feet.  Since  the  prevailing  depth  of  the  lake  is  much  less  and  the  bottom  is  com- 
posed of  slimy  mud,  a  considerable  discharge  is  thus  indicated.  Hot  water  that  flowed 
above  the  lake  surface  was  obtained  by  sinking  pipes  a  short  distance  into  the  bottom. 

About  5  miles  up  Dry  Creek  from  Lehi  is  the  town  of  Alpine,  located  near  the  mouth  of 
the  canyon  on  the  dissected  Bonneville  terrace.  The  settlement  is  supplied  with  water 
from  irrigation  ditches,  and  possibly  not  more  than  half  a  dozen  wells  have  been  sunk. 
These  are  25  to  80  feet  deep,  and  the  water  level  is  reported  to  vary  considerably  between 
winter  and  siunmer.    Springs  occur  in  Dry  Creek  Canyon,  but  they  have  not  been  developed. 

AMERICAN   FOBK,  PLEASANT   GROVE,  AND   VICINITY. 

The  towns  of  American  Fork  and  Pleasant  Grove  receive  their  main  water  supplies, 
respectively,  from  American  Fork  and  from  Battle  and  Grove  creeks.  These  streams 
feed  a  number  of  irrigation  canals,  and  are  the  chief  source  of  underground  water  in  this 
rianity.     (PI.  IX,  B.) 

American  Fork  is  built  at  the  base  of  a  series  of  terraces  on  both  sides  of  American 
Fork  (creek),  which  has  cut  a  narrow  channel  through  the  old  lake  deposits.  Ascending 
the  valley  from  American  Fork,  five  distinct  terraces  can  be  traced  up  to  the  broad  Provo 
bench,  between  which  and  the  Bonneville  level,  which  forms  a  shelving  bench  against  the 
mountains,  traces  of  shore  lines  of  pre-Bonneville  age  have  been  reported.  In  its  lower 
course  American  Fork  is  dry  throughout  most  of  the  year  in  consetjuenc^*  of  the  draft 
upon  its  waters  for  the  canal  system  which  supplies  the  uplands. 

Shallow  wells  in  American  Fork  are  commonly  less  -than  50  feet  in  depth,  averaging 
possibly  25  to  30  feet,  and  the  ground-water  level  is  reported  to  vary  10  to  15  feet  between 
the  winter  minimnm  pad  summer  maximum.  The  water  generally  is  found  in  gravel. 
IBB  157—06 4 


50  UNDERGBOUND    WATER   IN    VALLEYS    OF   UTAH. 

Deep  wells  have  been  sunk  in  the  extreme  southwestern  part  of  the  town  in  search  of 
flowing  water. .  The  water  rises  in  these  nearly  to  the  surface,  and  furnishes  the  main  sup- 
ply for  domestic  purposes.  Well  records  show  a  variable  succession  of  sand  and  gravel, 
with  comparatively  little  clay.  The  city  well  is  typical,  and  probably,  is  the  deepest  in 
this  vicinity.  It  is  440  feet  deep  and  6  inches  in  diameter.  Two  principal  water  hori- 
zons are  reported,  at  240  and  340  feet,  and  the  water  stands  in  the  well  at  a  depth  of  22 
feet.  An  electric  motor  pump  supplies  water  for  public  purposes,  but  there  is  no  water- 
works system.    Individual  families  or  groups  of  families  maintain  their  own  wells. 

The  line  separating  the  areas  of  flowing  and  nonflowing  wells  as  mapped  between  Lehi 
and  Pleasant  Grove  lies  contiguous  to  the  San  Pedro  Railroad,  and  here,  as  elsewhere, 
ground  water  commonly  lies  within  10  feet  of  the  surface.  Extensive  areas  of  marshy 
land  lie  contiguous  to  the  lake  shore,  where  conditions  have  grown  worse  since  the  intro- 
duction of  irrigation.  The  flowing  wells  in  this  vicinity  vary  in  depth,  but  are  commonly 
about  100  feet  deep.  As  Utah  Lake  is  approached  more  nearly  uniform  conditions  are 
revealed  by  the  logs.  Clay  is  commonly  present  at  the  surface  and  continues  to  a  depth 
of  90  or  100  feet,  below  which  the  water-bearing  gravel  occurs.  In  the  deeper  weUs  alter- 
nating sand,  clay,  and  gravel  are  reported  below  the  first  gravel,  and  flows  are  obtained 
from  every  coarse-textured  bed.  One  of  the  best  wells  in  this  vicinity  is  in  sec.  23,  T.  5 
S.,  R.  1  E.  It  is  147  feet  deep,  2  inches  in  diameter,  and  throws  a  stream  3  feet  8  inches 
above  the  pipe,  having  a  capacity,  therefore,  of  about  150  gallons  a  minut-e. 

A  disturbed  belt  of  rocks,  dipping  eastward,  and  locally  covered  by  debris,  lies  near 
the  foot  of  the  Bonneville  terrace  between  American  Fork  and  Grove  creeks.  Springs 
occur  at  about  this  horizon,  and  prospecting  for  water  in  this  belt,  in  sec.  17,  T.  5  S.,  R. 
2  E.,  has  brought  notable  results.  William  Wadley.&  Sons,  by  tunneling  into  bed  rock, 
have  developed  enough  water  to  irrigate  a  number  of  acres  of  fruit  land,  which  is  bringing 
in  handsome  returns.  Several  tunneb  have  been  dug,  the  most  important  of  which  lies 
about  200  feet  below  the  Bonneville  level  and  was  driven  318  feet  through  black  shale 
into  broken  and  cavernous  gray  limestone,  in  which  the  water  occurs. 

Pleasant  Grove  is  located  on  alluvial  slopes  formed  by  Battle  and  Grove  creeks.  Its 
situation  is  so  high  that  flowing  weUs  can  be  obtained  only  in  the  extreme  lower  part  of 
the  town,  which  depends  for  its  chief  underground  supply  on  wells  from  which  water  has 
to  }je  pumped.  Ground  water  can  usually  be  obtained  at  10  to  50  feet  from  the  surface. 
No  regular  sequence  of  deposits  underlies  the  town,  but  a  variable  succession  of  clay,  sand, 
and  gravel  is  encountered  in  wells,  the  water  horizon  usually  being  underlain  by  clay.  In 
the  southeastern  part  of  Pleasant  Grove  no  successful  wells  have  yet  been  obtained,  though 
prospecting  for  them  has  extended  to  a  depth  of  100  feet:  not  deep  enough  to  find  an 
impervious  stratum.    A  continuous  succession  of  gravel  beds  is  reported. 

The  high,  almost  flat  Provo  delta  between  Pleasant  Grove  and  Provo  is  scantily  pro- 
vided with  water.  The  surface  is  generally  gravel  covered,  and  gravel  is  commonly  found 
in  wells  to  depths  of  30  to  60  feet,  below  which  sand  is  reported.  Only  a  small  amount  of 
clay  appears  to  be  present.  This  tract  of  land  is  well  adapted  for  the  cultivation  of  fruit, 
but  the  present  supply  of  water  is  insufficient  for  its  complete  development.  Water  was 
first  brought  to  the  delta  by  canals  from  Provo  River  in  1868,  and  the  present  supply, 
whereby  a  maximum  diversion  of  alx)ut  1 16  second-feet  is  obtained,  was  established  in  1888. 
Before  irrigation  was  practiced  on  the  bench  the  depth  to  ground  water  was  considerably 
greater  than  it  is  now.  Old  wells  are  over  100  feet  deep,  but  of  late  years  the  ground- 
wat(>r  surface  has  risen  so  that  on  a  large  part-  of  the  area  water  can  be  obtained  in  wells 
averaging  50  to  75  feet  deep.  Toward  the  lower  margins  of  the  bench  the  depths  to  ground 
water  is  less  than  50  feet.  Here,  as  elsewhere  throughout  this  entire  area,  ground  water 
is  lowest  in  the  winter  and  highest  during  the  irrigation  season.  The  annual  variation 
on  Provo  bench  appears  to  range  from  5  to  about  17  feet.  A  few  examples  will  illustrate 
general  conditions.  In  1875  a  dry  well  100  feet  deep  was  dug  in  sec.  14,  T.  6  S.,  R.  2  E. 
In  the  same  section,  during  the  winter  of  1878-79,  N.  Knight  dug  a  well  110  feet  deep  which 
afforded  3  feet  of  water  in  winter  and  15  to  20  feet  in  summer.     In  1899  N.  J.  Knight 
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dug  a  third  well  only  60  feet  deep,  near  the  second,  which  afforded  about  3  feet  of  water 
'  in  winter  and  20  in  summer .fz 

Flowing  weUs  can  not  be  obtained  on  the  bench  because  of  its  elevation,  though  seveml 
attempts  have  been  made,  without  success.  In  1887  and  1888  two  deep  wells  were  driven 
in  the  same. section  as  those  just  referred  to.  The  Colorado  Fish  Company  put  down  a 
3-inch  well  250  feet  deep  and  obtained  water  which  rose  to  within  80  feet  of  the  surface. 
This  was  pumped  for  several  years.  In  1888  Mr.  Knight  drove  a  2-inch  well  300  feet 
deep  in  which  water  rose  to  within  90  feet  of  the  surface.  Both  of  these  wells  are  now 
abandoned. 

From  Provo  to  Pleasant  Grove  along  the  narrow  belt  of  lowland  lying  between  Provo 
bench  and  Utah  Lake  there  is  an  abundance  of  undei^ound  water.  The  line  that  sepa- 
rates flowing  and  nonflowing  wells  coincides  approximately  with  the  San  Pedro  Railway, 
which  also  marks  roughly  the  upper  limit  of  the  area  in  which  ground  water  lies  within 
10  feet  of  the  surface.  Between  the  railroad  and  the  base  of  the  bench  few  wells  have 
been  driven  and  little  is  known  of  the  conditions,  but  it  is  thought  that  water  can  be 
obtained  at  depths  of  10  to  SO  feet. 

Contiguous  to  the  railroad  a  number  of  feeble  seep  springs  occur  along  the  base  of  a 
low  blulT  between  which  and  the  lake  the  ground  is  almost  flat.  Water  occurs  on  the 
surface  in  many  places,  rendering  the  land  unfit  for  use.  Before  irrigation  was  so  exten- 
sively practiced  it  is  reported  that  this  lowland  belt  was  fertile  farming  land,  but  in  late 
years,  due  to  the  rise  of  the  ground-water  level,  the  land  has  materially  decreased  in  value. 
Considerable  areas  of  available  land,  however,  are  yet  to  be  found  in  this  area,  and  flowing 
wells  are  used  to  irrigate  several  hundred  acres.  Conditions  can  be  much  improved  by 
drainage.  The  map  and  list  of  wells  show  the  general  conditions.  The  deep  wells  in 
this  belt  average  slightly  ovor  100  feet  and  generally  are  2  inches  in  diameter.  North 
of  Provo  River  the  yield  is  inconsiderable,  averaging,  possibly,  less  than  15  gallons  a  minute 
per  well;  but  in  the  vicinity  of  Geneva,  a  resort  on  the  lake  below  Pleasant  Grove,  the 
effect  of  Battle  Creek  drainage  is  experienced,  and  some  of  the  strongest  wells  of  the  entire 
area  covered  by  this  report  occur.  Harry  Gammon's  wells,  in  sec.  7,  T.  6  S.,  R.  2  E.,  arts 
among  the  best.  One  of  these  is  3  inches  in  diameter,  110  feet  deep,  and  yields  a  flow  of 
about  266  gallons  a  minut«,  the  water  rising  in  a  pipe  to  approximately  28  feet  above  ttie 
surface.  The  section  in  this  vicinity  is  shown  on  PI.  V,  the  water  occurring  in  gravel  in 
the  bottom  of  the  well. 

PHOVO   AND   VICINITY. 

Provo  derives  ita  water  supply  from  Provo  River.  A  number  of  canals  tap  the  river 
(as  shown  on  the  map,  PI.  VIII),  and  distribute  a  good  supply  to  the  town;  and  water 
for  household  purposes  is  delivered  through  city  mains  from  a  direct  source  in  the  river 
near  the  mouth  of  the  canyon.  The  quality  is  unsatisfactory,  however,  and  a  new  system 
is  being  installed  whereby  a  better  supply  is  obtained  from  a  number  of  springs  that  issue 
from  unconsolidated  debris  along  the  base  of  the  canyon  for  several  miles  above  its  mouth. 

Well  records  show  fairly  uniform  stratigraphic  conditions  about  Provo.  Gravel  usually 
underlies  the  surface  to  a  depth  of  from  10  to  20  feet,  and  is  succeeded  by  20  to  30  feet  of 
sand,  below  which  is  a  considerable  thickness  of  clay,  averaging  possibly  100  feet,  the 
upper  20  or  30  feet  of  which  is  yfeUowish  and  the  lower  part  blue.  Underlying  the  clay  a 
bed  of  gravel  occurs,  which  is  said  to  be  underlain  by  clay,  though  about  Provo  it  has  sel- 
dom been  penetrated.  With  minor  variations  this  section  appears  to  hold  good  over  a 
large  part  of  the  territory  adjacent  to  the  east  shore  of  Utah  Lake.  Northwest  from  Provo 
the  surface  gravel  disappears,  but  clay,  light  above  and  dark  below  and  underlain  by  sand 
and  gravel,  is  reported  in  the  vicinity  of  Geneva,  American  Fork,  and  Lchi.  South  of 
Provo,  in  the  vicinity  of  Springville,  similar  conditions  prevail.     (PI.  V.) 

0  These  facts  were  obtained  from  Mr.  Caleb  Tamier,  to  whom  the  writer  is  indebted  for  many 
courtesies. 
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The  beds  about  Provo  appear  to  dip  toward  the  lake  at  a  low  angle,  approximately  cor- 
responding ta  the  slope  of  the  surface,  this  being  indicated  by  the  fact  that  the  depth  at 
which  the  water-bearing  gravel  is  found  over  large  areas  is  approximately  constant.  In 
the  vicinity  of  Provo  some  direct  data  were  obtained  on  this  point.  Wells  have  been  driven 
along  Center  street  from  Academy  street  in  Provo  westward  to  the  shore  of  the  lake.  The 
depths  at  which  the  top  of  the  gravel  was  struck  in  some  of  these  wells  was  obtained  from 
the  driver,  J.  Westfall,  and  a  line  of  levels  was  run  along  the  surface  by  the  United  States 
Reclamation  Service,  from  which  it  appears  that  the  lakeward  inclination  of  the  gravel  is 
approximately  9  feet  per  mile,  the  rate  decreasing  as  the  lake,  is  approached.  Similar 
conditions  probably  exist  throughout  the  area  studied,  the  slope  being  greatest  near  the 
mountains,  while  beneath  the  broad  lowlands  the  strata  lie  more  nearly  horizontal. 

Ground  water  in  the  vicinity  of  Provo  can  generally  be  obtained  in  the  upper  gravel 
within  10  feet  of  the  surface.  In  the  vicinity  of  the  lake  the  gravel  disappears  and  clay 
generally  occupies  the  surface.  Here,  as  is  so  general  throughout  the  entire  area,  swampy 
conditions  prevail,  owing  to  the  lowness  of  the  region,  the  recession  of  the  lake,  and  the 
rise  of  ground  water  due  to  irrigation. 

Flowing  wells  exist  in  great  number  in  this  well-populated  region,  and  in  general  an 
abundance  of  good  water  is  obtained  within  200  feet  of  the  surface.  The  main  water-bear- 
ing horizon  is  the  bed  of  gravel  that  underlies  the  blue  clay.  Water  is  generally  reached 
in  this  gravel  at  1^  to  200  feet  from  the  surface,  but  conditions  are  not  absolutely  uniform 
at  all  places,  and  where  the  prevailing  section  is  varied  by  local  streaks  of  clay,  sand,  and 
gravel  corresponding  differences  exist.  Feeble  flows  are  sometimes  found  at  100  feet,  and 
a  few  wells  obtain  water  from  a  depth  of  360  feet,  but  this  depth  is  unusual  in  the  vicinity 
of  Provo.  The  wells  about  Provo  are  generally  2  inches  in  diameter,  and  their  flow  may 
possibly  average  50  gallons  a  minute.  Among  the  best  wells  in  this  vicinity  are  those  at 
the  stations  of  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  and  the  Rio  Grande 
Western  Railway.  These  are  3  inches  in  diameter  and  190  and  176  feet  deep,  respectively. 
In  November,  1904,  the  Rio  Grande  Western  well  was  found  to  flow  approximately  120 
gallons  a  minute  at  2  feet  above  the  surface  under  a  pressure  of  15^  pounds  per  square  inch. 

SPRING VILLE   AND   VICINITY. 

Between  Provo  and  Springville  the  lowland  contiguous  to  Utah  Lake  extends  to  the  Rio 
Grande  Railroad,  above  which  the  surface  rises  at  a  steep  grade  to  the  base  of  the  moun- 
tains. The  lowland  for  the  most  part  is  marshy,  and  the  line  that  separates  flowing  and 
nonflowing  wells  lies  only  a  short  distance  east  of  the  railroad.  A  low  scarp,  which  appar- 
ently marks  a  Pleistocene  fault,  can  be  traced  immediately  west  of  the  county  road  for  a 
mile  or  more  beyond  the  Utah  County  Infirmary  toward  Springville.  Springs  occur  at 
the  base  of  the  scarp,  and  the  large  springs  at  the  head  of  Spring  Creek  may  be  associated 
with  faulting.  A  number  of  small  lakes  mark  the  presence  of  these  springs,  and  Spring 
Creek,  whose  main  supply  is  thus  derived,  flows  about  1,600  second-feet. 

The  deepest  well  in  this  area  is  that  of  the  infirmary,  situated  near  the  road  about  mid- 
way between  Provo  and  Springville.  The  well  is  3  inches  in  diameter  and  270  feet  deep, 
and  water  is  reported  to  rise  in  a  pipe  to  a  point  3  feet  above  the  surface,  flowing  about  30 
gallons  a  minute.     In  this  vicinity  a  feeble  first  flow  is  reported  at  depths  of  65  to  80  feet. 

Springville  is  situated  on  the  plain  about  3  miles  below  the  mouth  of  Hobble  Creek  Can- 
yon, the  channel  of  the  creek  passing  through  the  town.  During  the  irrigation  season 
practically  all  of  Hobble  Creek  water  is  diverted  by  canals  that  head  near  the  base  of  the 
mountains. 

Ground  water  in  Springville  is  obtained  from  wells  that  usually  range  in  depth  from  20 
to  30  feet,  the  water  occurring  in  the  top  gravel.  The  general  level  of  ground  water  in  the 
town  is  reported  not  to  have  changed  since  the  early  days,  and  only  an  annual  difference 
of  a  few  feet  is  noticed  between  winter  and  summer  conditions.a 


a  Stevenson,  J.  £.«  well  driver. 
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Reoords  of  wells  in  the  vicinity  of  Springville  show  rather  uniform  conditions.  The  town 
generally  is  underlain  by  gravel  5  to  40  feet  thick,  below  which  blue  clay  occurs  to  a 
depth  of  about  130  feet,  underlain  by  sand  and  gravel  down  to  180  feet;  then  about  50 
feet  of  light-colored  clay  is  encountered,  followed  by  sand  and  gravel  at  a  depth  of  about 
230  feet.  In  the  area  nearer  the  lake  the  top  gravel  generally  is  wanting,  but  otherwise 
similar  sections  are  reported  in  that  locality. 

Flowing  wells  are  obtained  from  the  two  lower  gravel  horizons  at  depths  of  approxi- 
mately 130  and  230  feet.  The  common  occurrence  of  water  at  these  two  horizons  implies 
unusual  imiformity  of  underground  conditions,  and  suggests  a  low  lakeward  dip,  approxi- 
mately corresponding  to  the  surface  inclination.  The  wells  are  commonly  2  inches  in  diam- 
eter, though  a  few  are  3  inches,  and  they  yield  on  an  average  possibly  20  to  50  gallons  a 
minute.  One  of  the  best  in  Springville  \s  a  3-inch  well  belonging  to  A.  Cox.  It  is  230  feet 
deep,  flows  about  120  gallons  a  minute,  and  its  water  is  reported  to  rise  in  a  pipe  to  a  point 
18  feet  above  the  surface.  The  Rio  Grande  Railway  Company  has  two  wells  in  Spring- 
ville, which  are  216  and  304  feet  deep.  In  the  deeper  the  first  flow  was  struck  at  126  feet, 
ft  second  at  216,  a  third  at  260,  and  a  fourth  at  292.  The  shallower  well  is  3  inches  in  diam- 
eter, and  is  reported  to  flow  about  200  gallons  a  minute  at  the  surface,  which  is  reduced  to 
about  12  gallons  a  minute  at  the  top  of  a  tank  about  30  feet  above  the  surface. 

Mapleton  Bench  is  the  local  name  for  the  Provo  Delta,  lying  between  Spanish  Fork  and 
Hobble  Creek.  The  delta  is  here  prominently  developed,  and  constitutes  valuable  farm- 
ing land.  Flowing  wells  are  not  obtained  on  Mapleton  Bench  because  of  its  elevation,  but 
there  are  a  number  of  dug  wells.  It  is  reported  that  in  the  early  days  the  weUs  on  the 
bench  were  60  feet  or  more  in  depth,  but  since  irrigation  has  been  practiced  the  ground- 
water level  has  been  considerably  raised,  and  now  the  wells  average  possibly  only  30  feet 
m  depth.  There  is  a  marked  difference  in  the  depth  to  ground  water  in  winter  and  sum- 
mer, the  range  in  some  instances  amounting  to  over  10  feet.  Along  the  outer  OMirgin  of 
the  bench  there  h\  a  line  of  springs,  many  of  which  did  not  exist  before  the  ditches  were 
dug.  Big  Hollow  Creek,  a  stream  that  flows  from  the  bench  about  2  miles  south  of  Springs 
ville,  is  a  conspicuous  example.  In  the  early  days  scarcely  any  water  is  said  to  have 
flowed  in  its  channel,  whereas  it  now  inigates  over  100  acres. 

Considerable  amounts  of  water  are  obtained  by  a  few  tunnels  that  have  been  dug  along 
the  eastern  edge  of  Mapleton  Bench.  The  entrances  to  the  tunnels  arc  commonly  at  the 
sites  of  springs.  Some  begin  and  end  in  unconsolidated  materials,  while  others  penetrate 
bed  rock.  The  longest  noted  is  in  sec.  24,  T.  8  S.,  R.  3  E.  Its  length  L.  275  feet.  Water 
enough  to  irrigate  about  100  acres  comes  through  crevices  in  bed  rock. 

SPANISH  FORK,  PAY80N,  AND  VICINITY. 

The  town  of  Spanish  Fork  is  situated  on  the  general  lowland  at  the  base  of  Mapleton 
Bench  and  immediately  north  of  Spanish  Fork,  about  5  miles  below  the  mouth  of  its 
canyon.  From  the  few  well  records  available  it  appears  that  sand  and  gravel  com- 
monly underlie  the  surface  to  a  depth  of  about  30  feet  and  are  succeeded  by  150  feet  of 
clay,  below  which  water-bearing  gravel  is  usually  encountered  at  a  depth  of  180  feet.  The 
log  of  the  well  recently  completed  at  the  San  Pedro  station,  about  a  mile  west  of  the  town, 
shows  a  greater  thickness  of  clay,  amounting  to  205  feet,  beneath  which  sand  and  clay  were 
found  to  390  feet,  where  water-bearing  gravel  occurs. 

Spanish  Fork  is  rather  poorly  siipplied  with  underground  water.  Dug  w^ells  commonly 
reach  water  at  depths  ranging  from  10  to  25  feet,  but  its  quality  is  not  good.  Flowing 
weUs  were  formerly  obtained,  but  in  recent  years  the  flows  generally  have  ceased  and  pump- 
ing has  to  be  resorted  to.  A  city  waterworks  system  was  installed  in  1904,  the  supply 
being  derived  from  Evans  Spring,  near  the  mouth  of  Spanish  Fork  Canyon,  about  5  miles 
above  the  town,  and  an  excellent  supply  is  now  available.  The  line  separating  flowing 
and  nonflowing  weUs  now  lies  in  the  extreme  northwest  corner  of  the  town.  The  first  flow 
occurs  at  a  depth  of  about  180  feet  and  a  second  flow  between  350  and  400  feet.  The  cream- 
ery well,  2  inches  in  diameter  and  220  feet  deep,  is  typical.     Water  was  struck  at  180  feet 
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which  in  1900  flowed  9  gallons  a  minute,  while  in  1904  it  stood  about  4  feet  below  the 
surface  with  little  or  no  variation.  In  1904  the  San  Pedro,  Los  Angeles  and  Salt  Lake 
Railroad  Company  put  down  a  well  415  feet  deep  at  its  Spanish  Fork  station  and  obtained 
a  flow  of  36  gallons  a  minute  through  a  2-inch  pipe  from  gravel  in  the  bottom  of  the  well. 

Between  Spanish  Fork  and  the  Goshen  divide  there  are  a  number  of  settlements  that 
are  adjacent  to  the  line  separating  flowing  and  nonflowing  wells. 

Salem  is  situated  at  the  lower  end  of  the  Provo  Bench,  about  midway  between  Spanish 
Fork  and  Payson.  In  the  northwestern  part  of  the  town  the  water  table  lies  close  to  the  sur- 
face and  throughout  the  greater  part  of  the  settlement  water  can  be  obtained  within  10  feet  of 
the  surface.  There  are  many  springs,  the  most  important  of  which  supply  Salem  Pond,  which 
covers  about  13  acres  and  averages  possibly  12  feet  in  depth.  The  line  separating  flowing 
and  nonflowing  wells  passes  about  midway  through  Salem.  The  flowing  wells  are  gen- 
erally feeble  and  the  quality  of  the  water  is  poor.  A  flrst  flpw  is  commonly  obtained  at 
about  160  feet  and  a  secx)nd  at  about  250  feet. 

Payson  is  situated  on  and  near  the  delta  formed  by  Peteneet  Creek  at  the  Provo  stage 
of  Lake  Bonneville,  part  of  the  town  being  built  on  the  delta  and  part  on  the  subjacent 
plain.  Flowing  wells  are  not  obtainable  because  of  the  elevation,  and  the  undeiiground 
water  supply  is  furnished  by  dug  wells.  These  vary  considerably  in  depth  because  of  the 
irregular  distribution  of  the  delta  deposits.  Tlieir  depth  ranges  from  15  to  115  feet  and 
probably  averages  between  30  and  40  feet.  As  an  instance  of  local  variation  it  may  be 
mentioned  that  in  one  well  ground  water  is  obtained  at  IS  feet  while  on  the  opposite  side 
of  the  street  a  well  was  dug  90  feet  without  encountering  water.  The  level  of  ground 
water  is  reported  to  fluctuate  but  little.  A  number  of  families  in  Payson  are  supplied  by 
pipe  lines,  the  water  being  derived  from  tunnels  driven  into  the  base  of  the  bench. 

The. town  of  Spring  Lake  is  situated  near  the  base  of  the  mountains.  The  line  sepanating 
flowing  and  nonflowing  wells  passes  along  the  foot  of  the  Provo  Bench  and  lies  about  half 
a  mile  west  of  the  town.  In  this  locality  ground  water  is  found  commonly  within  10  feet 
of  the  surface  and  there  are  a  number  of  shallow  wells,  but  the  chief  supply  comes  from 
springs.  Spring  Lake  covers  an  area  of  about  12  acres  and  discharges  a  stream  of  about 
2  second-feet.  It  is  made  by  damming  a  small  creek  that  is  fed  by  springs.  Springs  occur  in 
the  vicinity  of  the  base  of  the  mountains  between  Spanish  Fork  and  Spring  Lake.  Most  of 
them  appear  to  be  seep  springs,  but  some  that  lie  near  faults?  that  adjoin  the  base  of  the 
mountains  may  lie  of  deeper  seated  origin.  Many  of  the  springs  flow  20  to  50  gallons  a  minute. 

Santaquin  is  built  on  a  delta  of  Santaquin  Creek,  near  the  base  of  the  mountains,  far 
above  the  general  level  at  which  flowing  wells  are  obtained.  The  town  is  chiefly  supplied 
with  water  for  both  household  and  irrigation  uses  by  Santaquin  Creek,  and  only  a  few 
wells  have  been  dug.  About  a  dozen  wells  strike  wator  in  gravel  at  deptlis  of  between  15 
and  25  feet  on  a  low  bench  in  the  southeastern  part  of  the  town.  Tunnels  arc  also  dug  into 
this  bench,  from  which  two  pipe  lines  supply  a  number  of  families  with  water.  Below  the 
bench  in  Sant-aquin  there  are  very  few  wells ;  two  had  to  be  dug  about  80  feet  before  watc  r 
was  obtained. 

Below  the  line  separating  flowing  and  nonflowing  wells  between  Hobble  and  Santaquin 
creeks  the  valley  plain  slopes  gently  to  Utah  Lake.  Throughout  this  area  ground  water 
lies  within  10  feet  of  the  surface,  and  adjacent  to  the  lake  and  in  certain  isolated  localities 
swampy  conditions  occur.  This  area  is  mostly  underlain  by  clay,  which  is  reported  to 
predominate  in  all  of  the  wells.  Little  or  no  gravel  is  encountered  in  well  driving  and  the 
layers  of  clay  alternate  with  layers  of  sand.  Few  satisfactor}'  well  records  from  thi.s 
region  have  lH»en  obtained,  and  no  correlation  of  the  underground  deposits  has  been  possi- 
ble. Different  conditions  seem  to  exist  in  neighboring  wells,  indicating  a  lenticular  arrange- 
ment of  the  deposits. 

The  towns  of  Palmyra,  Lake  Shore,  and  Benjamin  are  situated  below  the  line  of  flowing 
wells.  Many  farms  are  scattered  over  this  area,  but  in  a /ew  localities — north  of  Spanish 
Fork,  for  instance — alkali  is  so  prevalent  as  to  discourage  settlement.  Much  of  the  water 
ased  in  irrigating  this  tra<'t  is  derived  from  canals  supplied  by  Spanish  Fork,  but  flowing 
wells  also  are  used  to  a  considerable  extent. 
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Flowing  wells  have  hoeii  obtained  throughout  this  area  at  depths  of  SO  to  500  feet,  as 
shown  by  the  list.  Flows  are  iLsually  found  in  every  considerable  bed  of  sand  encountered 
in  drilling,  and  six  or  more  water-bearing  beds  are  sometimes  struck  in  a  400-foot  well. 
Shallow  wells  are  not  the  rule  in  this  region,  for,  though  many  are  150  to  200  feet  deep,  the 
majority  are  nearer  400  feet  deep.  Because  of  the  general  absence  of  gravel  and  of  persist- 
ent beds  of  sand  there  are  few  especially  good  wells.  The  flows  obtained  are  generally 
under  50  gallons  a  minute  and  frequently  are  less  than  10.  The  pressure  is  low,  seldom 
being  sufficient  to  cause  the  water  to  r.ye  more  than  a  Yew  feet  above  the  surface. 

At  the  southern  end  of  the  lake,  north  of  West  Mountain,  just  above  low-water  level 
there  in  a  warm  spring  that  was  estimated  to  flow  200  gallons  a  minute.  Its  temperature 
is  88°. 

GOSHEN    VALLEY. 

Goshen  Valley  can  be  divided  into  a  highland  and  a  lowland  portion,  a  convenient  line 
of  division  for  present  purposes  lieing  that  which  separates  area.s  where  ground  water  lies 
above  10  feet  from  the  surface,  from  those  in  which  it  lies  below  that  depth.  The  high- 
land lies  contiguous  to  the  mountains  and  merges  into  the  lowland  which  adjoins  the  lower 
course  of  Currant  Creek  and  the  southern  extremity  of  Viah  Lake.  The  lowland  is  chiefly 
underlain  by  clay  and  the  soils  contain  abundant  alkali. a  Throughout  the  entire  area 
ground  water  lies  close  to  the  surface  and  marshy  conditions  exist,  especially  toward  the 
lake. 

The  area  of  flowing  wells  in  Oashen  Valley  embraces  about  15  square  miles  and  extends 
from  Utah  Lake  to  within  about  a  mile  of  Goshen.  Within  it  flowing  wells  are  obtained 
at  depths  ranging  from  50  to  400  feet.  From  the  few  available  records  it  appears  that 
varying  stratigraphic  conditions  exist  in  this  area,  the  prevailing  clay  being  irregularly 
interbedded  with  sand,  usually  in  thin  streaks,  with  very  little  gravel.  The  flows  obtained 
arc  small,  averaging  possibly  about  5  gallons  a  minute,  and  the  pressure  is  sufficient  to 
cause  the  water  to  rise  only  a  few  feet  above  the  surface. 

Goshen  itself  is  furnished  with  surface  water  from  ditches  supplied  by  Currant  Creek  and 
by  springs  located  at  the  base  of  the  hills  about  2  miles  east  of  the  town.  The  underground 
supply  is  derived  from  wells  that  usually  range  from  25  to  75  feet  in  depth.  The  wells 
are  put  down  through  clay  to  sand  in  which  water  is  found  under  pressure  sufficient  to 
cause  it  to  rise  almost  to  the  surface,  the  usual  depth  to  water  being  3  to  20  feet.  A 
number  of  unsuccessful  attempts  to  get  flowing  wells  have  lieen  made,  the  deepest  being 
the  railroad  well  put  down  near  the  station.  It  is  334  feet  deep,  and  wat^r  is  reported  to 
have  risen  in  it  to  within  a  few  feet  of  the  surface. 

The  highland  area  is  underlain  chiefly  by  coarse  detritus  derived  from  the  adjacent 
mountains  and  distributed  either  as  shore  deposits  in  Lake  Bonneville  or  as  alluvial  accumu- 
lations. This  higher  portion  of  Goshen  Valley  is  poorly  supplied  with  water,  the  chief 
sources  being  Kimball  Creek,  a  small  stream  which  seldom  flows  below  its  mountain  course, 
and  Currant  Creek,  which  flows  perennially  and  supplies  the  lower  valley.  The  discharge 
of  Currant  Creek,  however,  is  insufficient  for  the  needs  of  the  upland.  A  reservoir  has  been 
built  by  damming  Currant  Creek  at  the  entrance  to  its  canyon  course  through  Long  Ridge, 
and  a  canal  constructed  which  skirt^s  the  upper  part  of  Cioshen  Valley,  but  the  enterprise 
has  been  a  failure. 

A  few  springs  occur  along  the  eastern  base  of  the  Tintic  Mountains  and  some  successful 
attempts  have  been  made  there  to  develop  underground  water  by  tunneling.  In  the  upper 
valley  of  Kimball  Creek  there  are  a  number  of  springs  which  flow  about  100  gallons  a  minute, 
and  smaller  ones  occur  in  several  gulches.  About  2  miles  east  of  Goshen  there  is  a  group 
of  springs  at  the  base  of  Long  Ridge,  where  water  issues  through  debris  and  accumulates 
in  several  small  ponds,  the  temperature  of  which  is  reported  to  stay  at  about  70°  F.  through- 
out the  year.  Tliese  springs  constitute  the  souree  of  Warm  Creek,  and  their  combined 
flow  in  November,  1904,  was  estimated  at  about  5  second-feet.     Water  has  \yeen  developed 


o  Sanchez;  A.  U.,  Soil  survey  of  the  Provo  an*a,  Utah:  Bull.   Bureau  of  Soils,  T.  S.   Dcpt.  Agric, 
1904. 
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by  tunneling  at  several  localities  along  the  eastern  slope  of  the  Tintic  Mountains.  In  the 
valley  of  Kimball  Creek,  in  sec.  11,  T.  11  S.,  R.  2  W.,  there  is  a  tunnel  200  feet  long  in  vol- 
canic rock,  which  furnishes  about  20  gallons  a  minute,  and  water  sufficient  for  milling 
purposes  has  been  developed  by  drifting  into  the  alluvium  and  bed  rock  at  the  head  of 
Ilomansville  Canyon  .a 

Away  from  the  bordering  mountains  in  the  highland  portion  of  Goshen  Valley,  very 
little  underground  water  has  been  obtained,  and  considering  the  slight  run-oflT  and  the  small 
tributary  drainage  area,  not  much  can  be  expected.  The  most  favorable  locations  for  sink- 
ing wells  are  along  the  courses  of  drainage  w^ays.  The  most  successful  are  along  the  course 
of  Kimball  Creek,  but  even  there  water  commonly  is  not  obtained  at  deptlis  less  than  150 
feet .     A  number  of  dry  wells  have  been  sunk  in  the  upland  area. 

WEST  OP   UTAH    LAKE. 

Tlie  narrow  strip  of  lowland  between  the  western  shore  of  Utah  Lake  and  the  Lake  Afoun- 
tains  is  very  scantily  provided  with  water.  The  low,  narrow  mountains  catch  relatively 
little  precipitation;  there  are  no  perennial  streams,  and  the  arroyos  carry  water  onl^^  for 
a  few  days  during  the  year.  From  the  foot  of  the  Bonneville  and  Provo  terraces  that 
extend  along  the  base  of  the  mountains  the  surface  slopes  gradually  lakeward  and  is  under- 
lain chiefly  by  coarse-textured  deposits. 

Along  the  shore  of  the  lake  a  number  of  seep  springs  occur  near  water  level.  They  are  most 
abundant  from  Lehi  southward,  and  there  are  also  a  few  2  or  3  miles  beyond  Pelican  Point, 
where  their  presence  is  marked  by  low,  marshy  areas,  one  of  which  is  utilized  in  the  culti- 
vation of  a  few  acres  of  alfalfa.  Near  Pelican  Point  there  is  a  feebly  flowing  well  90  feet 
deep,  in  which  water  was  obtained  at  a  depth  of  60  feet :  and  in  a  near-by  well  a  feeble  flow 
is  also  obtained,  which  is  said  to  come  from  a  depth  of  154  feet. 

Few  if  any  other  attempts  have  been  made  to  recover  underground  water  in  this  region. 
Judging  from  the  wells  at  Pelican  Point  one  might  expect  to  obtain  similar  results  along 
the  western  shore  of  the  lake,  but  if  flows  were  obtained  the  water  would  be  at  so  low  an 
elevation  as  to  make  it  of  little  use  without  pumping.  Away  from  the  shore  flows  can 
hardly  be  expected.  It  may  be,  however,  that  limited  amounts  of  water  can  be  found  t-o 
rise  in  wells  to  within  pumping  distance.  Prospecting  for  shallow  wells  might  be  attempted 
in  the  arroyos,  but  because  of  the  limited  watershed  and  precipitation  the  prospect  is  not 
good  for  obtaining  enough  underground  water  for  extensive  irrigation.  Pumping  directly 
from  the  lake  presents  attractive  possibilities. 

WELL  DATA. 

The  writer  is  indebted  for  the  subjoined  list  of  wells  to  Messrs.  F.  D:  Pyle  and  T.  F. 
McDonald.  Mr.  Pyle  worked  in  Utah  Lake  Valley^  and  west  of  Jordan  River.  Mr.  Mc- 
Donald, whose  assistance  was  obtained  through  the  courtesy  of  Mr.  George  W.  Snow, 
engineer  of  Salt  Lake  City,  collected  data  east  of  Jordan  River.  The  yield  of  flowing  wells 
was  commonly  measured  by  means  of  tables  which  are  here  inserted,  t-ogether  with  accom- 
panying explanation,  because  the  method  aroused  popular  interest  and  because  the  edi- 
tion of  the  bulletin  in  which  the  tables  were  published  has  been  exhausted. 

METHOD  OF  KSASUILEMENT.  b 

Tables  for  determining  the  discharge  of  water  from  completely  filled  vertical  and  horizontal  pipes 
were  prepared  a  number  of  years  ago  by  Prof.  J .  E.  Todd,  State  geologist  of  Soulh  Dakota,  who  iaaued 
a  private  bulletin  describing  simple  methods  of  determining  quickly,  with  fair  accuracy  and  with  little 
troul)le,  the  yield  of  artesian  wells.  In  the  following  notes  the  tables  and  explanations  relating  to 
vertical  tind  horizontal  pipes  are  taken  from  this  bulletin.  The  explanations  have  been  appended  by 
the  present  writer. 


a  Smith,  O.  O.,  and  Tower,  G.  W.,  Inscription  of  the  Tintic  district:  U.  S.  Geologic  Atlas,  special 
folio  (iS,  U.  S.  Geol.  Survey,  1900. 
bS'.ichter,  ('.  S.:  Water-Sup.  and  Irr.  Paper  No.  110,  V .  S.  Geol.  Survey,  1905,  pp.  37-42. 
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In  determining  the  flow  of  water  discharged  through  a  pipe  of  uniform  diameter  all  that  is  neoeaaary 
is  a  foot  rule,  still  air,  and  care  in  taking  measurements.  Two  methods  are  proposed— one  for  pipes 
discharging  vertically,  which  is  particularly  applicable  before  the  well  is  permanently  finished,  and 
one  for  horizontal  discharge,  which  is  the  most  usual  way  of  finishing  a  well. 

The  table  [on  page  SS]  is  adapted  to  wells  of  moderate  size,  aa  well  as  to  large  wells.  In  case  the  well 
is  of  other  diameter  than  given  in  the  table  its  discharge  can  without  much  difficulty  be  obtained  from 
the  table  by  remembering  that,  other  things  being  equal,  the  discharge  varies  as  the  square  of  the 
diameter  of  the  pipe.  If,  ;o  •  example,  the  pipe  is  one-half  inch  in  diameter  its  discharge  will  bo  one- 
fourth  of  that  of  a  pipe  1  Lich  in  diameter  for  a  stream  of  the  same  height.  In  a  similar  manner  the 
discharge  of  a  pipe  8  inches  in  diameter  can  be  obtained  by  multiplying  the  discharge  of  the  4-inch 
pipe  by  4. 

In  the  first  method  the  inside  diameter  of  the  pipe  should  first  be  measured,  then  the  distance  from 
the  end  of  the  pipe  to  the  highest  point  of  the  dome  of  the  water  above  in  a  strictly  vertical  direction— 
a  to  6  in  the  diagram  [fig.  5].  Find  these  distances  in  table  [p.  58,  A]  and  the  corresponding  figure  will 
^Ive  the  number  of  gallons  discharged  each  minute.  Wind  would  not  interfere  in  this  case  so  long  as 
the  measurements  are  taken  vertically. 

The  method  for  determining  the  discharge  of  horizontal  pipes  requires  a  little  more  care.  First  meas- 
ure the  diameter  of  the  pipe,  as  before,  then  the  vertical  distance  from  the  center  of  the  opening  of  the 
pij»,  or  some  convenient  point  corresponding  to  i  I  on  the  side  of  the  pipe,  vertically  downward  0  inches, 
o  to  6  of  the  diagram,  then  from  this  point  strictly  horizontally  to  the  center  of  the  stre&m,  b  to  e. 


ro  inches 
7/.  7gaJ/ons 
per  minute 


Fig.  5.— Diagram  illustrating  flow  from  vertical  and  horizontal  pipes. 


With  these  data  the  flow  in  gallons  per  minute  can  be  obtained  from  table  [p.  58,  B].  It  will  readily  be 
seen  that  a  slight  error  may  make  much  difference  in  the  discharge.  Care  must  te  taken  to  measure 
horizontally  and  also  to  the  center  of  the  stream.  Because  of  this  difficulty  it  is  desirable  to  check 
the  first  determination  by  a  second.  For  this  purpose  columns  are  given  in  the  tables  for  corresponding 
measurements  12  inches  below  the  center  of  the  pipe.  Of  course  the  discharge  from  the  same  pipe  should 
be  the  same  in  the  two  measurements  of  the  same  stream.  Wind  blowing  either  with  or  against  the 
water  may  vitiate  results  to  an  indefinite  amount.  Therefore  measurements  should  be  taken  while 
the  air  is  still. 

Whenever  fractions  occur  in  the  height  or  horizontal  distance  of  the  stream,  the  number  of  gallons 
can  be  obtained  by  apportioning  the  difference  between  the  readings  in  the  table  for  the  nearest  whole 
numbers,  according  to  the  size  of  the  fraction.  For  example,  if  the  distance  from  the  top  of  the  pipe 
to  the  top  of  the  stream  in  the  first  case  is  9^  inches,  one-third  of  the  difference  between  the  reading  in 
the  table  for  9  and  10  inches  must  be  added  to  the  former  to  give  the  correct  result. 

In  case  one  measures  the  flow  of  a  well  by  both  methods  he  may  think  that  the  results  should  agree, 
but  such  is  not  the  case.  In  the  vertical  discharge,  there  being  less  friction,  the  flow  will  be  larger;  so, 
also,  in  the  second  method  differences  will  l>e  found  according  to  the  length  of  the  horizontal  pipe  used. 

As  pipes  are  oocaaion^y  at  an  angle,  it  is  well  to  know  that  the  second  method  can  be  applied  to 
them  if  the  first  measurement  is  taken  strictly  vertically  from  the  center  of  the  opening  and  the  second 
nieaaurement  from  that  ^int  parallel  with  the  axis  of  the  pipe  to  -the  center  of  the  stream,  as  before. 
The  measurements  can  then  be  read  from  the  table. 
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Table  for  determining  yield  of  artesian  wdU. 
. [Gallons  per  minute.] 


A.— Flow  from  vertical  pii)e8. 

B.— Flow  from  horizontal  pipee. 

Diameter  of  pipe 

in  inches. 

Hori- 
zontal 

Inches. 

1-inch  pipe. 

2-inch  pipe. 

of  Jet. 

1. 

1 

li- 

2. 

3. 

6-lnch 
level. 

12-inch 
level. 

6-inch 
level. 

12-inch 
level. 

'  Inches. 

1 
1 

1 

1           i 

3.96 

6.2 

8.91     ' 

15.8 

35.6 

6 

7.01 

4.95 

27.71 

19.63 

1           1 

5.60 

8.7  ■ 

12.6    ' 

22.4 

51.4 

7{    8.18 

5.77 

32.33 

22.90 

2 

7.99 

12.5 

18.0    1 

32.0 

71.9 

8 

9.35 

6.60 

36.94 

26.18 

3 

9.81 

15.3 

22.1 

39.2 

88.3 

9 

10.51 

7.42 

41.56 

29.45 

4 

11.33 

17.7 

25.5    1 

45.3 

102.0 

10  i  11.68 

8.25 

46.18 

32.72 

5 

12.68 

19.8 

28.5 

S0.7 

113.8 

11  1  12.85 

9.06 

50.80 

35.99 

G 

13.88 

21.7 

31.2 

55.5 

124.9 

12  j  14.02 

9.91 

55.42 

39.26 

7 

14.96 

23.6  1 

33.7    1 

59.8 

134.9 

13  1  15.19 

10.73 

00.03 

42.54 

8 

16.00 

25.1 

36.0     , 

64.0 

144.1 

14     16.36 

11.56 

64.65 

45.81 

1           9 

17.01 

26.6 

38.3    1 

68.0 

153.1 

15  1  17.53 

12.38 

89.27 

49.06 

1          ^^ 

17.93 

28.1  ' 

40.3 

71.6 

161.3 

16     18.70 

13.21 

73.89 

52.35     > 

11 

18.80 

29.5  1 

42.3    . 

75.2 

160.3 

17  ,  19.87 

14.04 

78.51 

55.62 

1          12 

19.65 

30.7, 

44.2    1 

78.6 

176.9 

18     21.04 

14.86 

83.12 

58.90 

1          ^^ 

20.46 

31.8 

45.9 

81.8 

184.1 

19     22.21 

15.69 

87.74 

62.17 

1          ^^ 

21.22 

33.0  ' 

47.6    1 

84.9 

190.9 

20     23.37 

16.51 

92.36 

65.44 

15 

21.95 

34.2  ' 

48.3    1 

87.8 

197.5 

21  1  24.54 

17.34 

96.98 

68.71 

1           16 

22.67 

35.2  1 

50.9    1 

90.7 

203.9 

,22     25.71 

18.17 

101.60 

71.98 

1          17 

■23.37 

36.3  1 

52.5    , 

93.5 

210.3 

23     26.88 

18.99 

106.21 

75.26 

1          ^^ 

24.06 

37.5 

54.1     ' 

96.2 

216.5 

24     28.04 

19.82 

110.83 

78.53 

1          19 

24.72 

38.6  ! 

55.6    1 

98.9 

222.5 

25     29.11 

20.64 

115.45 

81.80 

20 

25.37 

39.6  1 

57.0    1 

101.6 

228.5 

26     30.38 

21.47 

120.07 

85.07 

1          ^^ 

26.02 

40.6  , 

58.4    . 

104.2 

234.3 

27     31.55 

22.29 

124.60 

88.34 

1          22 

•26.66 

41.6  1 

59.9 

106.7 

240.0 

28     32.72 

23.12 

129.30 

91.62 

1          23 

27.28 

42.6 

61.4 

109.2 

245.6 

29     33.89 

23.95 

133.92 

94.89 

1          24 

27.90 

43.5' 

62.8    ' 

111.6 

251.1 

30     a5.06 

24.77 

138.54 

98.16     1 

25 

28.40 

44.4  1 

64.1     1 

114.0 

256.4 

31     36.23 

25.50 

143.16 

101.43 

26 

29.05 

45.3  ' 

65.3    1 

116.2 

261.4 

32     37.40 

26.42 

147.78 

104.70 

1          27 

29.50 

46.1 

66.4    ' 

118.2 

286.1 

33     38.57 

27.25 

152.39 

107.98 

28 

30.08 

46.9, 

67.5    ' 

120.3 

270.4 

34     39.64 

28.08 

157.01 

111.25 

29 

30.55 

47.5  ! 

68.5    1 

121.9 

274.1 

35     40.45 

28.64 

161.63 

114.52 

1          ^ 

30.94 

48.2 

69.4    1 

123.4 

277.6 

36  1  41.60 

29.46 

166.25 

117.79 

36 

1          48 
1          60 

34.1 
39.1 
43.8 

53.2 
61.0 
68.4  1 

76.7    , 
880 
98.6    , 

136.3 
156.5 
175.2 

306.6  ' 
352.1  1 
394.3  i 

Continue  by  a 
1.15 

dding  for  each  inch— 
0.82  ,      4.62           3.27 

i    ^ 

48.2 

75.2  , 

108.0 

192.9 

434.0  1 

'          84 

51.9 

81.0 

116.8 

207.6 

467.0  1 

1          96 

55.6 

86.7  1 

125.0    ' 

222.2 

500.0 

,        108 

58.9 

92.0  ' 

132.6 

235.9 

530.8 

120 

62.2 

98.0  , 

139.9    1 

248.7 

550.5 

1        132 

&5.1 

102.6  ^ 

146.5 

260.4 

585.9 

144 

68.0 

106.4  ' 

1 

1.53.1 

1 

272.2 

612.5 

Not 

PE.— To 
8. 

convert 

results  into  cubic  feet, 

iivide  the 

number  of  gallons  by  7.5,  or,  more  accur 

The  flow  in  pipes  of  diameters  not  given  in  the  table  can  easily  Le  obtained  in  the  following  manner: 

For  J-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 0. 25 

For  J-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 56 

For  IJ-inch  pipe,  multiply  discharge  of  1-inch  pipe  by 1. 56 

For  iHnch  pipe,  multiply  discharge  of  1-inch  pipe  by 2. 25 

For  3-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 2. 25 
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For  4-iiich  pljw,  multiply  discbargo  of  2-iDch  pipe  by 4.00 

For  4Hncb  pipe,  multiply  discharge  of  2-Inch  pipe  by 5.06 

For  5-iiich  pipe,  multiply  discharge  of  2-inch  pii)e  by 6. 25 

For  6-inch  pipe,  multiply  discharge  of  2-inch  pipe  by 9.00 

For  8-iiich  pipe,  multiply  discharge  of  2-inch  pipe  by 16.00 

LIST  OF  TTPIOAL  WELLS. 

Wdls  in  Jordan  River  and  Utah  Lake  valleys, 

[Height  of  water  above  surface  indicated  by  plus  + ;  below  surface  indicated  by  minus  — .] 


Name  of  owner. 


B.  Young 

J.  L.  Haywood.. 
R.  R.Anderson.. 

C.  R.  Savage 

G.  A.  Hatch 

J.  Howard , 

Stockyards 

T.  German 

F.  S.  Rudy 

J.  E.  Peterson... 
J.  Minegar 

Do 

R.  A.  Bosley 

J-C.  Hansen 

W.S.  McDonald. 

Gun  Club 

J.  Herridge 

G.  Baldwin 

C.  A.  Anderson.. 

P.  Oiene 

S.  Bamberger 

G.  Fritt 

J.  Withers 

1.  Langton 

G.Martin 

A.J.Davis 

F.W.  Kettle.... 
A.M.Davis 

Do 

E.King 

Wantland 

J.  J.  Sears 

Do 

Do 

P.CUne 

R.  Weisner 

J.W.Evans 

W.  Pearson 

J.  W.  Haddock.. 

A.  Elklns 

A.  J.  Ridges 

W.  Spicer , 

J.  Sandboig 

H.  Price 

Mrs.  Winters 

R.  Griffith 


Location. 


.  IN.,  R.  IE.,  sec.  31. 
..do 


..do 

1  N.,  R.  1  £.,  S6C.  32 . . 

IN.,  R.  IW..  sec.l. 
..do 


T.  1  N.,  R.  1  W.,  sec.  3 

T.  IN.,  R.  1  W.,  sec.  4 

T.  IN.,  R.  1  W..  sec.  5 

T.  1  N.,  R.  1  W.,  sec.  9 

T.  1  N.,  R.  1  W.,  sec.  10 

do 


T.  IN.,  R.  1  W..  sec.  11... 
T.  1  N..  R.  1  W.,  sec.  15... 
T.  IN.,  R.  I.W.,  sec.  17... 
T.  1  N..  R.  1  W.,  sec.  21... 
T.  1  N.,  R.  1  W.,  sec.  22. . . 
....do 


.  1  N.,  R.  1  W.,  sec.  23. 
..do 


T.  1  N.,  R.  1  W.,  sec.  26. 


D'ro-      Depth.  :  «:'f"  or     Yield  per 


ter. 


Inches. 


..do ' 

..do ! 

1  N.,  R.  1  W.,  sec.  26 1 

..do 


1  N.,  R.  1  W..  sec.  27 

.do 

1  N.,  R.  1  W.,  sec.  34 

.do 

.do 

.do 

1  N.,  R.  1  W.,  sec.  35 

.do 

.do 

.do 

.do 

.do 

1  N.,  R.  1  W.,  sec.  36 

.do 

.do 

.do 

.do 

.do 

.do 


.do. 
.do. 


Feet. 
75 
61 
48 
35 
18 
312 


1,002 

497 

ISO 

250 

50 

479 

400 

450 

160 

330 

28 

26 

60-70 

80 

70 

400 

140 

154 

208 

408 

250 

320 

350 

140 

210 

350 

135 

130 

68 

95  I 
123  I 
100 
75 
75 
75 
96 
200 


water. 


Feet. 


+ 
+ 
+ 

+ 
+ 
+ 


-20-SO 


+ 
+ 

+ 


+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 


Gallons. 


5 

li 

Many. 

6 

5 


40 

30 

»-7 

3 


3 
1-2 

1 


25 
1 

n 

1 


5 

15 

2 

3 

2 

15 

35 

30 

25 

5-20 
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Wdls  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 


Location. 


.  R.  2.W.,  sec.  35. 
.  R.  1  £..  sec.  5 . . 


S.  A.  Gibbs T.  I  N.,  R.  1  W.,aec.  36.. 

F.  Auerbach T.  1  N.,  R.  2  W.,  sec.  25 . 

J.Bond '  T.  1  N.,  R.  2  W.,  sec.  29. 

Do , do 

Cullen  Dairy !  T.  1  N. 

J.Walker T.  1  S.. 

P.  J.  Stone do  . 

J.  Lunn I do. 

W.  J.  Kelson ' do. 

S.  McKay ' do. 

Speirs do. 

Do do. 

J.E.Wesley '  T.  1 

J.  Warburton i do. 

H.  S.  Sampson do. 

W.  Wheeler ' do. 

T.  Golightly \ do. 

S.  K.  Hansen | do. 

W.N.  Sheets '  T.  U 

F.  Sproul , do . 

G.  Baiber ' do. 

F.  Rogansky I do. 

City,  about  16  wells do . 


,  R.  1  E.,  sec.  6., 


Diame-      n««+K       Height  of     Yield  per 
tAF.       I    i^eP^'i-         w&ler.      I    ininute. 


I 


Inches.  I 
2-3 


Feet. 
75-80  , 

400  ^ 

401  I 
465 


2    . 
14, 


,  R.  1  E.,  sec.  7. 


E.  O.  Butterfleld i do 

J.  S.Wooley and  others do 

T.  Berg I do 

Do do 

W.  Colton I do 

L.  Badger I do 

J.  W.  Hicks do 

A.  Duncan I  T.  1  8.,  R.  1  E.,  sw.  8. 

T.  Antislll I do 

S.M.  Alley do 

8.  H.  Calder I do 

8.  Sudbury ' do 

J.R.Miller do. 

P.  Rosmason do 

Mrs.  M.  Larsen do 

W.  Pickens do 

A.Ames.. T.  1  8. 

A.S.Martin T.  1  8. 

J.  A.  Shelter 

L.  Hunt 

A.Hord 

A.  Martin 

H.  E.  Thorp 

J.  S.  Southern 

A.  Buggs do. 

J.  E.  Nailor do. 

T.  Y.  Taylor do. 

(a)  do. 

W.H.Miller do. 

W.H.  Burnett do. 

M.  C.  Sandford do. 


2-«  I 
2  , 


R.  1  E.,  sec.  9.. 

R.  1  E.,  sec.  10. 
T.  IS..  R.l  E.,  sec.  16. 

....do 

T.  18.,  R.l  E.,  sec.  16. 

....do 

do'. 

T.  1  8.,  R.  1  E..  sec.  17. 


80 

16 

73 

45 

29 

40 

12 

75 

82 

387 

10 

100 

162 

100 

125 

170 

150 

100-400 

178 

150-200 

155 

160  ! 

00 

165 

110 

50 

50 

26 

246 

390 

207 

41 

42  ' 
100  I 
130 
85l 
51  I 
54 

"i 

18  I 

32  i 

22 

20  I 

100  { 

200  I 

335  I 

15  I 

33, 


Feet. 

+ 


Oallong.  . 
40 


20 


-12 
-  6 


+ 
+ 

4- 

+ 

-1-35 

+ 
+ 
+ 
+ 
+ 
-I-  I 

+  I 

-  1 

+ 

+ 

+  I 

+12   ; 

-  5-6 

-  7 


-65 
-30-50 


-  4-16 

-  5-14 

4- 

-  3-11 
-3 


6-« 
30 

12 
1 

(?)eoo 

2-3 
20-50 
50 
50 
6 
30 
35 


40 

8 
SO 


6 
50 


a  Owner's  name  unknown. 
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Well*  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 


J.  A.James 

(«) 

G.  Hemaley 

J.  Hemsley 

J.  J.  Hum 

T.  Faigesou 

W.N.  Sheet* 

M.Gray 

F.H.Woodbury... 

M.P.Holmes 

E.H.  Stout 

J.H.Cochran 

F.  Prittish 

Salt  Lake  Co 

E.  Jepson 

F.Wittich 

L.A.Kelah 

D.  Evans 

Erickson 

I.  Riches 

M.  Chophussen 

E.  S.  Pierce 

W.  H.  Wolstezhoh. 

C.  B.  Stock 

J.  I.  Freeman 

H.Bcst 

A.  Best 

J.  A.  Bush 

J.  H.  Tipton 

L.W.  Burton 

Do 

Do 

Do 

J.Riley 

.G.HaU 

J.C.Hogan 


Location. 


Diame-      ru.nt\x       Height  of     Yield  per 
ter.  Awpi-"-    .      yfatpr.  minute. 


Inches. 


T.  IS..  R.  IE.,  sec.  17. 

....do 

....do 

do 

T.  18.,  R.  1  E.,  860.18. 
....do 


...do. 

do. 

....do. 

do. 

....do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

....do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

T.  1  8., 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

....do. 


J.  0.  Young do 

R.B.Young I do 

M.W.Taylor 

L.H.  KimbaU 

Do 

W.C.Winder 

Do 

A.  Walker 

(«) 

E.  P.  Parrot 

H.BehUng •  T 

H.  Eldridge 

T.R.  Cutler 

S.Uve 

M.C.  Morris 

N.J.  Hansen 

A.HosUiison , 


R.  IE.,  sec.  19. 


.do 

.do 

.do 

.do 

.do 

.do 

.do 

-do 

1  8.,  R.  1  E.,  sec.  20. 

.do 

.do 

.do 

.do 

.do 

.do 


Feel. 
33 

10  I 

14  ' 

48 

325 ;. 

300 

100 

164 

160 

20  > 

72-82  I 

500 

600 

636  , 

150 

40 

325-3C0 

501 

3S2 

17 

250-300 

322 

560  I 

40 


2 

1| 
2 


Feet. 
-28 


+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
4- 

+ 

+ 


Gallons. 


4-5 

3(M0 

30 

10 

18 


30-40 

5 

12-14 

(?)  150 

10 

18 

30-40 

80 

(?)  100 

1-13 

55 

20-30 


a  Owner's  name  unknown. 


298 

+ 

10-12 

100 

+ 

5-6 

50 

+ 

8 

160-170 

- 

323 

296 

+ 

50-60 

285 

+ 

60 

150  1 

+ 

25 

437 

+ 

lO-CO 

100  . 

94 

4- 

17-20 

60 

+ 

1 

176 

+ 

18 

180  ' 

+ 

20-25 

90 

+ 

20-25 

181  1 

+ 

(?)  100 

84 

+ 

10 

212 

+ 

1 

75 

+ 

, 

240 

20 

150  . 

40 

lSO-160  . 

46 

23 

-20 

26 

65   

40 

+ 

^6 

162 

+ 

i 

156 

+ 

28 

21 

-14-15 
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UNDERGROUND    WATER   IN    VALLEYS    OF    UTAH. 


Wells  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 


Location. 


i  Diame-      ru>«.»K 


Height  of     Yield  per 
water.         minute. 


Inches. 


C.  Hansen T.  1  S.,  R.  1  E.,  sec.  20... 

P.  R.  Ryon do 

G-  Cusiman do 

W.  C.  Smoot do 

J.  Neff. T.  1  8.,  R.  1  E..  sec.  26. 

C.  Banford do 

J.  Fisher T.  1  S.,  R.  1  E.,  sec.  27. . . 

J.  Young ' do 


T.  I  8.,  R.  1  E.,  sec.  S 


T.  1  8., 
do. 


R.  1  E.,  sec.  29. 


F.  Ercickson 

J.  Chllds 

W.M.  Tillman... 

F.  Degenhart | do 

J.  P.  Gaboon do 

W.  S.  Timmons do 

J.  T.  Guest do 

R.  Pike do 

J.  Madsen do 

J.  8.  Gustavensen do 

H.  HizJ?ard do 

Mrs.  C.  Green do 

Do do 

8.  F.  Evans...: do 

O.  Reece do 

Do do 

Do do 

L.  Stutts , do 

8.  Hicks do 

E.E.  Keithley do 

H.  Burnett do 

Do do 

W.  J.  Miller do 

G.  Fairbourne do 

J.  Tremayave T.  1  8.,  R.  1  E..  sec.  30. 

G.  Taylor do 

W.  Chantron do : 

J.  J.  8pencer do 

M.  M.  Listen do 

J.  Cobert do 

8chool do 

G.  Calder do 

R.  Norman do 

Mrs.  A.  8.  Berg do 

A .  Johansen do 

(a)  do 

Murray  Live  Stock  Co do 

M.  Knudsen do 

L.White.... do 

E.J.  Williams do 

Do do 

C.  Ualford do :... 

A.  M.  Rymarson T.  1  8.,  R.  1  E.,  sec.  31. 

Do do 

L.  Parks do 

J.  Hulse do 


2 
2 

U 
2 

2  i 
2 

2  i 


Feet. 
22 
158 
18 

22  I 

23  ! 
100  ' 


I 


184 
27  I 

55  I 
(38, 
68 

26' 

194 ; 

187 
40 
200 
190 
200 
184 
215 
206 
209 
245 
245' 
141-143 
100 
120 
202 
24 
200 
128 
251  . 
104  ' 
235 
240 
110 
216 
218  I 
130 
100 


175 


300 
185-230 
82-83 
50 
160 
202 
72 
237 
160 


Feet.  Gallont. 

-  18    

4-  80 

-  15    

-  19    

-  20    

-104    

-  25    

-  37    

+  9 

-  34    

-  16    

+        I  2 

+  2 

+  11 

+  30 

+  I                   30 

+  13 

+  '                   40 

+  30 

I 
+  (?)  100 

+  27 


20 
20 
20 


30 
17 


+ 

5 
24 

+ 

12 

•f 

45 

+  6 

+ 

28 

+ 

8 

+ 

30 

+ 

40-69 

+ 

20 

+ 

60 

+ 

25 

+ 

1 

.  + 

10 

+ 

35 

4- 

6 

+ 

20 

a  Owner's  name  unknown. 
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WeUs  in  Jordan  River  and  Utah  Lake  vaZfcy#— Continued. 


Name  of  owner. 


Location. 


J.  Hulse I  T.  1  S.,  R.  1  E.,  8c«.  31. 

Do do 

J.  Pearson do ^ 

C.  Bell do 

Do do 

J.  Bert do 

C.  Cramer ' do 

Do do 

N.  White do 

J.  Anderson do 

S.  Haslam do 

E.  Huish T.  1  8.',  R.  1  E.,  8«c.  32. 

Do do 

S.  W.  Moyle do 

J.  Comwell do 

Do do 

Do do 

Do do 

8.  A.  Comwell do 

Do do 

A.  Young do 

E.  Bailey.....' do 

L.  E.  Sowers do 

J.  W.  Murphy do 

C.  A.  North '  T.  1  S.,  R.  1  E.,  sec.  33  . 

\V.  H.  Thuers do 


I 


Mrs.  M.  Cold. 


T.  IB.,  R.  1  W.,8ec.  1 


Diame- 
ter. 


Inches. 
2 
2 


J .  R.  Morgan do 

Mrs.  E.  R.  Wadsen do 

(o)  T.  1  8.,  R.  1  W.,  sec.  2 

J.  Harrison do 

F.J.  Outh do 

Mrs.  C.  Bickson do 

J.  H.  Haward do 

J .  Taylow do 

Rio  G rande  Rwy ' do 

H.  L.  Eyler T.  1  8.,  R.  1  W.,  sec.  3 

Mortensen T.  1  8.,  R  1  W.,  sec.  4 

R.Boss T.  18.,R.  lW.,sec.  5 

E.  B  Swan do 

J.  Rodgers T.  1  8.,  R.  1  W.,  sec.  7 

Do do 

Do do 

P.Schonfeld T.  1  8.,  R  1  W.,8ec.  8 

Brighton  School T.  1  S.,  R.  1  W.,  sec.  9 

H.J.  Walk do 

H.E.Evans T.  1  8.,  R.  1  W.,  sec.  10 

W.Baden T.  1  8.,  R.  1  W.,  sec.  11 

W.  J.  Kinsman do 

Cannon do : 

Sodbury do 

k .  Bailey ! do 

J.Cleveland ) do 

a  Owner's  name  unknown. 


I 


Depth. 

Feet. 
130 
255 

83 

209  I 
211  ! 
203 
150 

90 
130 

80 
244 
210 

70 
196 
235 

leo 

160  : 
165  I 
193  I 
55 
33 
25 
54-56 
70-150 
25 
520 
350 
317 
300 
202 
120 
1,100 
114 
318 
335 
95 
1,072 
381 
280 
360 
385 
154  . 
405 
154 
325 
320 
98 
624 
377 
130  I 
165  I 

367-387  i 
456 


Height  of     Yield  pr 
water.         minuto. 


Feet. 

+ 
4- 
+ 
4- 

+ 
+ 
4- 
+ 


OaUong. 
20 
30 

40 
20 

12 
(?)  110 


+ 
+ 
+ 
+ 
4- 
+ 
+ 

+ 
4- 
4- 
4- 


16 


+  '                 28 

+  35 

+  6 

+  20 

+         

4-  1-12 

+         

4-  1 

-  24    

-22    

-419    

+  25 

+  1 

+  20 

4  2 

4 

4-  30 

4-  li 

+  6 

•4-  4 

+  24 

+  30                   80 

-f  16 

+  3 

4-  4J                    7 

+  6 


1 

5-« 

1 

30-40 

9 

20-30 

6-7 

25 

6-6 

60-70 
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UNDERGROUND    WATER   IN    VALLEYS    OF    UTAH. 


WdU  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 


Location. 


,  R.  I  W.,8ec.  13. 


E.Kidd T.  1  S..  R.  1  W.,  sec.  12 

A.H.White do 

J.Anderson T.  1  S. 

J.  H.  Shaffer do 

Lambert  Paper  Co do 

R.  Cutler do 

J.  Gabbot do 

(a)  ' do 

J.S.  McCallan T.  18. 

J.  G.  aumman T.  1  S. 

Schoolhouse T.  1  8. 

8.  r.  Sudbury 

L.  S.  Hansen 


R.  1  W.,sec.  14 
R.  1  W.,8ec.  16 
R.  1  W.,8ec.  17 
T.  1  8..  R.  1  W.,  sec.  18 
T.  1  8.,  R.  1  W.,  sec.  21 


N.  Hansen T.  1  S.,  R.  1  W.,  sec.  24 

S.  Sorensen do 

Gilchrist T.  1  8.,  R.  1  W.,  sec.  25 

Rockhlll do 

P.  Austin do 

G.H.Walton do 

B.  Harmon T.  1  8.,  R.  1  W.,  sec.  28 

(o)                     T.  18.,R.  lW.,8ec.28 
Murray do 

C.  J.  Lambert |  T.  1  8.,  R.  1  W.,  sec.  29 

L.  Burden do 


N.  P.  Peterson I  T.  1  8.,  R.  1  W.,8ec.  31. 

J.  C.  Poulton I do 

(o)  1  T.  IS.,  R.  1  W.,8ec.  32. 

T.R.Jones i  T.  1  8.,  R.  1  W.,8ec.  35. 

Do '    ...do 


(«) 
J.  P.  Anderson . 

(•) 

(«) 
Wolstenholm . . . 

Spencer 

Oslen ! do 

Butterworth ' do 

T.West 

N.T.  West ' do. 

J.Michaels I  T.  1  8.,  R.  2  W.,  see.  23. 


T.  18.,  R.  1  W.,8ec.  36... 
T.  lS.,R.2W.,sec.  1.... 

....do 

T.  1  S.,  R.  2  W.,  sec.  14... 
T.  IS.,  R.  2  W.,  sec.  21... 
....do 


.    T.  18.,  R.2W.,sec.22. 


J.  Hayhoe . 


T.  l8.,R.2W.,Bec.  26. 


Diame-      fv»«#ii    I  H«gbt  of     Yield  per 


Inehea. 


•I 


■I 


— 

-  — 

Feet. 

Feet. 

OaOon*. 

475 

+ 

25 

300 

+ 

5-15 

400 

60 

18 

177 

10 

315 

4- 

45 

380 

+ 

10-15 

275 

+ 

16 

355 

+ 

25 

330 

+ 

25 

400 

+ 

12 

412 

+  12 

25 

+ 

15 

145 

385 

_ 

3 

n 

2 

li' 

li| 

u, 


Goodwin T.  1  8.,  R.  2  W.,sec.  27... 

A.  Cockerill j  T.  1  8.,  R.  2  W.,  sec.  29. . . 

Spelrs T.  1  8.,  R.  2  W.,  sec.  33... 

J.  Kersey '  T.  1  8.,  R.  2  W.,  sec.  34... 

Inland  Crystal  Salt  Co . '  T.  1  8.,  R.  3  W .,  sec.  2 

Salt  Lake  and  Los  An-   do 

geles  Rwy.  Co. 

P.  J.  Reid ■  T.  1  S.,  R.  3  W.,  sec.  24... 

J.  Bertock do 

J.  NeUson T.  2  S..  R.  1  E.,  sec.  3 

G.  Coleman do 

T.  Newman do ' 

T.  Oundesaer,  Jr i  T.  2  8.,  R.  1  E.,  sec.  4 1 

a  Owner's  name  unknown. 


130  I 
1»  ' 
145  I 
350 
350 
290 
I 


182  I 

70 

50 

60 
290 
345  I 

75 
140 
160 
260 
150 

30 

68 
150 
175  , 

40 

40 

90, 
177  , 

27I 
118  j 

84  ! 
166  ' 
720  , 
330 

134 

73 
540 

62  I 

65  I 
18  I 


+30  , 
+30  ' 


+ 
+ 


-30 
-51 


+ 
+ 
+ 
+ 
+ 


5 
3 
10 
2 


+ 

15 

+ 

6 

+  3 

12 

+  6 

25 

+ 

5 

-71 

-14 

—66 

+  9 

8 

+12 

20 

Dry. 
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Wells  in  Jordan  River  and  Utah  Lake  valley 8 — Continued. 


Name  ol  owner. 


Location. 


1  Diame-      v%^r^*h       Height  of     Yield  per 
1      ter.      !   ^epi'^-        water,         minute. 


T.  R.  Brockbank T.  2  S.,  R.  1  E.,8ec.  4. 

Do do 

J.  Southerland do 

Do do 

Do I do 

Do ' do 

W.  Templeman do 

F.  Hopp do 

A.  Fuller do 

Do do 

P.  C.  Brizen do 

J.Wright ;  T.  2  S.,  R.  1  E.,  sec.  5. 

E.  Pu^ do 

S.  A.  WiUiams do 

Mrs.  A.  D.  Park do 

0.  Lemon do 

H.J.  BuUock T.2S.,R.  lE.,8ec.  6. 

T.  Powell do 

H.Park ' do 

W.  Hill.sr do 

Do do 

W.  Hilljr do 

G.  E.  Christensen do 

J.Godfrey T.2  8.,  R.  1  E.,8ec.  7. 

1.  Haekley do 

Mre.  B.  Erickson ' do 

J.  S.  Williama do 

A.  E.  WUUams do 

L.  wmiams do 

T.Martin :.. do 

E.  Warenski do 

C.  E.  Warenski do 

J.  R.  Miller T.  2  S.,  R.  1  E.,  sec.  8. 

W.Noble do 

M.M.Miller do 

Do. do 


Inches. 


T.H.Pieree 

C.  West 

J.Walker 

State  fish  hatchery 

Do 

Do 

A.  GUlard 

H.  Brlnton 

J.  R.  Hansen 

L.  B.Howard 

A.  Scott 

H.Bagley 

Do 

W.  Rejmolds | do 

F.  Biinton do 

C.Ba^ey ' do 

Do do 

R.Anderson |  T.  2  S. 

IRR  167—06 5 


....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
T.  2  S., 
....do. 
....do. 
....do. 
....do. 


R.  1  E.,  sec.  9  . 


R.  IE.,  sec.  10 

a  Drv  9  months  in  year. 


2  ' 
2 

2  ' 

3l 
2 

2l 

3  I 


4    . 
4  |. 

2 


Feet. 

104 

102 

76 

78 

99 

232 

225 

70-100 

65 

335  : 
122  ' 
200 
108  I 
180  . 
90  I 
384  I 
100  I 
194  I 
90! 
255  I 
80  I 
255  I 
210  I 
150  ' 
115 
80 
315 
100 
190 
180 
230 
300 
215 
230 
85 
82 
80 
172 
80 


80 
310 


120 

148 

96 

275-250 

60 

100-103 

9^-96 

100 


Feet. 

+ 
+ 
+ 


Oallotu. 
46 
25 
15 
24 
4 


+ 

2(V-34 

+ 

4 

+ 

20 

-70 

+ 

li 

+ 

25 

+ 

*  3^ 

+ 

2 

+ 

5 

+ 

10 

+ 

10 

+ 

32 

-1- 

28 

+ 

4 

+ 

40 

+ 

20 

+ 

40 

+ 

1 

+ 

30 

+ 

16 

+ 

4 

+ 

10 

+ 

38 

+ 

2 

+ 

10 

+ 

7 

4- 

(7)160 

+ 

22 

4- 

20 

+ 

10 

+ 

20 

+ 

(7)130 

+ 

(?)100 

+ 

40 

+ 

17 

+ 

30 

+ 

6 

+ 

18 

+ 

20 

+ 
+ 
+ 
+ 


(?)100 
43 
25 
20 
30 

(«) 
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UNDERGROUND    WATER   IN    VALLEYS    OF   UTAH. 


Wells  in  Jordan  River  and  Utah  Lake  vaUeys — Continued. 


Name  of  owner. 


Location. 


Diame- 
ter. 


Inches. 


A.  Olander T.  2  S.,  R.  1  E.,  sec.  15. . 

J.  Spiilet do 

J.Smith I  T.  2S.,  R.  1  K.,  sec.  16.. 

J.  Ilemmert do 

S.  Neilson do 

S.  F.Smith do 

A.  L.  Hansen ' do 

J.  W.  McHenry do 

J.  Hobbs do 

J.  Furgeson ' do 

I.  Furgeson do 

O.  Headman v do 

J.  Brlghouse T.  2  S.,  R.  1  E.,  sec.  17.. 

H.V.Ballard | do 

G.  Peterson do 

District  school do 

R.  Brown do 

R.  M.  Ballard do 

Mrs.  Shumann. do , 

n.  E.  Howe do 

D.  A.  Rauser do 

J.  T.  Erickson do 

F.  C.  Howe do 

Do do 

J.  B.  Thompson do , 

Do do 

E.Taylor T  2  S.,  R.  1  E.,  sec.  18. 

E.  Gillen do 

H.  Berger do , 

C.  Turner do 

H.  Chambers do 

J.  Jones do , 

J.  H.  Wheeler do 

South       Cottonwood    do 

Ward. 

Do do 

Mrs.  J.  Clark , do 

M.  Sibbs I  T.2S.,  R.  1  E.,  sec.  19. 

N.  Nelson do 

C.  Atkinson '  T.  2  S.,  R.  1  E.,  sec.  20. 

H.  Wheeler do 

C.  B.  Walder do 

C.  J.  Wright do 

W.Barrett T.  2  S.,  R.  1  E.,  sec.  21. 

J.  E.  Brown do 

H.  C.  L.  Russell do 


I  , 


J.  W.  Fawlke T.  2  S.,  R.  1  E.,  sec.  22. 

A.  Fawlke do 

S.Jones j  T.  2  8.,  R.  1  E.,  sec.  26. 

A.  D.  Brown j  T.  2  S.,  R.  1  E.,  sec.  27. 

(o)  I  T.  2S.,  R.  1  E.,  sec.  28. 

W.  Baggas '  T.  2  S.,  R.  1  E.,  sec.  29. 

D.M.  Griffin do 

J.  .\.  Wagstafl I do 


3*' 


2 
2  ' 

;,i 

2 


o  Owner's  name  unknown. 


>epth. 

Height  of 
water. 

Yield  per 
minute. 

Feet. 

Feet. 

OalUnu. 

18 

-  16 

-  10-11 

-  4-17 

15 

20 

78 

-  40 

-  8-10 

18-20 

20 

-  10 

-  11 

-  12 

-  9 

-4- 

22 

18 

113 

60 

17 

60 

+ 

92 

+   16 

58 

30 

83 

■f     8 

50 

14 

-  9 

-  12 

+     8 

250 

40 

46 

+ 

35 

50-60 

+ 

20 

60 

-f- 

22 

45 

+ 

(« 

175 

-H 

2 

90 

+ 

35 

190 

+ 

35 

75 

4- 

45 

80 

■f 

(4) 

125 

-117 

-  10 

-  4-13 

20-30 

90 

7(^-80 

200 

-  10 

- 

+ 

22 

75-100 

20 

75-100 

+ 

40 

110 

+ 

60 

18 

-  4 

-  8 

50 

22 

10 

12 

22 

10 

-30 

-  55 

-  93 

: 

- 

16 

13 

50 

6 

12 

80 

96 

125 

18 

22 

35 

M8T   OF  TYPICAL   WKLL8. 
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For  4-inch  pipe,  multiply  discharge  of  3-iiich  pipe  by 4.00 

For  4Hocb  pipe,  multiply  diacharge  of  2-inch  pipe  by 5.06 

For  5-inch  pipe,  multiply  discharge  of  2-incb  pipe  by 6. 25 

For  64nch  pipe,  multiply  diacharge  of  2-inch  pipe  by 9.00 

For  84nch  pipe,  multiply  discharge  of  2-inch  pipe  by 16.00 

LIST  OF  TTPIOAL  WXXX8. 

WelU  in  Jordan  River  and  Utah  Lake  vaUtys. 

[Heiglit  of  water  above  surface  indicated  by  plus  4- :  below  surface  indicated  by  minus  — .] 


Name  of  owner. 

Location. 

Diame- 
ter. 

Inchet. 

Depth. 

Feet. 
75 
61 
48 
35 
18 
312 

Height  of 
water. 

Feet. 

-14 

4- 

4- 

4- 

4- 

4- 

-♦- 

4- 

-20-50 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4-  1 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

Yield  per 
minute. 

B.  Young 

T.  IN.,  R.  IE.,  sec.  31 

.do 

Galltmt. 

J.  L.  Haywood 

R.  R.  Anderson 

do 

C.  R.  Savage 

T.  1  N..  R.  1  E..  S6C.  32 

G.  A.  Hatch 

T.  1  N.,  R.  1  W.,  sec.  1 

J.  Howaid 

do 

2 
2 
24 
6 
2 

n 
^* 

2 
2 
2 

2 

\ 

Htockyardff 

T.  1  N..  R.  1  W.,  sec.  3 

5 

T.  Carman 

T.  1  N..  R.  1  W.,  sec.  4 

T.l  N.,  R.  1  W..  sec.  5 

T.  IN.,  R.  1  W.,  sec.9 

T.  1  N..  R.  1  W.,  sec.  10 

do 

1} 

F.S.Rudy 

J.  K.  Peterson 

J.Minegar 

1,002 

497 

150 

250 

50 

479 

400 

450 

160 

330 

28 

26 

60-70 

80 

70 

400 

140 

154 

208 

406 

250 

320 

350 

140 

210 

350 

135 

130 

68 

•     93 

95 

123 

100 

75 

75 

75 

96 

200 

Many. 
6 

Do 

5 

R.  A.  Bosley 

T.  1  N.,  R.  1  W.,  sec.  11 

J.  C.  Hansen 

T.  1  N.,  R.  1  W.,  sec.  15 

W.  S.  McDonald 

T.  1  N.,  R.  1  W.,  sec.  17. . .   . . 

40 

Gun  Club ...        .  . 

T.  1  N.,  R.  1  W.,  sec.  21 

T.  1  N.,  R.  1  W..  sec.  22 

do 

30 

J.  Herridge..  .      . 

3-7 

G.  Baldwin 

3 

C  A.  .\nder8on 

T.  1  N.,  R.  1  W.,  sec.  23 

do 

P.  Olene 

S.  Bambeiger 

T.  I  N.,  R.  1  W.,  sec.  26 

2 
li 
U 
2 

2 
2 
2 
\\ 
2 
2 
U 
2 
2 

;* 

u 

2 
2 
IJ 

G.  Fritt 

do 

2 

J.  Withers 

do 

T.  1  N.,  R.  1  W.,  sec.  26 

do 

3 

a   IfurtiTi    , . . 

1-2 

A.J.Davis 

T.  1  N..  R.  1  W.,  sec.  27 

do 

1 

F.W.  Kettle 

A.  M.Davis 

T.  1  N.,  R.  1  W.,  sec.  34 

25 

Do.   .   . 

.do 

1 

E.King 

do 

li 

Wantland 

do 

1 

J.J.  Sears 

T.  1  N.,  R.  1  W.,  sec.  35 

do 

Do 

5 

Do 

do 

15 

p.  dine 

do 

2 

do 

3 

J.  W.  Evans 

do 

2 

W.  Pearson 

T.  1  N.,  R.  1  W.,  sec.  36 

do 

15 

J.  W.  Haddock 

35 

A.  Elkins 

do 

30 

A.  J.  Ridges 

do 

25 

W.Spicer 

do 

5-20 

J.  SandboTgx 

do 

H.  Price 

do 

2 

Mrs.  Winters 

do 

do 

R.  Griffith 

20 
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Wella  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 

Location. 

Diame- 
ter. 

Depth. 
Feet. 

Height  of 
water. 

Yield  per 
minute. 

Inches. 

Feet. 

QalUms. 

S.  A.  Oibbs 

T. 
T. 
T. 

T 

1  N.,  R.  1  W.,aec.  36 

2-3 

75-80 
400 
401 
465 

+ 

+ 

+ 

40 

F.  Auerbach 

1  N.,  R.  2  W.,  sec.  25 

J.  Bond 

1  N..  R.2  W.,  sec.  29 

4 

Do 

.do...   . 

9 

CuUen  Dairy 

J.Walker 

1  N,  R.  2.W.,  sec.  35 

2 

T. 

1  S.,  R.  1  E..  sec.  5 

1) 

80 

+ 

20 

P.  J.  Stone 

..do 

16 
73 
45 
29 

-  6 

J.  Lunn 

do  . 

W.J.  Kelson 

.do 

S.  McKay 

Speirs 

Do 

..do 

..do 



40 

-12 

T 

do 

12 
75 

-  6 

J.E.Wesley 

J.  Warburton 

1  S.,  R.  1  E.,  sec.  6       

..do 

2 

2 

82 
387 

+ 

+ 

7 

H.  S.  Sampson 

..do 

8 

W.  Wheeler 

..do 

10 

_ 

T.  Gollghtly 

8.  K.  Hansen 

do  . 

2 

100 

4- 

..do 

162 

+ 

6^ 

W.N.  Sheets 

T. 

1  S.,  R.  1  E.,  sec.  7 

2 

100 

4- 

30 

F.  Sproul 

..do 

2 

125 

+ 

♦ 

G.Baiber 

..do 



170 

+ 

12 

F.  Rogansky 

..do 

150 

+ 

1 

City,  alwut  16  wells... 

..do 

2-9 

100-eoo 

+36 

(?)eoo 

E.  0.  Butterfield 

..do 

2 

178 

+ 

2-^ 

J.  S.Wooley  and  others 

..do 



150-200 

+ 

20-50 

T.Berg 

..do 

2 

155 

+ 

50 

Do 

..do 

2 

160 

+ 

50 

W.Colton 

..do 

2 

60 

+ 

6 

L.  Badger 

..do 

2 

165 

+ 

30 

J.  W.  Hicks 

..do 

2 

110 

+ 

35 

A.  Duncan 

T 

1  S.,  R.  1  E..8ec.8 

U 

' 

50 

-  1 

T.  Antisill 

..do 

2 

50 

+ 

3 

S.M.  Alley 

8.  H.  Calder 

do 

3 

26 

..do 

2 

246 

+ 



40 

S.Sudbury 

— 

..do 

U 

390 

+ 

8 

J.R.Miller 

..do .- 

2 

207 

+  12 

50 

P.  Rosmason 

do 

41 
28 
42 
100 
130 
85 
51 
54 
56 
18 

-  5-6 

-  7 

-65 
-30-60 

Mrs.  M.  Larsen 

i 

do 

W.  Pickens 

do    - 

A.  Ames.< 

T. 
T. 
T. 

1  8.,  R.  I  E..  sec.  9 

A.S.Martin.. 

IS.,  R.  1  E..  sec.  10 

18.  R.  1  E..  sec.  15 

J.  A.  Shelter 

L.  Hunt 

..do 

A.  Hord... 

T. 

1  S.,  R.  1  E.,  ace.  16.   . 

A.  Martin 

do 

H.  E.  Thorp 

..do 

J.  S.  Southern 

T. 

IS.   R.  1  E.,  sec.  17 

32 
22 

-  4-16 



.do 

J.  E.  Nailor 

do                  

20 
100 

-  5-14 

T  Y  Taylor 

do 

2 

(«) 

..do 

2 

200 

+ 

6 

W.H.  Miller    

..do 

do 

2 

335 
15 
33 

+ 

-  3-11 

-  3 

50 

W.  H.  Burnett 



M.  C.  Sandford 

do                                                     1 

a  Owner's  name  unknown. 
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Wells  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


a  Owner's  name  unknown. 


Name  of  owner. 

Location. 

Diame- 
ter. 

Depth.  1 

Feet. 
33, 
10 
14 

«i 
325' 
300 
100  1 
164 
160 

20| 
72-«2 
500 
600 
636 
150 

40 

325-3C0 

501 

382 

17 

250-300 

322 

560 

40 
296 
100 

50 
160-170 
323 
296 
285 
150 
437 
100 

94 

60 
176 
180 

90 
181  1 

84 
212 

75. 
240  ! 

150 
150-160 
23 
26 
65 
40 

162 : 

166  ' 
21  1 

Height  of 
water. 

Feet. 
-28 

-43 

+ 
+ 

■f 

+ 

+ 
+ 
+ 
4- 

+ 
.      + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-20 

+ 
+ 

-14-15 

Yield  per 
minute. 

J.  A.  James 

T.  IS..  R. 

do... 

...do... 

IK.,  sec.  17 

IE.,  sec.  18 

Inches. 

1 

2 
2 
2 

2 

1 

OalUms. 

(•) 
G.  Hemsley 

J.  Hemsley 

do... 

J.  J.  Hurtt 

T.  1  S..  R. 
do... 

4-5 

T.  Fuigesou 

30-40 

W.N.  Sheets  ... 

.do... 

30 

M.  Gray 

do... 

10 

F.  n.  Woodbury 

do... 

18 

M.  P.  Holmes 

do... 

E.  H.  Stout 

do... 

IE.,  sec.  19 

IE.,  sec.  20 

....;        2 

2 
....                2 

....|               2 
2 

::::     ^i 

3| 

:::: 2! 

2 

3 

....,     2 

2; 

ij' 

3 
2 
2 
2 , 

2i 

2 
2 

....!           2 ' 
2 

2 
1} 
2 
2 
....            2 

2 

....'           3 
2 

30-40 

J.  H. Cochran.. 

.      .do... 

5 

F.  Prittlsh 

do... 

12-14 

Salt  Lake  Co 

do... 

(?)  150 

E.  Jepson 

do... 

10 

F.  Wittich 

..do... 

18 

L.  A.  Kelsh 

do... 

30-40 

D.  Evans 

do... 

80 

Erickson 

do... 

(?)  100 

I.  Riches 

.do... 

...  .do... 

1-13 

E.  S.  Pierce 

do... 

55 

(«) 
W.  H.  Wolstezhoh 

do... 

do... 

.do... 

20-30 

r.  B.  Stock 

10-12 

J.  I.  Freeman 

do... 

5-6 

H.Best 

do... 

8 

A.  Best 

do... 

J.  A.  Bush 

T.  I  S.,  R. 
do... 

J.H.  Tipton 

50-60 

L.  W.  Burton 

do... 

60 

Do 

.do... 

25 

Do 

....do... 

10-£0 

Do 

do... 

J.Riley 

do... 

17-20 

G.  Hall         .  .      - 

.do... 

1 

J.C.Hogan 

J.O.Young 

R.  B.  Young 

M.W.Taylor 

L.  H.Kimball 

Do 

W.  C.  W^inder 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

.do... 

18 
20-25 
20-25 

(?)100 
10 

1 

Do 

A.Walker 

(«) 
E.  P.  Parrot      ...    . 

30 
40 
46 

H.BehUng 

T.  1  8.,  R. 
do... 

H.  Eldridge 

T.R.  Cutler 

do... 

S.  Love                     .     , 

....do... 

5-6 

M.C.Morris 

do... 

i 

N.J.  Hansen 

.do... 

28 

A.  Hoakinson 

do... 
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WeUs  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 


Location. 


!  Diaine-      r»o«*h    '  Height  of     Yield  per 
^j,  uepiii.        water.  minute. 


Inches. 


C.  Hansen T.  1  S.,  R.  1  E.,  sec.  20... 

P.  R.  Ryon do 

G.  Cusiman do 

W.C.  Smoot do 

J.  Neff. T.  1  S..  R.  1  E..  sec.  26. 

C.  Banford do 

J.  Fisher T.  1  8..  R.  1  E.,  sec.  27... 

J.  Young do. 


R.  1  E.,  sec.  28. 
R.  1  E..  sec.  29. 


F.  Ereickson T.  1  S.. 

J.Childs T.  IS., 

W.  M.  Tillman do 

F.  Degenhart do 

J.  P.  Cahoon do 

W.  8.  Tlramons do.. 

J.  T.  Guest do 

R.  I'ike do 

J.  Madsen do 

J.  8.  Gustavensen.. do 

H.  Hiarard do 

Mrs.  C.  Green do 

Do do 

S.  F.  Evans...: do 

O.  Reece do 

Do do 

Do do 

L.  Stutts do 

8.  Hicka do 

E.  E.  Keithley do 

H.  Burnett do 

Do do 

W.  J.  Miller do 

G.  Falrboume do 

J.  Tremayave T.  1  S.,  R.  1  E..  sec.  30.. 

G.  Taylor do 

W .  Chant ron do : 

J.  J.  Spencer do 

M.  M.  Listen do 

J.  Cobert do 

School do 

G.  Calder do 

R.  Norman do 

Mrs.  A.  8.  Berg do 

A.  Johansen do 

(a)  do 

Murray  Live  Stock  Co do 

M.  Knudsen do 

L.  White do 

E.  J.  Williams do 

Do do 

C.  Halford do :.... 

A.  M.  Rymarson T.  1  S..  R.  1  E..  sec.  31.. 

Do do 

L.  Parks do 

J.  Uulse do 


26; 

194  . 
187 

40 
260 
190 
200 
184 
215 
208 
209 
245 
245 
141-143 
100  ' 
120 
202 

24 
200 
128  ' 
251 
104  ' 
235 
240  , 
110 
216 
218  , 
130 
100 

175' 


"I 


300 

18S-230 

82-83 

50 

160 

202 

72 

237 

160 


Feet. 

Feet. 

OitUons. 

22 

-  18 

158 

+ 

80 

18! 

-  15 

22 

-  19 

23  1 

-  20 

100  ' 

33' 

184  ' 

-104 

27 

-  25 

55 

_ 

37 


-  34 

-  16 

+ 


+ 

+ 
+ 

+ 
+ 
+ 


+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 


11 


30 
30 
13 
40 
30 
(?)  100 


20 
20 
20 


30 

17 
5 
24 
12 
45 


28 

8 

30 

40-69 

20 


,      + 

60 

'      + 

25 

+ 

I 

.  + 

10 

+ 

35 

+ 

6 

1     + 

20 

a  Owner's  name  unk  nown. 


LIST   OF  TYPICAL   WELLS. 


63 


Wells  in  Jordan  River  and  Utah  Lake  valleys  —Continued. 


Name  of  owner. 


Location. 


J.  Hutoe !  T.  1  S.,  R.  1  E.,  sec.  31.. 

Do do 

J.  Piparson do * 

C.  Bell do 

Do ' do 

J.  Bert do 

C.  Cramer do 

Do do 

N.White do 

J.  Anderson do 

S.  Ilaslam do 

E.  Huish T.  1  8.,  R.  1  E.,8«c.32.. 

Do do 

S-  W.  Moyle ' do 

J.  Comwell do 

Do do 

Do do 

Do do 

8.  A.  Comwell do 

Do do 

A.  Young do 

E.  Bailey.....' do 

L.  E.  Sowers do 

J.  W.  Murphy do 

C.  A.  North T.  1  S.,  R.  1  E.,  Bee.  33  . 

W.  H.  Thiiers do 

P.  C.  Brizen do 

Mrs.  M.  Cold T.  1  8.,  R.  1  W.,  sec.  I.. 

J.  R.  Morgan ' do 

Mr8.E.  R.  Wadsen....' do 

(a)  T.  1  S.,R.  lW.,»ec.  2.. 

J.  Harrison do 

F.J.  Guth do 

Mrs.  C.  Bickson do 

J.  H.  Haward ' do 

J .  Taylow do 

Rio  Grande  Rwy do 

H.  L.  Eyler T.  1  8.,  R.  1  W.,  sec.  3. . 

Mortensen T.  18.,  R  1  W.,8ec.  4... 

R.  Boss T.  1  S.,  R.  1  W.,8ec.  5.. 

E.  BSwan do 

J.  Rodgers T.  1  8.,  R.  1  W.,  soc.  7  .. 

Do do 

Do do 

F.  Schonfeld T.  1  S.,  R  1  W.,  sec.  8.. 

Bri|?hton  8chool T.  1  8.,  R.  1  W.,8ec.  9.. 

H.J.  Walk do 

H.  E.Evans T.  1  S.,  R.  1  W.,sec.  10 

W.  Baden T.  1  8.,  R.  1  W.,8ec.  11. 

W.  J.  Kinsman do 

Cannon ' do 

Sudbury do 

A .  Bailey , do 

J.  dereland i do 


Diame- 
ter. 

Inchet. 
2 

2 


I>epth. 


3 
3  , 

n 

2 

? 

3 
2 
2 
2 

'1 

4 

2  ' 

2 

2 

11 
2 

14 

2 
2 

2  , 
2 


Height  of     Yield  per 
I     water.         minute. 


Feft.  , 
130  ! 
255  i 

83 

200  I 
211  ' 
203 
150 

90 
130 

80 
244 
210 

70 
196 
235 
160 
K30 
165 
193 

55 

33 

25 
54-56 
70-150 

2.5 
520 
350 
317 
300 
202 
120 
1,100 
114 
318 
335 

95 
1,072 
381 
280 
360  { 
385  I 
154  ; 
405 
154 
325 
320 

98 
624 
377  I 
130  I 
165  I 

367-387 

456  I 


OallonM. 
20 
30 

40 

20 

12 

(?)  110 


Feet. 

■f 

+ 
4- 
+ 

+  

+  15 

+  ,          » 

+  .                  8 

+  28 

+  35 

+  6 

+  20 

+         

+  1-12 

+  

+  1 
+ 

-  24    

—  22    

-419    

+  25 

+  1 

+  20 

+  2 

+ 

+  30 

+  li 

-f  '■                  6 

-I-  4 

+  2J 

4-30  80 

+  16 

4-  3 

4     4i  7 

-I-  6 


4- 
4- 
4- 
+ 
4 
+ 
4- 
4 
+ 
+ 
+ 
+ 


1 

5-6 

1 

30-40 

9 

20-30 

6-7 

25 

5-6 

60-70 


o  Owner's  name  unknown. 
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Name  of  owner. 


Wells  in  Jordan  River  and  Utah  Lake  valleys — Continued 

Depth 


Location. 


R.  1W.,80C.  12 
R.  1  W., 


13. 


E.  Kldd T.  1  B., 

A.H.White [ do. 

J.Anderson T.  1  S., 

J.  H.  Shaffer do 

Lambert  Paper  Co do . . .'. 

R .  Cutler ' do 

J.  Gabbot ' do 

(o)  do 

J.  8.  McCallan T.  1  8.,  R.  1  W.,ijec.  14.. 

J.  G.  Gumman T.  1  8.,  R.  1  W.,  aec.  16.. 

Schoolhouse T.  1  S.,  R.  1  W.,  Bee.  17.. 

8.  C.  Sudbury |  T.  1  8.,  R.  1  W.,  sec.  18.. 

L.  8.  Hansen '  T.  1  8.,  R.  I  W.,  aec.  21.. 

N.Hansen T.  1  8.,  R.  1  W.,  see.  24.. 

8.  Sorensen do 

Gilchrist I  T.  1  8.,  R.  1  W.,  sec.  25.. 

RockhUl ' do 

P.  Austin do 

G.H.Walton ' do 

B.Harmon T.  1  8., 

(a)  I  T.  1  S., 

Murray do 

C.J.Lambert T.  1  8.,  R.  1  W.,  sec.  29. 

L.  Burden I do 

N.  P.  Peterson T.  1  8.,  R.  1  W.,  sec.  31. 

J.  C.  Poulton do 

(o)  '  I  T.  1  8., 


,  R.  1  W..sec.  26. 
,  R.  1  W.,  sec.  28. 


,  R.  1  W.,8ec.2 


1  8.,R.  1  W.,sec.35. 

....do 

T.  1  8.,R.  1  W.,Bec.36. 
T.  1S.,R.  2W.,8ec.  1.. 

....do 

T.  1  8.,  R.  2  W.,  sec.  14. 
T.  18.,R.2W.,sec.  21. 

....do 

....do 

....do 

T.  1  8.,  R.  2  W.,  sec.  22. 


Diame- 
ter. 


Inctiea. 


I 


.1. 


.1. 


Feet. 
476 
300 
400 
18 
177 
315 
380 
276 
366 
330 
400 
412 


T.  R.Jones I  T 

Do !... 

(«) 
J.  P.  Anderson... 

(«) 

(«) 

Wolstenholm 

Spencer 

Oslen 

Butterworth 

T.West 

N.  T.  West j do 

J.  Michaels I  T.  1  8.,  R.  2  W.,  sec.  23. 

J.  Hayhoe '  T.  1  8.,  R.  2  W.,  sec.  26. 

Goodwin T.  1  8.,  R.  2  W.,  sec.  27. 

A .  Cockerill |T.18.,R.2W.,sec.29. 

Speirs T.  1  8.,  R.  2  W.,  sec.  33. 

J.  Kersey T.  1  8.,  R.  2  W.,  sec.  34. 

Inland  Crystal  Salt  Co.   T.  1  8.,  R.  3  W.,  sec.  2.. 

Salt  Lake  and  Los  An-   do 

geles  Rwy.  Co. 

P.  J.  Rcld '  T.  18.,  R.  3  W.,  sec.  24. 

J.  Bertock do 

J.  Neilson T.  2  8.,  R.  1  E.,8ec.  3.. 

G.  Coleman do , 

T.  Newman do , 

T.  Gundesser,  Jr T.  2S.,R.  1  E.,sec.  4... 

a  Owner's  name  unknown. 


IJ 
2 

n\. 

14, 
U 


!  Height  of 
water. 

Yield  per 
minute. 

Feet. 

OdUon*. 

+ 

35 

+ 

5-15 

60 

10 

+ 

45 

+ 

ia-15 

+ 

16 

+ 

25 

+ 

25 

+ 

12 

+  12 

25 

+ 

15 

146 
385 
130 
120 
145 
350 
350 
200 


182 

70 

50 

60 
290 
345 

75 

140  I 
160 
260 
150 

30  ' 

68 
150 
176 

40 

«l 

90 
177  , 

27  ' 
118  I 

84  I 
166 
720 
330 

134 

73 

540 

62  I 
65  I 
18  . 


+30  . 

+30  |. 

+ 
+ 


+ 
+ 
+ 
+ 

+ 


+ 
+ 


5 
3 

10 

2 


+ 

15 

+ 

6 

+  3 

12 

+  6 

25 

+ 

5 

-?! 

>14 

—66 

+  9 

8 

+  12 

20 

Dry. 
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WdU  in  Jordan  River  and  Utah  Lake  vaJUya — Continued. 


Name  of  owner. 

Location. 

Diame- 
ter. 

Dopth. 
Feet. 

Height  of 
water. 

Yield  per 
minute. 

Jnchet. 

Feet. 

Qallons. 

T.  R.  Brockbank 

T. 

2  S.,  R.  1  E.,  sec.  4 

104 

+ 

46 

Do 

..do ; 

102 

+ 

25 

J.  Southerland 

... 

..do 

2 

76 

4- 

15 

Do 

..do 

2 

78 

-f 

24 

Do 

..do 

2 

99 

+ 

4 

Do 

..do 

3 
2 

232 
225 

~ 

W.  Templeman 

F.  Hopp 

..do 

..do 

2 

70-100 

+ 

20-34 

A.  FuUer 

" 

..do 

2 

65 
335 
122 
200 

4- 
-70 

4 

Do 

..do 

20 

p  r,  Brir^n . 

..do 

3 

J.Wright 

2  8..  R.  1  E.,  sec.  5 

li 

E.  Pugh 

«?     A    WilHl»Tnfl 

..do 

2 

106 

4- 

25 

..do 

2 

180 
90 

+ 
+ 

*     3^ 

Mr8.A.  D.Park 

..do 

2 

O*  I^mon 

... 

..do 

384 
100 

+ 
+ 

5 

H.J.Bullock 

2  8..  R.  IE.,  sec.  6 

2 

10 

T.  Powell 

..do 

2 

194 

+ 

10 

H.Park 

..do 

2 

90 

+ 

32 

W.Hill,sr 

..do 

2 

255 

+ 

28 

Do 

..do 

2 

80 

+ 

4 

W.  Hm,jr 

..do 

2 

255 

+ 

40 

G.  E.  Chriatenaen 

..do 

2 

210 

4- 

20 

J.  Godirey 

2  S.,  R.  1  E.,  sec.  7 

2 

150 

4- 

40 

I.  Hackley 

..do 

3 

115 

4- 

1 

Mrs.  B.  Erlckson 

..do 

2 

80 

4- 

30 

J.  3.  Williams 



..do 

2 

315 

+ 

15 

A.  E.  wmiams 

..do 

2 

100 

+ 

4 

I.,  WIlliHTnf      , , , 

.do 

190 
189 

4- 
4- 

10 

T.Martin 

..do 

2 

38 

E.  Warenski 

... 

_ 

..do 

230 
300 
215 
230 

85 

+ 
+ 
4- 
4- 

4- 

C.  E.  Warenaki 

..do : 

2 

J.  R.  Miller 

2  S.,  R.  1  E.,  sec.  8    

10 

W.  Noble 

..do 

7 

M.M.Miller 

..do 

5 

(?)160 

Do 

..do 

2 

82 

4- 

22 

T.  H.Pieroe 

..do 

..do 

.do 

4 

80 
172 
80 

4- 
4- 
4- 
4- 

20 

C.  West 

10 

J.Walker 

20 

State  fish  hatchery 

(7)130 

Do 

..do 

4 

4- 

(?)100 

Do 

..do 

..do 

..do 

2  S.,  R.  1  E.,  sec.  9 

2 
2 

80 
310 

120 

4- 

4- 
4- 
4- 

40 

Jl.Oniard 

17 

H.  Brinton 

30 

J.  R.  Hansen 

6 

L.  B.  Howard 

..do 

..do 

..do 

2 

2 
2 

148 
275-250 

: 

4- 

18 

A.  Scott 

20 

H.  Bagley 

I>o. 

..do 

3 

60 

+ 

(?)100 

W.  Reynolda 

..do 

2 

100-103 

+ 

43 

F.  Brinton 

..do 

..do 



li 

92-96 
100 

4- 
4- 

25 

C.  BBgiey 

20 

Do 

..do 

2 

4- 

30 

R.  Anderson 

T. 

2  S.,  R.  1  E.,  sec.  10 

a  Drv  9  months  in 

year. 

14 

— 

(«) 

IRR  157—06- 

5 
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UNDERGROUND    WATER   IN    VALLEYS    OF   UTAH. 


WeUa  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner.       I 


Location. 


A.  Olander |  T.  2  8.,  R.  1  E., 

J.  Snillet do 


Diame- 
ter. 


Indus. 


Depth    I  "«*K*^'  ^'  I  Yield  per 


water. 


J.Smith I  T.  2S.,  R.  1  E.,  sec.  16. 

J.  Hemmert ' do 

S.  Neilson do 

S.  F.Smith I do 

A.  L.  Hansen do 

J.  W.  McHenry ! do 

J.  Hobbs do 

J.  Furgeson I do 

I.  Furgeson do 

O.  Headman •. . . .  ^ do 

J.  Brlghouse 


T.  2  S..  R.  1  E.,  sec.  17. 


H.V.  Ballard do 

G.  Peterson do 

District  school do 

R.  Brown ' do 

R.  M.  Ballard do 

Mrs.  Shumann. ! do 

n.  E.  Howe do 

D.  A.  Rauser ...do 

J.  T.  Erlckson ' do 

F.  C.  Howe do 

Do ' do 

J.  B.  Thompson do 

Do do 

E.Taylor '  T  2  S.,  R.  1  E.,  sec.  18. 

E.  Gillen do 

H .  Berger ' do 

C.  Turner do 

H.  Chambers ' do 

J.  Jones do 

J.H.Wheeler ' do 

South       Cottonwood    do 

Ward. 


Do. 


I 


.do. 


Mrs.  J.  Clark , do 

M.  Sibbs I  T.  2S.,  R.  ] 

N.  Nelson do 


E., 


C.  Atkinson T.  2  S.,  R.  1  E.,  sec.  20. 

H.Wheeler ! do 

C.  B.  Walder ' do 

C.J.  Wright ' do 

W.  Barrett |  T.  2  S.,  R.  1  E.,  sec.  21. 

J.  E.  Brown do 


t 


t 


2 

2  ! 

2 


H.  C.  L.  Russell j do 

J.  W.  Fawlke..... 1  T.  2  S.,  R.  1  E.,  sec.  22.... 

A.  Fawlke do 

S.Jones I  T.  2  8.,  R.  1  £.,  sec.  26 

A.  D.  Brown j  T.  2  S.,  R.  1  E.,  sec.  27 

(o)  I  T.  2  S.,  R.  1  E.,  sec.  28 ! 

W.  Baggas '. T.  2  8.,  R.  1  E.,  sec.  29 

D.M.  Griffin I do 

J.  A.  WagsUff I do 

a  Owner's  name  unknown. 


Feet. 

18  ! 

15  I 

78 

18-20  I 

20 

22| 
18  ! 
113  > 

eo  , 

60  I 
92  I 
58  I 
83  I 
14  ► 
250  I 
40  I 
46  . 
50-60  ! 
60 
45  I 
175  I 
90 

190  I 
75 
80  I 
125  ' 
20-30  I 

90 

7(M» 

200  I 

22 

75-100  ! 

75-100 

no  I 
.«' 

22 
10  , 
12  I 
22 
10 
16 
13 
50 


Feet.  Gallons. 

-16        I 

-  10-11    

-  4-17    

-  40         

-  8-10    

-  10         

-  11         

-  12         

-  9         

■+-  17 

I 

+  16        I                     30 

-  9         '. 

-  12         

+    8        j 

-I-  '                    35 

-I-  j                    20 

+  I                    22 

4-  I                       2 

+  I              as 

-f-  I               4r> 

-k-  a) 

-117         

-  10 

-  4-13  , 

-  10        I 

+ 

-  4 


I. 


!   _ 


12  ^       - 
80         -  55 


125 
18 
22 
35 


20 
40 


W 
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Wdls  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner. 


Location. 


.  R.  I  £.,Bec.29. 
,  R.  1  E.,  sec.  30.. 


N.  Morquist j  T.  2  S. 

M.  Holmes '  T.2S. 

n.  Chambers do 

J.Jones do 

0.  a.  Nelson |  T.  2  S.,  R.  1  E.,  sec.  31. 

C,  G.Johnson do 

Cf.  L.  Rosengren. do 

H.  M.  Pearson do 

A.Neilaon ' do 

H.  Laraen do 

I..  Jscobson do , 

W.  Dugger T.  2  S.,  R.  1  E.,  sec.  32 

A.  Hansen ' do 

K.  E.  Osbund do 

n.C.  Monten T.2S.,  R.  1  E.,  sec.  33 

J.  F.  Proctor T.  2  S.,  R.  IE.,  sec.  34 

W.  Rasmanson T.  2  S.,  R.  1  E.,  sec.  35 

H.  Covert ' do 

Clark T.2S., 

J.M.Wood do 

E.  Erickson do 

Lumston ' do 

(»^  do 

Oleason I do 

J.  Hays. do 

J.Harper T.  2  S., 

J.M.Hantell ' do 

J.Mackey T.2S. 

Barker do 

(b)  j  T.  2S., 

Parker |  T.  2  S. 

.^hool do 

Snider do 


McAllister \  T.  2  .<?.,  R.  1  W.,  sec.  9. 

n.  McKay T.  2  S.,  R.  1  W.,  sec.  10 

IT.Harker '  T.  2  S.,  R.  1  W.,  sec.  11 

W.H.Hague ; d6 

P.  Swendsen ' do 

B.  Williams j do 

n.  Bueger T.  2  S., 

Western  Pickling  Co ... ' do 

S.  Benson j do 

D.  Adamson | do 

Crpamcry , do 

.\.  E.  Erickson I do 

J.C.Cahoon ■  T.28, 

Mrs.  A.  J.  Plammer.-.l do 


M.  Bishop 

E.B.Tripp 

A.  8.  White 

R.  P.Bin^urst. 
Jones 


do 

do 

T.2  8. 

do 

do 

do 


R.  1  W.,  sec.  H. 


Diame- 
ter. 


Inches. 


,R.  1  W.,  sec.  1 

;i 2 

1 

! 

2 

2 

,  R.  1  W.,  sec.  2 

,R.  IW.,  sec.  3 

,  R.  1  W^.,  sec.  6 

,R.l  W.,8ec.8 

3 

n-,^»K       Height  of  '  Yield  per 
^«P***-        w?ter         minute. 


2 

::;::::::::::::;:::::::::;:i     3 

,  R.  1  W.,  sec.  12 

3 

J   

:::::::::::::;:::::::::::::i 2 

1 

1     2 

1     2 

,R.l  W.,sec.l3 

.1          3 
.!           3 

! 

...'. 2 

2i 
2I 


Feet. 
30 
35 

200 
22 
40-50 
29-^ 
51 
90 
53 
26 
15 

100  I 
14 

200  I 
22  I 
40 
50 
40  , 
40  I 

100  j 

287  i 

140  I 
90  ! 
65  ' 

280 
372  I 
240  ' 
212  I 
260 
56  ' 
157  j 
.120 
150 
110  ' 

141  I 
315  I 
222 
323  , 

85  I 

"I 
100 

350 

249  ' 

117  I 
345  ' 
180 
60 

50  I 

80 

22, 

175 ; 

180  i 


Feet 

OaUons. 

-  26-27 

-     7-10 

-  25-34 

-  26 

-  41 

-  CO 

~ 

-  75 

-2t« 

(«) 

- 

Dry. 

-  26 

+ 

20-36 

+ 

40 

+ 

2 

+ 

22 

+ 

25 

+ 

8 

-  18 

+ 

6 

-  10 

-  25 

j       -  37 

-  «-.o 

-  50 

1 

^      -40 

+ 

36 

-   15 

+ 

5 

-36 

+ 

40 

+ 

15 

+ 

20 

-1- 

20 

-     8 

-  30 

-  61 

-  10       ' 

-«       1 

-  12        1 

-    6       1 

12 


oDiy  in  winter. 


b  Owner's  name  unknown. 
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UNDERGROUND    WATER   IN    VALLEYS    OF    UTAH. 


Wells  in  Jordan  River  and  Utah  Lake  valleys — Continued. 


Name  of  owner.       I 


Location. 


J.  Anderson '  T.  2  S.,  R.  1  W.,  sec.  15. 

School do 

W.  Diamond T.  2  S.,  R.  1  W.,  sec.  22. 

M.  Parker do 

M.  Hansen do 

^a)  T.  2  8..  R.  1  W.,8ec.  23. 

C.  Erickson ,  T.  2S.,  R.  1  W.,  sec.  24. 

E.  Bateman T.  2  8.,  R.  1  W.,  sec.  25. 

(a)  ' do 

Bingham  School , do 

J.  B.  Wright T.  2S.,R.  1  W.,  sec.  26. 

E.  Gardner ' do 

(a)  T.  2S.,R.  1  W.,sec.  27. 

Cooper do 

W.  D.  Runsal do 

A.  L.Cooley '  T.  2S.,  R.  1  W.,  sec.  30. 

Olseii T.  2S.,  R.  1  W.,  see.  33. 

Cannon  Farm T.  2  S.,  R.  1  W.,  sec.  34. 

R.  Egbert do 

P.  T.  Rundquist do 

M.  Pusler T.  2  S.,  R.  1  W.,  sec.  Si. 

J.  Peterson ■ do 

N.  L.  Gardner , do 

G.Hunt T.  2S.,  R.  1  W.,  sec.  36. 

S.  M.  WlUnore ' do 

N.  Nelson i do 

(o)  do 

P.  Jansen do 

P.J.  Wolff T.2S.,  R.2  W.,8ec.  11. 

Olsen T.  2S.,  R.  2  W.,sec.  27. 

H.  Brown T.  3  S.,  R.  1  E.,  sec.  2. . . 

W.  L.  Bateman T.  3  8.,  R.  1  E.,sec.  5... 

E.Johnson |  T.  3^.,  R.  1  E.,  sec.  6... 

C.  Peterson ' do 

A.  Yeltcr '  T.  3  8.,  R.  1  E.,  sec.  7. . . 

H.  P.  Hansen j  T.  3  8.,  R.  1  E.,  sec.  8... 

P.  Anderson |  T.  3  8.,  R.  1  E.,  sec.  9... 

R.  Despain T.  3  8.,  R.  1  E.,  sec.  11.. 

C.  Williams '  T.  3  8.,  R.  1  E.,  sec.  17.. 

F.  Olsen ;  T.  3  8..  R.  1  E.,  sec.  18.. 

P.  A.  Yastrop T.  3  8.,  R.  1  E.,  sec.  19. . 

J.  P.  Jenson do 

E.N.  Fish T.  3  8.,  R.  IE.,  sec.  21.. 

J.  L.  Johnson ■  T.  3  8.,  R.  1  E.,  sec.  22.. 

J.  W.  Smith T.  3  8.,  R.  1  E.,  sec.  28.. 

n.  Pearson ,  T.  3  8.,  R.  1  E.,  sec.  29.. 

J.  Tarry do 

N.  Brown | do 

J.  R.  Stocking do 

A.  J.  Wilson I  T.  3  8.,  R.  1  E.,  sec.  32.. 

J.  R.  Allen ' do 

J.  Ennis do 

J.  Boulter T.  38.,  R.  1  E..  sec.  33.. 

F.  B.  Ladler I do 

a  Owner's  name  unknown. 


Diame- 
ter.     I 


jj^^j,     I  Height  of      Yield  per 


water. 


Indies. 


3 

6  , 

3 

31 


Feet. 

117 

165 

345 

225 

140 

185 

30 

251 

20 

325 

230 

180 

100 

254 

137 

28 

178 

1.000 

52 

80 

217 

127 

309 

21 

225 

190 

50 

30 

174 

150 

38-10 

14-16 

40 

28 

75 

56 

125 

16 

30 

40 

80 

95 

34 


I 


I 


Feet. 

-  50 

-  50 
-110 

-  40 

-  90 

-  24 

-  12 

-  16 

-  60        ' 

-  40 
-20        I 
-30        I 
+  ! 

-  33 

-  20-30 

-  30 

-  24 

-  18 

-  53 

-  25  j 

-  17  I 

-  8  I 

-  75  I 

:.  ! 
■; i 

Ze     i 

-  70        I 

-  45-52  I 


I    Gallofus. 


r 


-  28 

-  24 


10  1 
18  j 
1&-20  ' 
16 
42 
70 
24 
41 
22  ,      - 

66   

Dry  in  winter. 


-  18 

-  35 

-  17 


Dry. 
Dr>'. 


Dry. 


(«>) 
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Welh  xn  Jordan  River  and  Utah  Lake  valleys — C^^ontinued. 


Name  of  owner. 


Location. 


P.  Swindsen T.  3S.,  R.  1  W.,  sec.  1.. 

E.  Densley do 

C.  Densley do 

D.  Densley,  jr do 

J.  F.  Palmer T.  3  S.,  R.  1  W.,sec.  2.. 

H.  Gardner !  T.  3  S.,  R.  1  W.,  sec.  3.. 

J.  A.  Egtiert do 

J.Goff T.3S.,R.  1  W.,sec.  12. 

B.  Wellinjrton T.  3S.,R.  1  W..  sec.  13. 

.4..  J.  Holt T.  3  S.,  R.  1  W.,  see.  15. 

School do 

B.  W.  Osborne T.  3  S.,  R.  1  W.,  sec.  23. 

W.  R.  Wellington do 

C.  Erickson |  T.  3  S.,  R.  1  W.,  sec.  24. 

E.  Atwood ' do 

R.  Carlson do 

A.  Yoblong T.  3  8.,  R.  1  W.,  sec.  26. 

J.  0.  Smith do 

Creamery T.  3S.,R.  1  W.,  sec.  26. 

G.  U,  Donxy T.  3S.,R.  1  W.,  sec.  27. 

C.  II.  Roberts '  T.  3  S.,  R.  3  W.,  sec.  26. 

I.  Langton ■  T.  4  S.,  R.  1  E.,8ec.  5... 

G.  Newbold do 

G.  Sproul do. 

L.  Andrews 

J.  Ennis 


T.  4  S., 
T.  4S., 


R.  IE.,  sec.  6.. 
R.  1  E.,  sec.  32. 


H.J.Allen ' do. 

W.H.Garfield T.  4  S.,  R.  1  E.,  sec.  33. 

W.Crane do 

Alpine T.  4  8.,  R.  1  E  .,sec.  24. 

W.  L.  Parry T.  4  8.,  R.  1  W.,  sec.  3.. 

M.  Densley do 

J.  Stedman do 

J.  Beveridge T.  5  8.,  R.  IE.,  sec.  4.. 

Lehi  Junction T.  5  8.,  R.  1  E.,  sec.  5. , 

I.Anderson :  T.  5  8.,  R.  1  E.,  sec.  7.. 


Thomas  College. 

J.  Wanleas 

G.Jacobs 

Do 


.do- 
.do. 
.do. 
.do. 


D.J.  Thurman do 

H.T.Davis |  T.  5  8.,  R.  1  E.,  sec.  8. 

G.  Gemey ' do , 

T.  R.  Jones do 

B.  W.  Brown | do 


I 


J.  Gough , do 

P.Austin T.5S.,  R.  1  E.,  sec.  9. 

(«)  do 

J.  Brown do 


San  Pedro,  Los  Ange- 
les and  Salt  Lake 
R.R. 


Do. 
Do. 
Do. 


.do. 
.do. 

.do. 
.do. 
.do. 


I  Diame- 

J    **'■ 

Inches.  , 
2  , 

3| 


2 
11 


Depth. 

Feet. 

323 

200 

30 

412 

236 

250 

212 

137 

156 

255 

500 

50 

28 

30 

127 

28 

15 

133 

90 

225 

102 

400| 

40  i 

125  I 

20  ' 

41 

15  I 

42  ' 

21 

2^-80  I 

30j 

99) 

130 

32 

15-50 

134 

125 

125 

90-100 

193 

90-100 

12 

145 

75 

12 

20 

145 

130 

135 

300 

330 


Height  of 
water. 


Feet. 


-58 
-43 
-20 
-40 

-45 
-85 
-75 


-  4 

-40 

+  12 
-GO 


-10 
-35 


-  8 


-40 
-40 
-20 
-10-40 
+  25 


-  8-10 


+ 
+ 


330  :       + 
300  '        -  8 
140  . 


Yield  per 
minute. 


OalloM. 


12-15 
12-15 


55 


4 

23 


35 


o  Owner's  name  unknown. 


80 


moEx, 


Page. 
Salt  Lake  City,  upland  area  south  of,  de- 

acription  of -47-48 

water  supply  of,  precaution  to  avoid 

contamination  of 34 

source  of 44-45 

WBllsat 42.44 

flow  of,  decrease  in 30 

wind  velocity  at,  table  showing  average.        16 
Salt  Lake  City  Spring,  water  from,  analysis 

of 30 

Salem,  location  of 54 

underground  water  conditions  in 54  | 

San  Pedro,  Los  Angeles  and  Salt  Lake  Rail- 
road, wells  of 48,52,53,54  \ 

Sandy  Spring,  water  from,  analysis  of 30 
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MAP  SHOWING  GENERAL  LOCATION  OF  THE  ROSWELL  ARTESIAN  AREA. 


PRELIMINARY  REPORT  ON  THE  GEOLOGY  AND  UNDERGROUND  WATERS  OF 
THE  ROSWELL  ARTESIAN  AREA,  NEW  MEXICO. 


By  Cabsius  A.  Fisher. 


INTRODUCTION. 

The  area  to  which  this  report  relates  is  located  in  southeastern  New  Mexico.  It  comprises 
about  1 ,800  square  miles  lying  along  Pecos  River  and  extending  from  a  point  5  miles  north 
of  Roswell  to  below  the  mouth  of  Seven  Rivers,  as  shown  in  PI.  I.  In  addition  to  the  discus- 
sion of  the  artesian  waters,  the  report  includes  a  brief  description  of  the  geology  of  the  sedi- 
mentary rocks,  their  structure,  and  their  relation  to  the  underground  waters.  The  area  of 
flowing  wells  is  indicated  on  the  map,  PL  VI,  and  records  of  representative  wells  are  given, 
which  are  intended  to  illustrate  the  character  and  succession  of  the  water-bearing  beds) 
Information  respecting  surface  waters  available  for  domestic  and  irrigation  purposes  and 
a  brief  description  of  the  climatic  and  agricultural  features  of  the  region  are  also  given. 

The  investigation  was  conducted  under  the  direction  of  Mr.  N.  H.  Darton. 

The  writer  was  assisted  in  the  field  by  Messrs.  E.  M.  Mitchell  and  E.  Patterson,  and  these 
gentlemen  obtained  a  portion  of  the  well  data  upon  which  this  report  is  based.  The  system- 
atic measurement  of  well  pressures  was  carried  on  under  the  direction  of  Mr.  W.  M.  Reed, 
district  engineer  of  the  Reclamation  Service,  tHio  has  done  much  to  promote  the  work.  The 
chemical  analyses  of  the  surface  and  artesian  waters  have  been  kindly  furnished  by  Mr. 
£  M.  Skeats,  of  El  Paso,  Tex.,  and  the  paleontological  collections  have  been  examined  by 
Dr.  G.  H.  Girty.  I  am  indebted  to  Messrs.  Hagerman,  Goodart,  Phillips,  Hortenstein, 
Spurlock,.Hale,  and  others  for  information  concerning  artesian  irrigation. 

.An  excellent  report  on  the  soils  of  the  Roswell  basin  by  Messrs.  T.  H.  Means  and  F.  D. 
Gardner  was  used  in  the  preparation  of  this  report. 

TOPOGRAPHY. 

Rdirf. — ^The  topographic  features  of  the  Roswell  basin  present  little  variety.  Across  the 
east  side  of  the  district  there  are  irregular  blufifs  rising  200  to  300  feet  above  Pecos  River, 
while  to  the  west  the  surface  rises  gradually  toward  the  high  limestone  plateau  bordering 
the  Capitan,  Sierra  Blanca,  and  Sacramento  mountains.  The  region  has  an  average  eleva- 
tion of  3,600  feet  above  sea  level.  The  highest  portion  is  along  the  west  side  of  the  district, 
where  the  altitude  is  about  4,000  feet.  In  the  southeast  comer  the  altitude  is  about  3,200 
feet.  Near  the  junction  of  the  North  and  South  forks  of  Seven  Rivers  there  is  a  high  bluff 
having  a  north-facing  escarpment,  which  rises  high  above  the  valley  of  the  South  Fork,  and 
on  the  north  side  of  Eagle  Draw  is  a  small  but  prominent  plateau. 

Drainage. — ^The  principal  drainage  channel  is  Pecos  River,  which  enters  from  the  north 
and  flows  in  a  southerly  direction  across  the  district.  The  flow  is  not  large,  but  it  carries  a 
small  amount  of  water  during  the  entire  year.  There  are  a  number  of  tributaries  from  the 
west,  the  largest  being  the  Hondo,  Felix,  Penasco,  and  Seven  rivers.  Hondo  and  Penrsc ) 
rivers,  perennial  streams  throughout  their  upper  courses,  have  their  sources  high  on  the 
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slopes  of  the  Capitan,  Sierra  Blanca,  and  Sacramento  mountains.  The  Felix  and  Seven 
rivers  rise  in  the  limestone  plateaus  lower  down,  and  drain  a  much  smaller  area.  Hondo 
River  east  of  Roswell  is  joined  on  the  north  by  North  Spring  and  Berrendo  rivers,  and  on 
the  south  side  near  its  mouth  by  South  Spring  River.  These  streams  are  fed  by  springs,  and 
they  carry  abundant  water  at  all  seasons.  There  are  also  several  small  intermittent  streams 
which  enter  Pecos  River.  Those  from  the  west  are  Gardners  Arroyo,  Fourmile  Creek,  Eagle 
Draw,  Cottonwood  Creek,  Walnut  Draw,  and  Zuber  Hollow;  those  from  the  east  are  Coman- 
che Draw  and  Long  Arroyo. 

Lakes. — At  the  heads  of  North  and  South  Spring  rivers  and  Middle  and  South  Berrendo 
rivers  are  lakes  of  moderate  size.  These  lakes  are  fed  by  a  number  of  small  springs,  which 
derive  their  water  mainly  from  the  unconsolidated  deposits  underlying  Hondo,  Blackwat«r, 
and  Eden  valleys.  Water  rises  to  the  surface  in  the  lower  courses  of  Felix  River,  Cotton- 
wood Creek,  Penasco  River,  Gardners  Arroyo,  and  North  and  South  Forks  of  Seven  Rivers. 
In  the  vicinity  of  Lake  Arthur,  Hagerman,  Greenfield,  and  Dexter,  and  north  along  the  east 
side  of  the  Northern  canal  there  are  lakes  fed  in  part  by  springs  and  in  part  by  seepage  from 
the  Northern  canal. 

On  the  east  side  of  Pecos  River,  about  12  miles  southeast  of  Roswell,  are  several  deep  lakes 
lying  along  the  base  of  the  gypsum  bluffs,  which  are  locally  known  as  the ' '  Bottomless  Lakes. " 
Dimmit  Lake,  the  largest  of  these,  is  situated  at  the  head  of  a  short  ravine  about  2}  miles 
from  Pecos  River.  Near  the  mouth  of  this  ravine,  on  the  north  side,  is  Dee  Lake,  and  along 
the  base  of  the  bluffs  for  some  distance  to  the  north  teveral  smaller  lakes  occur.  The  loca- 
tion of  these  lakes  is  shown  on  the  geologic  map,  PI.  IV.  They  have  probably  been  formed 
by  flood  water  from  the  high  slopes  to  the  east,  which,  in  flowing  over  the  exposed  gypsum 
ledges  at  the  edge  of  the  bluffs,  has  dissolved  the  gypsum  and  formed  subterranean  passages 
that  now  extend  to  some  of  the  shallow  artesian  flows  in  Pecos  Valley.  A  view  of  one  of  the 
"  Bottomless  Lakes  "  is  shown  in  PI.  Ill,  A.  The  water  from  some  of  these  lakes  is  used  for 
irrigation. 

OUTLINE  OF  GEOLOGIC  RELATIONS. 

GENERAL  8TATBMBNT& 

The  rocks  of  the  district  comprise  limestone,  sandstone,  clay,  and  gypsum  which  are 
believed  to  be  of  Permian  age.  Overlying  these  deposits  throughout  the  Roswell  basin 
are  extensive  sheets  of  sand,  gravel,  clay,  and  silt,  probably  of  Quaternary  age,  which  have 
been  deposited  in  successive  terraces  between  Pecos  River  and  the  high  limestone  slopes 
to  the  west.  The  so-called  Permian  series  of  this  district  consists  of  an  upper  red  bed 
member  of  gypsum,  red  sand,  limestone,  and  clay  600  to  800  feet  thick,  forming  the  high 
bluffs  along  the  east  side  of  Pecos  River  and  underlying  the  recent  deposits  of  Pecos  Valley, 
and  a  lower  member  of  massive  limestone,  clay,  and  gypsum  of  undetermined  thickness, 
which  constitutes  high  rugged  slopes  to  the  west.  Overlying  the  red- bed  division  east  of 
Pecos  River  is  a  reddish-brown  sandstone  about  100  feet  thick,  which  may  be  of  Cretace- 
ous age.  No  subdivisions  have  been  made  of  the  probably  Permian  rocks  in  this  region 
in  the  present  reconnaissance. 

PERMIAN  (?)  SERIES. 

Red-bed  division. — ^These  rocks  consist  of  alternating  beds  of  gypsum,  red  sand,  and  clay, 
with  an  occasional  layer  of  dark-gray,  compact  limestone.  The  gypsum  predominates 
and  usually  occurs  in  beds  about  10  feet  thick.  It  is  often  found,  however,  in  thinner  lay- 
ers, interbedded  with  clay  and  limestone.  The  red  beds  are  provisionally  placed  in  the 
Permian,  although  no  fossils  have  been  found  in  them.  They  are  not  sho¥m  separately 
on  the  geologic  map  (PI.  IV),  but  are  represented  with  the  underlying  massive  limestones. 
The  upper  part  of  the  beds  is  well  exposed  in  the  bluffs  along  the  east  side  of  Pecos  River, 
where  a  number  of  sections  have  been  measured.    These  sections  are  as  follows: 
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A.     HEAD  OF  NORTH  SPRING  RIVER. 


B.     HEAD  OF  SOUTH  SPRING  RIVER. 
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A.     VIEW  OF   -BOTTOMLESS  LAKES,'     EAST  OF   PECOS  RIVER. 


B.     ARTESIAN  WELL  AND   RESERVOIR  EAST  OF  SOUTH  SPRING.   NEW   MEXICO. 
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Sections  cfgyptum  Huffs  along  the  east  side  of  Pecos  River ^  New  Mexico. 

East  of  Roswell:  Feet. 

Alternating  layers  of  gypsum  and  red  sand,  with  an  occasional  layer  of  limestone 50 

White  gypsum 6 

R«d  sand *. 6 

White,  thin-bedded  gypsum 10 

Red  sandstone  containing  thin  layers  of  limestone 24 

White  gypsum 5 

Red  sand. .  .* 13 

Oypsum 10 

Red  sand 3 

Oypsum 8 

Red  sand 8 

G  ypsum 4 

Greenish-gray  sandstone 25 

Gypsum 6 

Total 178 

At  Dimmit  Lake: 

Gray,  sandy  limestone 20 

Alternating  layers  of  gypsum  and  red  and  green  clay,  with  an  occasional  l)ed  of  porous  lime- 
stone    100 

Gjrpsum 4 

Red  clay 2J 

Gypsum 18 

Alternating  layers  of  gypsum  and  red  clay 6 

Gypsum ^ 11 

Alternating  layers  of  gypsum  and  red  sandstone 6 

Gypsum 9 

Red  clay ■. 1 

Gypsum 10 

Alternating  layers  of  gypsum  and  red  clay 15 

Gypsum 5 

Red  clay 1} 

Gypsum 10 

Red  clay 7 

Alternating  layers  of  gypsum  and  red  clay 8 

Gypsum 6 

Red  clay,  with  thin  layers  of  gypsum 3 

Gypsum 6 

Total 249 

Eight  miles  northeast  of  Artesia: 

Gray,  compact  limestone 5 

Oypsom  and  red,  sandy  clay  in  alternate  succession 65 

Red,  sandy  clay 10 

White,  massive  gypsum 15 

Red,  sandy  clay •. 5 

White  gypsum 10 

Gray  limestone 5 

Oypsum 18 

Red  clay 12 

Gypsnm 5 

Total 150 

About  2  miles  southeast  of  the  mouth  of  South  Fork  of  Seven  Rivers: 

Massive,  gray  limestone 35 

Gypsum  and  red  sandstone  in  alternate  layers,  with  an  occasional  limestone  ledge 50 

Gypsum,  thin-bedded  porous  limestone,  and  red  sandstone  arranged  alternately,  the  gyp- 

simi  predominating 150 

Gypsum,  with  thin  layers  of  gray  limestone 50 

Total 285 

Limestone  division. — ^The  maasive  limestone  beds  underlying  the  so-called  Permian  red 
beds  of  this  region  consist  mainly  of  gray,  compact  limestone,  with  layers  of  soft  sand- 
stone, clay,  and  gypsum.     In  the  upper  part  the  limestone  is  more  or  less  thin-bedded  and 
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porous,  and  oontains  many  sandy  layers.  From  these  beds  some  of  the  strongest  artesian 
flows  in  the  Roswell  basin  are  obtained.  Limestone  outcrops  along  the  west  side  of  the  dis- 
trict, and  farther  to  the  west  forms  high  rugged  plateaus,  extending  toward  the  mountains. 
Fossils  are  not  abundant  in  the  formation,  but  in  one  locality  northwest  of  Roswell  a  num- 
ber were  collected,  which  consisted  mainly  of  Schizodus  and  PlettrophoruSf  preserred  as 
casts.  According  to  Doctor  Girty  the  fauna  and  lithology  of  these  specimens  suggest  the 
highest  Carboniferous  beds  or  the  Permian  of  the  Mississippi  Valley  in  Texas. 

To  the  east  of  the  Roswell  district  the  high  plains  are  traversed  by  dikes  of  igneous  rock. 
One  of  these  dikes  extends  into  the  area  in  the  northeast  comer,  but  pass^  beneath  the 
surface  at  a  point  about  5  miles  east  of  Pecos  River.  Its  location  is  shown  on  the  geologic 
map  (PI.  IV).  The  dike  is  about  35  feet  vride,  and  consists  of  a  light-colored  rock,  which 
is  much  decomposed  on  the  surface. 

Extending  across  the  southeast  portion  of  the  area,  from  below  Lake  McMillan  to  the 
high  bluffs  east  of  Artesia,  is  a  narrow  zone  in  which  the  sedimentary  rocks  are  more  or  less 
metamorphosed,  so  that  in  the  crevices  considerable  mineralization  has  taken  place.  Cop- 
per is  the  principal  mineral,  occurring  mainly  as  the  carbonate  and  oxide.  Some  prospect- 
ing has  been  done  in  the  hills  south  and  east  of  Artesia,  but  no  paying  ore  has  been  dis- 
covered. 

CRETACEOUS  (?)  SYSTEM. 

The  sandstone  overlying  the  Permian  (7)  red  beds  along  the  east  side  of  the  district  is 
possibly,  as  above  stated,  of  Cretaceous  age.  A  few  fossil  plants  were  found  in  these  beds, 
but  they  were  too  fragmentary  to  be  determined.  The  distribution  of  the  formation  was 
not  ascertained.  It  consists  of  massive,  reddish-brown  sandstone  in  beds  of  varying  thick- 
ness, with  an  occasional  layer  of  light-gray  sandstone.  The  material  is  coarae  grained  and 
cross-bedded  throughout,  and  often  weathers  into  rounded  forms.  The  following  is  a  sec- 
tion of  the  sandstone  near  Petty 's  windmill,  about  15  miles  northeast  of  Roswell: 

Section  ofsandBUme  overlying  Permian  (f )  red  beds  near  RoaweUf  N.  Mex, 

Feet. 

Reddish-brown,  c ross-bedded  sandstone 40 

Brown,  massive  sandstone 6 

Lighter  brown,  massive  sandstone,  somewhat  cross-bedded 10 

Gray,  coarse-grained  sandstone 1 

Reddish-brown  sandstone 18 

QUATEBNARY   SYSTEM. 

The  formations  of  the  Quaternary  period  cover  an  extensive  area  in  the  Roswell  basin, 
comprising  approximately  1,200  square  miles.  They  occupy  the  entire  central  portion  of 
the  basin,  and  extend  far  up  the  limestone  slopes  to  the  west.  These  deposits  are  mainly 
of  two  kinds — the  alluvium  of  the  river  valleys  and  the  unconsolidated  material  of  higher 
levels. 

AUuvium. — ^The  alluvium  is  confined  mainly  to  Pecos  River  Valley,  although  small  areas 
occur  along  all  the  larger  and  many  of  the  smaller  streams.  It  is  a  light-colored,  fine- 
grained material,  consisting  mainly  of  sand,  gravel,  and  clay,  with  a  small  amount  of  oi^ 
ganic  matter.  In  the  lower  portions  of  the  valley  the  soil  contains  much  '' alkali,"  often 
sufficient  to  render  it  unfit  for  cultivation.  There  are  many  small  lakes  along  the  river 
bottom,  and  the  lowlands  are  generally  swampy.  On  the  east  side  of  Pecos  River,  from  a 
point  opposite  Dexter  to  beyond  Comanche  Draw,  there  are  several  springs,  which  have 
built  cones  of  spring  deposits  6  to  10  feet  high. 

Hondo,  Felix,  and  Penasco  rivers  have  built  small  flood  plains  along  their  lower  courses 
which  are  perceptibly  higher  than  the  surrounding .  region.  The  alluvium  along  these 
streams  varies  somewhat  in  character,  but  it  is  generally  of  a  light-gray  color,  and  consists 
of  gravel,  sand,  silt,  and  clay,  covered  by  a  fertile  soil.  The  fertility  is  due  to  the  presence 
of  fine  silt  brought  down  by  the  flood  waters  from  the  high  mountain  igeions.    According 
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to  Mr.  T.  H.  Means  the  alluvium  of  Hondo  Valley  contains  more  plant  food  than  that  of 
the  Nile  in  Egypt.    The  following  analyses  are  taken  from  Mr.  Means 's  report: a 

Chemical  composition  of  Hondo  and  Nile  sediment. 


Constitaent. 


Hondo 

mud 

(Skeats) 


inaolable  matter  and  silica ...  43. 6 

Iron  oxide  and  alumina '         21.4 

Oxide  of  manganese 

Magnesia 2.1 

Lime 5. 7 

Potaah 1.19 


58.17 

24.75 

.09 

2.42 

a  31 


Constituent. 

Hondo 

mud 

(Ske«t8). 

Nile  mud 

(Mac- 
kensie). 

Soda 

.62 

Sulphuric  acid 

1.96 
.3 

.20 

Phosphoric  acid 

.21 

Carbonic  acid 

1.55 

9.8 
.32 

8.00 

Nitrogen  in  organic  matter. . 

.12 

Uneonaolidoted  deposits. — These  deposits  consist  mainly  of  sand,  gravel,  and  clay.  The 
sand  is  of  light-gray  color,  medium  to  fine  grained,  the  clay  more  or  less  sandy,  and  the 
gravel  a  moderately  coarse  variety.  The  gravel  is  often  firmly  cemented  by  calcium  car- 
bonate, and  local  deposits  of  gypsum  and  a  calcareous  material  known  as  '' caliche ''  occur 
throughout  the  formation.  According  to  well  records  the  thickness  of  the  formation  varies 
considerably  in  different  parts  of  the  basin.  In  several  deep  wells  around  Artesia  coarse 
gravels  were  encountered  500  to  700  feet  below  the  surface.  At  Roswell  and  in  the  lower 
part  of  Hondo  Valley  unconsolidated  sediments  are  150  to  300  feet  thick,  and  in  Seven 
Rivers  Valley  they  are  probably  thicker.  In  John  Richey's  well,  8  miles  northeast  of 
Artesia,  a  gravel  bed,  apparently  the  base  of  the  unconsolidated  sediments,  was  penetrated 
at  a  depth  of  134  feet.  At  Sigman's  well,  near  Lake  Arthur,  according  to  the  driller's 
statement,  the  unconsolidated  deposits  are  only  a  few  feet  thick,  and  about  3  miles  north- 
east of  Lake  Arthur  the  red,  sandy  beds  of  the  Permian  (?)  are  exposed. 

ARTESIAN  WATER  HORIZONS. 

There  are  several  artesian  horizons  in  the  formations  underlying  the  Roswell  basin. 
Flows  of  moderate  volume  are  found  in  the  sandstones  of  the  upper  member  of  the  Per- 
mian (?)  series  and  in  the  overlying  unconsolidated  deposits,  but  the  strongest  are  from 
porous  limestones  interstratified  with  beds  of  sand,  which  constitute  the  upper  part  of  i\% 
massive  limestone  division. 

EXTENT  OP  ARTESIAN  AREA. 

The  Roswell  artesian  basin  is  about  60  miles  long  and  has  an  average  width  of  1 1  miles. 
At  the  north  end  it  is  relatively  narrow,  but  to  the  south  it  widens  somewhat.  It  comprises 
about  650  square  miles,  the  greater  part  of  which  lies  along  the  west  side  of  Pecos  River. 
The  area  of  flow  is  shown  on  PL  VI. 

In  the  vicinity  of  Roswell  the  head  of  artesian  water,  as  determined  both  by  practical 
tests  and  by  the  pressures  of  a  number  of  flows  in  the  town  of  Roswell,  is  sufficient  to  raise 
water  to  an  altitude  of  3,586  feet  above  sea  level,  the  exact  elevation  of  the  water  level  in  the 
head  of  North  Spring  River.  In  order  to  ascertain  the  western  limit  of  the  area  of  flow 
south  of  RosweU  a  line  of  levels  was  surveyed,  under  the  direction  of  Mr.  W.  M.  Reed,  dis- 
trict engineer,  from  the  head  of  North  Spring  River  as  far  south  as  Eagle  Draw.  From  there 
to  Seven  Rivers  the  western  boundary  of  the  artesian  basin  was  ascertained  mainly  from 
evidence  of  wells  in  the  adjoining  lowlands.  It  is  possible  that  the  artesian  head  increases  to 
the  west  and  that  flows  might  be  obtained  higher  up  the  slopes  than  is  indicated  on  the  arte^sian 
water  sheet,  especially  in  the  valleys  of  Felix  River,  Cottonwood  Creek,  and  Penasco  River, 
but  there  appears  to  be  no  definite  evidence  of  this.     The  eastern  limits  of  the  artesian  area 

o Means,  T.  H.  and  Gardner,  F.  D.,  Soil  survey  in  the  Pecos  Valley:  Field  operations  of  Bureau  ol 
Soils,  1899,  U.  S.  Dept.  Agric,  Rept.  No.  64  1900,' p.  ^. 
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are  indicated  by  moderately  high  bluffs,  which  follow  the  general  course  of  Pecos  River 
across  the  entire  district. 

About  15  miles  northeast  of  Roswell  on  the  south  side  of  Salt  Creek  are  a  number  of  springs 
that  furnish  considerable  water.  It  is  possible  that  shallow  flowing  wells  would  be  obtained 
in  the  lowlands  of  Salt  Creek  Valley  below  these  springs,  but  no  investigation  was  made  of 
this  region.  At  Stockpens,  about  13  miles  northwest  of  Roswell  and  a  short  distance  south 
of  the  mouth  of  Salt  Creek,  a  deep  test  well  was  being  sunk  at  the  time  this  investigation  was 
made.  The  boring  had  reached  a  depth  of  900  feet  without  obtaining  a  flow,  but  it  was  the 
intention  of  the  well  owners  to  continue  to  a  depth  of  1 ,000  feet.  The  head  of  artesian  water 
in  the  northern  part  of  the  Roswell  basin,  as  calculated  from  the  pressures  of  flows  in  the 
vicinity  of  Roswell,  is  not  suflBcient  to  bring  water  to  the  surface  in  wells  at  Stockpens. 

There  is  a  deep  well  at  Portales,  N.  Mex.,  in  which  a  flow  was  obtained  at  a  depth  of  about 
400  feet.    A  record  of  this  well  is  as  follows: 

Record  ofvxU  at  Portales y  N.  Mex. 

Feei. 

Soil 0-    4 

Gypsum 4-    8 

Red,  sandy  clay r a-  20 

White  limestone 20-32 

Red,  sandy  clay 32-  48 

White  limestone 48-  88 

Red  clay 88-188 

"Flint  rock'* 188-189 

Coarse  gravel  and  sand 18!>-219 

Red  clay 219-297 

White  sandstone 297-309 

White  sand  and  clay  in  alternate  layers 309-399 

WELLS   AND   WELL   PROSPECTS   IN    ROSWELL  ARTESIAN   BASIN. 

GENERAL  OONDITIONa 

Flowing  wells  were  first  obtained  in  the  Roswell  basin  about  ten  years  ago  and  for  a  num- 
ber of  years  thereafter  development  was  confined  chiefly  to  this  immediate  vicinity.  Dui^ 
ing  the  last  two  years,  however,  strong  flows  have  been  obtained  near  Artesia,  and  at  present 
this  part  of  the  basin  is  receiving  the  greatest  development.  Owing  to  the  rapid  progress  in~ 
well  sinking  throughout  the  Roswell  basin  it  is  diflficult  to  give  a  complete  list  of  the  flowing 
wells.  Information  of  about  200  has  been  obtained,  but  it  is  probable  that  the  total  number 
at  present  exceeds  250.  About  half  of  this  number  are  found  in  Roswell  and  North  Spring 
River  Valley,  the  extreme  north  end  of  the  basin. 

In  amount  of  flow  the  wells  vary  from  a  few  gallons  to  1,800  gallons  a  minute,  differing 
principally  with  the  locality.  At  Roswell  the  flow  of  an  average  well  has  been  variously 
estimated  at  500  to  700  gallons,  while  near  Artesia  the  highest  flow  recorded  exceeds  1 ,700 
gallons.  The  water  is  used  chiefly  for  irrigation  and  domestic  purposes.  In  a  few  cases, 
however,  the  presence  of  sulphur  renders  it  unfit  for  household  use.  The  Formwaltz  well 
northeast  of  Hagerman  is  said  to  have  medicinal  properties,  but  no  chemical  analysis  of 
the  water  was  obtained. 

As  the  conditions  under  which  artesian  water  is  obtained  throughout  the  Roswell  basin 
show  considerable  variation,  the  area  in  the  following  discussion  is  divided  into  four  dis- 
tricts— Roswell,  Hagerman,  Artesia,  and  McMillan.  The  Roswell  and  Hagerman  districts 
are  in  Chaves  County,  and  the  Artesia  and  McMillan  districts  are  in  Eddy  County. 

CHAVES   COUNTY. 

RofnmR  district. — ^This  district  comprises  the  northern  portion  of  the  area  of  flow  included 
in  Chaves  County,  and,  as  stated  alx)ve,  it  is  the  district  where  greatest  development  lias 
taken  place.  In  Koswell  and  in  Hondo  Valley  the  depths  of  the  wells  vary  from  150  to  500 
feet,  the  average  being  250  feet.    To  the  southeast  in  the  vicinity  of  Orchard  Park  flows  are 
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obtained  at  a  much  greater  depth.  The  formations  encountered  in  trinking  a  well  at  Roswell 
generally  consist  of  unconsolidated  deposits  for  the  first  175  feet  from  the  surface.  Below 
this  depth  drills  penetrate  bed  rock,  composed  of  hard,  light-colored  limestone  underlain  by 
alternating  layers  of  porous  limestone  and  sandstone.  The  following  are  records  of  repre- 
sentative wells  in  and  near  Roswell: 

Typical  well  records  in  and  near  Roswell,  N.  if  ear. 

Record  ol  the  Ogle  well  at  Roswell:  Feet 

Soil 0-    5 

Gravel 5-  30 

Blueish  clay  with  layers  of  gravel 30-160 

Greeniah-yellow  clay  with  rust-colored  bands 150-162 

Soft  rod  sandstone  (waterbearing) 162-170 

Red  clay 170-174 

Gray  limestone 174-177 

Red  clay 177-178 

Gray  limestone 178-182 

Gray  limestone,  very  hard 182-186 

Soft  gray  iimestone 186-204 

Hard  gray  limestone 204-218 

Light-gray,  porous  limestone  (water  bearing) 218-226 

Limestone  and  sandstone  in  alternate  layers  (water  bearing) '. .  226-242 

Record  of  the  Waskom  weU,  SW.  i  sec.  32,  T.  10  8.,  R.  25  £. :  a 

•    SoU 0-    6 

Sand  and  gravel 5-15 

YeUowclay 15-  40 

Clay  and  decomposed  gypsum 40-70 

Sandstone,  coarse  yellow  sand,  and  gravel  in  alternate  succession 70-360 

Limestone  and  sandstone  in  alternating  lajrers,  the  limestones  predominating 360-560 

Record  of  the  Rasmussen  well,  SW.  i  sec.  21,  T.  11  8.,  R.  25  E. : 

Soil  and  fine  sand 0-30 

Gray  sand 30-  40 

Gravel , 40-  50 

Rock  and  gravel  in  alternate  layers 60-  60 

Red  sand 60-  65 

Gray  sand  and  hard  rock  in  thin  layers 65-172 

Qnickaand 172-212 

Red  sandstone 212-327 

Red  sand  containing  layers  of  rock 327-400 

Limestone 400-660 

Partial  list  of  artesian  wells  in  Roswell  district,  New  Mexico. 


Name  of  owner  and  location. 


Anderson: 

SE.  i  sec.  3,  T.  11  8.,  R.  25  E 

Do 

Do 

Anderson  &  Skillman,  lot  7,  block  16,  West  Roswell 

"Bottomless  Lake"  well,  SE.  \  NW.  \  sec.  10,  T.  12  S.,  R.  26  E. 

Bradley*  Beal,lot6,  block 53,  West  Roswell 

Brink,  Frits,  lot  14,  block  23,  west  side  Roswell 

Brown  is.  Creighton,  lot  11,  block  4,  original  Roswell 

Cahoon,  £.  A.: 

NW.  J  NW.  i  sec.  34,  T.  10  S.,  R.  24  E 

Lot  6,  block  21,  west  side  Roswell 

Chambers,  R.  M.,  lot  4,  block  24,  original  Roswell 

Champion,  D.,  NW.  \  NW.  \  sec.  27,  T.  10  S..  R.  24  E 


Depth. 

Diame- 
ter. 

Yield  ft 

Feet. 

Inchef. 

OalUt.per 
minute. 

60 

6 
6 
6 

60 

^ 

440 

4 

400 

420 

6 
51 

232 

600 

235 

5| 

500 

238 

51 

500 

340 

4i 

402 

220 

4 

250 

244 

^ 

600 

330 

7| 

300 

sin  this  well,  located  4  miles  east  of  Roswell,  bed  rock  was  n^ached  at  a  depth  of  3G0  feet, 
b  Mainly  estimated. 
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Partial  list  of  artesian  vxUs  in  Roswdi  district y  New  Mexico — Continued. 


Name  of  owner  and  location. 


Chaves  Co.,  block  11,  Roswell 

Church,  J.  P.,  lot  8,  block  46,  West  Roswell 

Cottingham,  J.  A.,  lot  13,  block  19,  original  Roswell 

Davis,  W.  P.,  8E.  i  NE.  i  sec.  7,  T.  11  S.,  R.  25  E 

Denning,  S.  P.,  lot  8,  block  51,  west  side  Roswell 

Diamond  ice  factory,  lot  I,  block  7,  Thurber's  addition,  Roswell. 
Dickson,  J.,  northwest  comer  Washington  and  2d  sts.,  Roswell. . 

Dickson,  J.  M.,  lot  5,  block  52,  west  side  Roswell 

Divers,  F.,  lot  2,  block  9,  west  side  Roswell 

Dunn,  G.,  T.  12  8.,  R.  26  E 

Evans,  J.  F.,  lot  8,  block  28,  original  Roswell 

Elliott  Bros.,  SW.  i  SW.  J  sec.  32,  T.  12  S.,  R.  25  E 

Faulkner,  R.  L.,  lot  10,  block  12,  west  side  Roswell 

Ferguson,  W.  M.  : 

Lot  10,  block  2,  original  Roswell 

NE  i  N W.  J  sec.  15,  T.  12  S.,  R.  25  E 

Finley,  M.  N.,  8W.  i  SW.  i  sec.  3,  T.  11  S.,  R.  24  E 

Fitzgerald  <&  Kingston,  lot  1,  block  17,  original  Roswell 

Fitzgerald,  lot  12,  block  26,  original  Roswell 

Frank,  C.  J.,  lot  9,  block  10,  original  Roswell 

Oarrett,  A.  D.,  lot  1,  block  20,  west  side  Roswell 

Qarst,  J.,  lot  2,  block  1,  original  Roswell 

Garst,  Julius,  8E.  J  SW.  J  sec.  28,  T.  10  8.,  R.  24  E 

Oaslin,  H.,  lot  10,  block  48,  west  Roswell 

Gaullier,  lot  6,  block  1,  original  Roswell , 

Qoodart,  J.  H.,  NW.  i  NE.  J  sec.  7,  T.  11  8.,  R.  25  E 

Hagerman,  O.,  lot  3,  block  24,  South  Roswell 

Hamilton,  R.  S.,  lot  12,  block  14,  original  Roswell 

Hamilton,  J.,  SW.  i  8W.  i  sec.  26,  T.  10  S.,  R.  24  E 

Haynes.C.  W.: 

Lot  7,  block  20,  South  Roswell 

Roswell 

Do 

Do 

Henning,  J.  H.,  lot  7,  block  11,  west  side  Roswell 

Hinkle,  J.,  lot  7,  block  51,  west  side  RosweU 

Hobson,  Lowe  &  Co.,  lot  9,  block  3,  original  Roswell 

Hortenstein.  N W.  i  SW.  i  sec.  23,  T.  12  8.,  R.  25  E 

Jaffa,  N.,  lot  10,  block  3,  Thurber's  addition,  Roswell 

Jaffa  &  Prager,  lot  13,  block  14,  Roswell 

Johnson,  R.  W.,  lot  7,  block  24,  west  side  Roswell 

Lawndes,  G.,  NW.  }  N W.  i  sec.  35,  T.  11  S.,  R.  25  E 

Lea,  J.  C,  lot  5,  block  4,  original  Roswell 


L.  F.  D.  stock  farm.  SE.  i  NW.  J  sec.  1,  T.  11  8.,  R.  24  E. 

McCarty.  8.  8.,  N.  ^  NW.  J  sec.  14,  T.  10  8..  R.  25  E 

McClenney,  M.  E.,  SE.  J  SE.  J  sec.  35,  T.  10  S.,  R.  24  E. . . 

Marrow  &  Tannehlll.  lot  14,  block  13,  old  Roswell 

Meeks,  W.,  lot  6,  block  28,  original  Roswell 

Miller,  J.,  lot  4.  block  30.  original  Roswell 

New  Mexico  Military  Institute,  Roswell 

Parsons,  R.  M.,  lot  5,  block  54,  west  side  Roswell 

Patterson,  J.  F.,  lot  1,  block  42,  west  side  Roswell 


^pth. 

Diame- 
ter. 

Yield,  a 

Ftet. 

Inches. 

OaOs.per 
minvu. 

206 

51 

675 

270 

51 

500 

202 

51 

600 

450 

51 

500 

240 

51 

580 

196 

51 

700 

270 

51 

600 

198 

51 

400 

232 

51 

600 

264 

61 

410 

20O 

4 

250 

859 

6 

612 

198 

5 

500 

255 

44 

320 

882 

61 

987 

354 

7| 

150 

200 

51 

600 

190 

51 

500 

202 

51 

eoo 

260 

5| 

500 

271 

3 

250 

279 

61 

242 

44 

350 

265 

5| 

680 

400 

H 

600 

405 

5 

680 

'  301 

51 

800 

313 

6| 

400 

310 

51 

750 

232 

51 

750 

204 

7| 

750 

232 

51 

700 

235 

5 

400 

235 

44 

400 

270 

51 

€00 

840 

5| 

340 

200 

3 

aoo 

380 

4 

4S0 

250 

51 

750 

287 

300 

230 

61 

750 

383 

61 

566 

333 

44 

100 

844 

51 

30O 

375 

71 

600 

260 

5 

500 

160 

'      4 

2S0 

230 

1      *• 

fj» 

232 

61 

245 

^ 

675 

260 

3 

250 

a  Mainly  estimated. 
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Partial  lisi  of  artesian  wells  in  BosweU  dislridf  New  if  canco— Continued. 


Name  of  owner  and  location. 


Pfeck,  J.  C,  NE.  i  8W.  J  sec.  27,  T.  10  S.,  R.  24  E 

Pecos  Valley  and  Northeastern  Railroad,  Roswell  (pressure  12  pounds). 

Pettey  &  Miller,  lot  6,  block  14,  original  Roswell 

Piejce,  F.,  lot  3,  Mock  10,  west  side  Roswell 

Raamussen,  E.  P. .  SW.  i  f ec.  21,  T.  11  8.,  R.  26  E 

Ray,  J.  R.,  lot  6,  block  21,  west  side  RosweU 

Read,  G.  W. ,  lot  9,  block  6,  original  Roswell 

Redderson,  O.,  lot  11,  block  18,  west  side  Roswell 

Ried,C.  M.,  lot  3,  block  12,  west  side  Roswell 

Roach  T.,  lot  10,  block  21,  west  side  Roswell 

Roach,  T.  S.,  lot  9,  block  21,  west  side  Roswell 

Rogers,  A.  C,  sec.  25,  T.  10  8.,  R.  24  E 

Rose,  I.  B.,  lot  7,  block  40,  west  side  Roswell , 

Ross,  F.,  lot  2,  block  3,  original  Roswell 

RosweU  Wood  and  Hide  Co.,  lot  7,  block  18,  original  Roswell 

Roswell  (town) : 

Block  23,  west  side 

Block  41,  west  side 

Block  47,  west  side 

Scay,  E.: 

Lot  8,  block  38,  west  side  Roswell 

Lot  1 1 ,  block  38,  West  Roswell 

Sheridan,  C,  lot  7,  block  7,  original  Roswell 

Skipwith,  J.  U.,  lot  12,  block  8,  original  Roswell 

Slakey,  H.  B.,  lot  9,  block  57,  west  side  Roswell 

SIai«hter,  C.  C,  sec.  34,  T.  10  8.,  R.  24  E.,  Center.. 

Slaughter,  G.,  Thnrber*8  addition,  RosweU 

Smith,  L.  R.,  SW.  \  NW.  J  sec.  27,  T.  10  8.,  R.  24  E 

Smock,  W.  8.,  lot  4,  block  50,  west  side  Roswell 

Sporlock.  SW.  i  sec.  31,  T.  11,  8.,  R.  24  E 

StanseU,  C.  N.,  NE.  J  SW.  J  sec.  11,  T.  11  8.,  R.  24  E 

Sterens,  L.  A.,  lot  11,  block  19,  original  Roswell 

Sutheiland,  lot  5.  block  27,  original  Rosvrell 

Tipton,  W.,  lot  19,  blocks,  South  Roswell 

Totsek,  S.,  lot  6,  block  42,  west  side  RosweU 

Veal,  O.  F.,  lot  10,  block  5,  original  RosweU 

Waldron,  C.  E.,  lot  11,  block  22,  west  side  Roswell 

Wallace.  J.  A.,  lot  5,  block  39,  west  side  Roswell 

Warrm,  J.  R.,  lot  1,  block  23,  west  side  Roswell 

Waskom,  A.  B-,  SW.  J  sec.  32,  T.  10  S.,  R.  25  E 

Weils,  W.  F.,  lot  1,  block  1,  RosweU 

Whlteman,  C,  lot  1,  block  0.  Thurber's  addition,  Roswell 

Wilkenson,  W.  Clot  6,  block 57,  west  side  RosweU 

Wilson,  B.,  lot  8,  block  44,  west  side  Roswell 

Woodruff  &  Hedgecoxe,  lot  13,  block  15,  original  Roswell 

Wyllys,  G.  L.,  lot  7,  block  68,  West  RosweU 

Yater,  B.  M.,  lot  7,  block  26,  original  RosweU  (piessuie  about  7  pounds) 


Depth. 


Fea. 
333 
248 
225 
264 
560 
221 
224  I 
250 
176 
250  , 
240  ! 
142 
241 
245 
262 

163 
260 
270 

205 
170 
250 
240 
218 
275 
225 
330 
235 
917 
340 
220 
300 
300 
238 
361 
240 
155 
150 
560 
230 
170 
234 
235 
205 
249 
203 


Diame- 
ter. 


Inches. 
H 
H 
61 
H 
H 
H 

4 

H 
H 
5| 

5| 
31 

H 
H 

5t 

H 

H 
H 

5 
51 

71 
51 

61 
7| 
51 
51 
51 
51 
51 
5| 
5 
4 
61 
51 
5| 
51 
51 
51 
51 
53 


Yield.  < 


QaUe.'per 
minvU. 

400 


760 
600 


600 
400 
600 
300 

600 
500 
2 
600 
600 
660 

500 
600 
600 

500 
40O 
680 
500 
500 
550 
460 
300 
600 
324 
350 
360 
680 


600 
600 
600 
200 
200 
756 
660 
400 
680 
600 
660 
780 
750 


a  Mainly  estimated. 

Hagerman  district. — In  the  immediate  vicinity  of  Hagerman  there  are  a  few  flowing  wells, 
but  about  8  miles  north,  near  Dexter  and  in  the  lowlands  east  of  Pecos  River,  there  are 
several.  They  vary  in  depth  from  300  to  1,000  feet,  and  the  beds  penetrated  differ  some- 
what from  those  of  the  Roswell  district.    In  the  lowlands  of  Pecos  Valley  flows  of  moderate 
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yield  are  obtained  in  soft  sandstones  at  depths  of  300  to  500  feet,  but  on  the  higher  slopes 
to  the  west  the  main  flow  occurs  in  porous  limestones  800  to  1,000  feet  below  the  surface. 
The  Hedgecoxe  well,  about  1  mile  southeast  of  Dexter,  is  960  feet  deep.    The  main  flow 

occurs  in  a  porous  limestone  underlying  red  sandstone  60  feet  thick,  which  is  overlain  by 
unconsolidated  material. 
The  following  records  of  wells  were  furnished  by  the  drillers: 

Typical  deep  borings  in  Ha^erman  dufbrid,  New  Mexico, 

Record  of  the  Hedgecoxe  well,  near  Dexter:  Feet 

Soil  and  gravel 0-  19 

Coarse  sand , 19-  71 

Quicksand 71-  271 

Limestone 271-  273 

Red  sandy  clay 273-  323 

Yellow  clay 323-  343 

Limestone 343-  345 

Quicksand 345-  545 

Limestone 545-  551 

Blue  clay 551-  601 

Quicksand , 601-  651 

"Shell  rock" 651-  653 

Alternating  layers  of  sand,  silt,  and  clay 653-  800 

Coarse  gravel 800-  806 

Red  sandstone 806-  896 

Porous  limestone 9B&-  960 

liocord  of  Widdeman  well: 

Soil 0-  20 

Gravel 20-  55 

Quicksand 55-  105 

Alternating  beds  of  clay  and  gypsum ; lOS-  360 

Sand 380-  440 

Red  sand  with  layers  of  clay  and  one  25-foot  layer  of  gypsum  near  the  middle 440-  800 

Limestone 800-1,000 

Record  of  Cummins  well: 

Soil  and  gravel 0-  40 

Sand 40-  44 

Clay 44-  60 

Gravel 60-  65 

Rock,  clay,  and  sand  in  alternate  layers 65-  105 

Clay  and  sand 105-  165 

Red  sand 165-  550 

Coarse  red  sand  and  clay  in  alternate  layers 550-  820 

Limestone 820-  840 

Partial  record  of  town  well  at  Hagerman:a 

Soil 1-  12 

Conglomerate 12-  22 

Sand 22-  32 

Clay 32-  60 

Alternating  beds  of  coarse  sand  and  gravel 60-  535 

Gypsum  and  red  sandy  clay  in  alternate  beds 635-  610 

Gypsum 610-  630 

Red  clay  and  sand 630-  675 

Hard  gypsum 67S-  732 

Hard,  gray  sandstone 732-  735 

Gypsum ^ 735-  745 

Red  clay  and  sand 745-  750 

Gypsum 750-  760 

a  Borbig  in  progress  at  time  investigation  was  made. 
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Partial  record  of  H.  H.  Sigman's  well  near  Lake  Arthur:  a  Feet. 

Soil  and  oooglomerate Q-  6 

Hard  gypsum  (first  flow  at  base) 5-  130 

Alternating  strata  of  gypsum  and  red  sand 130-  236 

Alternating  layers  of  red  sand  and  clay 235-  346 

White  sand 345-  546 

Red  Band 54^  600 

Partial  lUt  of  artesian  weOs  in  Bagerman  district. 


Name  of  owner  and  location. 


CaUoway,  E.  H..  T.  13  8.,  R.  26E 

Carper,  J.  E.,  NW.  {  NE.  k  sec.  28,  T.  12  S.,  R.  26  E. 
Casiers,  T.  M.,  NE.  i  NW.  i  sec.  7,  T.  13  8.,  R.  26  E  . 

Clem,  J.  A.,  E.  i  sec.  11,  T.  13  8.,  R.  26E 

Criser,  F.  A.,  E.  i  NW.  i  aec.  33,  T.  12  8.,  R.  26  E  ... 

Cummins,  J.  (I.,  8E.  i  sec.  33,  T.  12  8.,  R.  25  E 

Elliot,  I.  H 

Formwault,  SW.  J  sec.  31,  T.  12  S„  R.  28  E 

Foratad,  J.,  NE.  i  sec.  13,  T.  13  8.,  R.  26  E 

Geycr 


QoodeU,  8.  W.,  8.  |  sec.  15,  T.  13  8.,  R.  25  E 

Greenfield  farm  (center),  sec.  32,  T.  13  8.,  R.  26  E 

Hagerman  (town),  NE.  i  8E.  \  sec.  10,  T.  14  8.,  R.  26  1 

HedffBooxe,  NE.  i  NE.  i  sec.  18,  T.  13  8.,  R.  26  E 

Lake  Arthur,  sec.  20,  T.  15  8.,  R.  26  E 

Laige,  Frank: 

Sees.  4,  T.  13  8.,  R.  26  E 

Sec.  4,  T.  13  8.,  R.  26  E 

See.  4,  T.  13  8.,  R.  26  E 

Townaley,  H.  W.: 

NW.  i  sec  4,  T.  13  8.,  R.  26  E 

NW.  i  sec.  4,  T.  13  8.,  R.  26  E 

Walters,  L.,  8E.  J  sec.  14,  T.  13  8.,  R.  26  E 

Widdeman,  NW.  1  sec.  5,  T.  13  8. ,  R.  26  E 

Wilson,  P.,  NW.isec.  18,T.  13  8.,  R.27E 

WinebeU,  N.  J.,  8E.  i  8W.  i  sec.  30,  T.  13  8.,  R.  26  E . . 


I>epth. 


Feet. 
454 

330 
400 
525 
500 
860 
760 
060 
664 
300 


Diam- 
etPF. 


Yield. » 


.  OaUont 
;      (per 

Inches,   minute). 

20 

8  377 


760 

960 

1,000 

375 
460 
460 

440 
450 
505 

1,000 
620 

1,025 


6| 
7| 
6| 

n 

6f 

71' 

5h 

8 

51 

8    I 

6f  I 

10  ! 

51 
7| 

7| 


351 
517 
30O 
250 


848 
25 


600 

764 

420 


5|    

H  

5|  310 

20 
8  880 


1  Mainly  estimated. 


EDDT   COUNTY. 

Arte^  district. — ^The  Artesia  district  comprises  the  northern  portion  of  the  area  of  flow 
included  in  Eddy  County.  The  formations  encountered  in  boring  a  deep  well  near  Artesia 
differ  somewhat  from  those  in  other  parts  of  the  Roswell  basin.  According  to  well  records 
they  consist  for  the  first  500  to  700  feet  of  unconsolidated  beds  of  sand,  gravel,  and  clay, 
which  by  their  loose  texture  frequently  offer  considerable  difficulty  in  well  construction. 
Beneath  these  beds  there  are  alternating  layers  of  red  and  gray  sandstone,  clay,  and  gyp- 
sum lying  on  a  series  of  porous  limestones,  clays,  and  sandstones,  in  which  the  strongest 
artesian  flows  occur.  A  number  of  records  of  deep  borings  around  Artesia,  as  reported  by 
the  well  drillers,  are  here  given:  ' 

>  No  satisfactory  record,  particularly  of  the  lower  part,  could  he  obtained  of  this  boring,  which  was 
originally  1,000  feet  deep.  There  is  probably  some  defect  in  the  casing  of  the  well,  for,  flccording  to 
the  latest  reports,  the  lower  part  of  the  pipe  appears  to  be  clogging  up  with  sediment,  and  there  is  a 
perceptible  aeereaae  In  the  pressure  of  the  flow.  The  best  information  which  could  be  obtained  con- 
oeming  the  formations  penetrated  in  the  upper  part  of  this  well  is  here  given. 
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Typical  deep  borings  in  Artesia  distridf  New  Mexico. 

Record  of  the  J.  C.  Hale  well,  l\  miles  southeast  of  Artesia:  Feet. 

Boll 0-10 

Red  clay 10-30 

White,  coarse  sand 30-100 

Fine  sand 100-120 

Bluish  clay  alternating  with  sandy  layers 120-^5 

Red  clay  with  layers  of  gravel 375-540 

White  sand 540-^50 

Yellow  sand ' 550-556 

Red,  sandy  clay : 556-^1 

Limestone 581-585 

Red,  sandy  clay  alternating  with  layers  of  gravel 585-745 

Gravel : 745-751 

Hard  limestone 751-760 

Limestone  and  red  day 7flO-7M 

Hard  and  soft  light-colored  limestone  with  layers  of  sandstone 794-820 

Soft,  red  sandstone ; 830-830 

Hard,  porous  limestone  and  red  clay  in  alternate  succession,  the  limestone  predomiuatins.  830-850 

Record  of  the  J.  S.  Majors  artesian  well,  2  miles  north  of  Artesia: 

Loamy  soil 0-    6 

Bowlders 6-15 

Concretionary  conglomerate 15-40 

Rock 40-  62 

Soft  sands fi^-  68 

Rocks  and  bowlders 68-70 

Gray  sand 70-72 

Soft  clay 72-160 

Moderately  hard  rock 160-il74 

Red,  sticky  clay 174-210 

Sticky  clay  and  gravel 210-240 

Coarse,  white  sand '. 240-275 

Clay  and  gravel 275-260 

Soft  rock 290-295 

Clay 295-310 

Red  quicksand 310-320 

Rod  clay 330-357 

Soft  rock 357-360 

Soft  clay  (First  flow  yielding  about  10  gallons  per  minute) 360-^0 

Hard  rock 430-428 

Clay  and  gravel ;  some  sand 428-460 

Clay  and  sand 460^542 

Soft  rock  and  clay 50-560 

Tough,  red  clay 560-598 

Hard  rock 508-600 

Hard  clay 600-617 

Hard  rock 617-688 

Red  clay 628-630 

So  ft  rock 630-634 

Hard  rock 634-^^0 

Sand  and  clay 640-665 

Soft  rock,  clay,  and  sand 665-7D0 

Quicksand 700-704 

Hard  rock  (limestone;  second  flow  at  base) 704-714 

Alternating  strata  of  soft  rock  and  clay 714-770 

Soft  and  hard  rock  In  alternate  layers 770-795 

Ver>*  hard  rock  (limestone) 795-796 

Clay  and  soft  rock 796-812 

Extremely  hard  rock  (limestone) 812-820 

Rock,  increasing  in  hardness 830-823 

Record  of  the  Hodges  <fc  Venable  artesian  well,  Artesia: «» 

Soil 0-10 

Bowlders  and  clay 10-  19 

Concrete  rock 19-26 

a  In  this  well  flows  were  obtained  at  the  following  depths:  First  Aott,  450  feet;  second  flow,  648  feet, 
third  flow,  78,'i  feet;  fourth  flow,  802  feet. 


- 

-ID^Q 

ggJUPf^r^l^^L 

i 

Mi 

22 


R08WELL    ARTESIAN    AREA,   NEW   MEXICO. 


drained.    The  following  analyses  of  waters  of  North  and  South  Spring  rivers  were  made 
by  Prof.  E.  M.  Skeats,  of  El  Paso,  Tex.: 

Analytes  of  waUrfrcm  9pnng9  in  North  Spring  and  South  Spring  rivers. 

SAMPLES  nU>M  MARGINAL  SPRINGS  IN  NORTH  SPRING  RIVER. 

[Parts  per  million.] 


Total 
solids. 


SiUca 
(8IO,). 


Water. 


No.l 

No.2 710 

No.3 j  700 

No.  4 1  635.6 


No.  5. 


I 


Mean. 


610 


15 

20 

25.1 

15 

20 


60».l 


19 


84.7 
96.9 
65 


Cal- 
cium 
(Ca). 


14.1 


122.3 
146.6 
106.2 
12&0 
102.2 


Magne- 
sium 
<Mg). 


52. 1       120. 7 


4&8 
4&8 
45.4 
43.5 
43.4 


Sodium 

(Na). 


67.6 
&5 
37.5 
22.5 
30.3 


I 


Sul- 


Chlorine     phuric 


(CD. 


9a6 

56l4 
7&9 
67.9 
40.6 


45.6  I 


31.2 


ACid 
(S0«). 


Carbonic 
acid 

(CO.). 


281.9 
24a6 
242.1 
245.6 
245.5 


251.5 


ll&l 
11&9 
102.0 
115.1 
1M.9 


111.  4 


SAMPLES  FROM  MARGINAL  SPRINGS  IN  SOUTH  SPRING  RIVER. 

[Parts  per  million.] 


No.l. 
No.  2. 
No.3. 
No.  4. 
No.  5. 
No.  6. 


Mean. 


700 
730 
600 
790 
1,140 
1,070 


853w3 


Silica 
(8IO,). 


2&9 
30.8 
22.3 
16.0 
50.0 
41.5 


31.2 


Water. 


40.4 
50.0 
53.0 
63.4 
94.0 
85.5 


66.9 


Calcium 
(Ca). 


80.9 
72.1 
7a  1 
72.1 
80.1 
80.1 


92.3 


8of!ium 

(Na). 


2a5 

51.0 
1&8 
32.1 
02.1 
52.8 


44.7 


Chlorine 
(CI). 


46.7 
63.0 
27.9 
4&5 
63.7 
81.2 


acid 
(CO,). 


66.2 


,  I  Calcu 
magne* 
sium  sul- 
phate. 


121.6 
107.9 
114.9 
107.9 
119.9 
119.9 


116.4 


351 
356.2 
378 
450  - 
670 


468LO 


SAMPLES  FROM  BOTTOM  SPRINGS  IN  SOUTH  SPRING  RIVER. 


Mean., 


678 


700 

60.2 

600 

38.3 

700 

41.6 

600 

45.0 

27.4 


51.8 
61.2 
.•)7.0 
62.5 
27.8 
65.0 
56.0 
63.0 
61.0 


Ca. 

CO,.    ; 

Na. 

CI. 

Calcium 
magne- 
sium sul- 
phate. 

Ill 

74      , 

18.0 

20.1 

368.0 

106.2 

70.8  1 

17.1 

28.3 

365 

106.2 

7a8 

10.0 

30.6 

406 

106.2 

70.8 

18.7 

28.8 

372.5 

100.2 

72.8 

17.3 

26.7 

3S7 

loas 

71.2 

16.0 

2&0            374 

106.2 

70.8 

18.0 

27.7  '          374 

106.6 

70.4 

17.5 

27.0            384 

112.5 

75.0 

17.5 

27.0 

362 

50.5 


107.8 


71.8 


18.0  , 


^4 


The  composition  of  the  artesiaji  water*  at  Roswell  differs  somewhat  from  that  of  North 
Spring  River.  The  total  solids  are  greater  and  also  the  amount  of  sodium  chloride.  The 
following  analysis  will  show  the  composition  of  the  water  from  a  number  of  representative 
wells  at  Roswell. 
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Analyses  of  water  from  artesian  wells  at  RosweU. 
flndividual  data.    Parts  per  million.] 


Name  and  date. 


Crowley: 

April,  1896 

April,  1897 

Matthews,    Tenn., 
south  of 


Depth. 


Gaboon  : 

1896 

1896 

Poe,J.  W 

Judge  Lea 

Captain  Qark. . 
Miller,  H.  11.... 

Prager 

Steam  laundry. 
Lea.  J.C 


Feet. 
155 
155 

192 

227 
227 
237 


230 
218 


331 


™S:  !  Total 
Pj;^!  solids. 


615 
64.5 


70.5 

7a5 

69 

71 

69.25 


1130 
990 

680 

860 

790 

930 

810 

1,330  \ 

1,020  , 

1,170 

1,290  I 

1,160 


Silica. 


4&0 
60.5 

86.5 

91.0 
35.5 
46.0 
20.2 

123.0 
72.3 
92.8 

182.0 
33.0 


Ca. 

ro,. 

Mg. 

76.1 

iiao 

70.1 

04.» 

56.1 

83.9 

76.1 

113.9 

71.1 

106.4 

Z.9 

76.1 

iia9 

76.9 

115.1 

70.1 

M.9 

63.1 

106.4 

5.67 

73.8 

110.4 

68.0 

102.0 

70.1 

94.9 

" 

Na. 

1 

CI. 

Cal- 
cium 
mag- 
nesium 

sul- 
phate. 

160.9  ^ 

247.6 

483.5 

114.5 

17G.0 

305.0 

447 

.8.8 

340.0 

92.2 

141.8 

315.0 

96.5 

108.0 

316.6 

89.8 

138.2 

466.0 

86.6 

133.2 

378.0 

154.1 

236.9 

641.0 

111.5 

171.5 

487.5 

106.0 

163.0 

576.5 

18a6  ! 

282.4 

472.0 

150.0  I 

23ao 

572.0 

The  waters  of  the  larger  tributaries  of  Pecoe  River  from  the  west,  analyzed  by  Prof. 
E.  M.  Skeats,  are  reported  to  have  the  following  composition: 

Anaiyses  of  water  of  the  Hondo,  Felix,  North  and  South  forks  of  Seven  Rivers,  and  Penaseo 

rivers. 


River  and  location. 


Hondo  fabove  Plea-     1.195 
cho). 

FelUc  (headspring)... 

South   Seven   (bead 
spring). 

North   Seven   (head 
spring). 

Penaaoo  (by  OUberts) 


ToUl 
solids. 

Silica, 
etc., 
plus 

water. 

Ca. 

Mg. 

1,196 

8a7 

231.9 

56.1 

467.2 

18.8 

107.9 

23.9 

1,320.0 

104.9 

231.7 

74.7 

i,Q2ao 

75.6 

164.0 

71.8 

650.0 

lao 

13&7 

42.8 

Na. 

CO,. 

37.1 

104.3 

15.2 

125.0 

13.8 

112.4 

38.9 

102.2 

15.2 

107.9 

S04. 


622.4 

152.0 
670.9 

667.7 


'Tem- 

Ci.   i  pera- 

ture. 


69.5 


21.3 
19.8 


324.3  ,  23.3 


64 
66.5 


Remarks. 


Water     fairly 
clear. 


Trace  of  hy- 
drogen sul- 
phide. 


ORIGIN  OP  THE  ARTESIAN  WATER. 


The  water-bearing  formations  in  the  Roewell  artesian  area  outcrop  in  successive  zones 
on  the  hi|^er  slopes  to  the  west.  There  they  receive  their  water  supply  by  direct  absorption 
from  rainfall  and  by  the  sinking  of  streams  (see  PI.  IX).  The  Hondo,  Felix,  Penaseo,  and 
Seven  rivers  are  the  most  important  sources.  These  streams  aU  rise  high  on  the  slopes  of 
the  Capitan,  Sierra  Blanca,  and  Sacramento  mountains,  where  the  rainfall  is  relatively 
lai^.  As  a  result  they  carry  an  abundance  of  water  in  their  upper  courses,  all  of  which 
sinks  in  the  outcrop  zone  of  the  porous  limestones  and  the  overlying  formations  and  passes 
undeiground  to  the  east.  After  the  water  has  entered  these  porous  formations  it  is  con- 
fined by  impervious  layers  of  limestone  or  clay,  and  under  the  lower  lands  to  the  east  it  is 
under  considerable  pressure. 
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AMOUNT  OF  ARTESIAN  WATER. 

It  is  difficult  to  make  even  an  approximate  estimate  of  the  total  amount  of  artesian 
water  available  in  the  porous  formations  underlying  the  Roswell  artesian  area.  We  do  not 
know  definitely  how  much  water  is  absorbed  by  the  permeable  rocks  in  their  western  out- 
crop, and  we  are  unable  to  calculate  the  amount  which  escapes  through  springs  and  by 
underflow  along  Pecos  River. 

The  area  drained  by  the  larger  western  tributaries  of  Pecos  River  comprises  in  all 
about  4,000  square  miles.  It  lies  along  the  east  slopes  of  the  Capitan,  Sierra  Blanca,  and 
Sacramento  mountains.  The  location  and  extent  of  the  combined  watersheds  of  all  stroams 
supplying  water  to  the  underlying  formations  of  the  Roswell  basin  >is  shown  in  PI.  IX.  The 
annual  precipitation  for  this  general  region  is  comparatively  large,  ranging  from  10  to  20 
inches.  The  mean  annual  precipitation  at  Fort  Stanton,  N.  Mex.,  which  lies  in  the  area 
drained  by  Hondo  River,  is  about  15  inches.  The  average  for  seventeen  years  prior  to 
1891  was  19  inches,  but  from  1901  to  1903,  inclusive,  the  annual  rainfall  was  far  below 
the  average.  The  following  table  shows  the  result  of  observations  through  a  period  of 
nearly  five  years,  ending  with  1904: 

MorMy  and  annwU  precipitaHcnf  in  inekeSf  at  Fort  Stanton^  N.  Mex. 


\ 
Year.               Jan.  j  Feb. 

Mar. 

Apr. 

May. 

1.00 
n  r>4 

June. 

July.   Aug. 

Sept. 

6.06 
2.00 
0.48 
1.55 

aoe 

Oct. 

Nov. 

Dec: 

An- 
nual. 

1900 

0.48 

0.90 
0.90 

t.63 

1.98     2.18 

1.43 
1.76 
1.81 
0.48 
2.68 

0. 40     0. 36 
2.85     0.95 
0.16  I  0.57 
0.00  J  0.05' 
0.08  1  0.35 

. 

1901 

0.10    

1 
1. 34  ;.- 1-85 

1902 

1903 

1904 

0.05     0.38 

0.36     0.75 

0.02     0.10 

0.22 
0.17 
0.03 

1  '     - 
0.00  ,  1.88 

0.20     0.38 

0. 15     0. 14 

0.24 
3.41 

2.28  '  1.87 
O.ea     1.55 
2.87     2.92 

0.94 
9.52 



At  Lower  Penasco,  situated  on  the  headwaters  of  Penasco  River,  the  mean  annual  pre- 
cipitation is  about  18  inches,  as  is  shown  by  the  following  table: 

Monthly  and  annual  jfredpiiaivm,  in  inches^  at  Lower  Penasco^  N.  Mex. 


Year. 


'  Jan.    Feb. 


0.40 
T. 
0.25 
0.20 
0.30 


Mar. ,  Apr.  I  May. 


1896 0.80     0.40     0.10 

1897 1.40 

1898 '  0.60 

1899 T. 

1900 0.90 

1901 ' I 

1902 0.80  ,  ro.  05  0.00 


0.10 
0.35 
0.35 


T. 
0.50 
1.65 

T. 
0.30 
0.50 

T. 


T. 
0.85 
0.70 
0 

1.70 
1.15 
0.35 


June.' July.  Aug. 


I 

2.05  a56 

0.55  I  5.60 

1.80  1  7.40 


I 


1.70 
2.60 
1.05  j 
0.30  ' 


5.89 
4.85 
6.68 


1.38 
3.15 
4.00 
1.35 
1.95 
0.97 


Sept. 


Oct.    Nov. .  Dec, 


1.57 
1.80 
1.15 
2.90 
5. 45 
a90 


6.01  ,  T. 
1.05  '  0.10 
T.  j  0.30 
1.15  1.50 
1.05  I    T. 


I 


0.40 
0.25 
2.«) 
1.05 
0.60 
T. 


An- 
nual. 

I 

I 


2a  35 

;  moo 

2a05 


I 


I 


From  the  above  statements  it  is  apparent  that  the  total  amount  of  water  which  falls  during 
a  year  of  average  precipitation  throughout  the  combined  watershed  of  the  Hondo,  Felix, 
Penasco,  and  Seven  rivers  is  necessarily  large.  Of  course  a  portion  of  this  water  is  lost  by 
evaporation  and  run-off,  but  a  considerable  amount  is  absorbed  by  the  water-bearing  rocks 
and  becomes  available  to  the  east  as  art^ssian  water.  It  has  hot  been  practicable  in  the 
present  investigation  to  compute  the  total  outflow  of  all  the  artesian  w6Us  in  the  Roswell 
basin,  but  at  a  liberal  estimate  this  amount  would  probably  be  only  a  small  proportion  of 
the  quantity  absorbed  by  the  water-bearing  rocks  throughout  their  western  ouicrop  area. 
This  is  clearly  shown  by  the  large  number  of  wells*which  it  has  been  possible  to  sink  in  the 
town  oT  Roswell  without  materially  diminishing  the  flows  of  some  of  the  first  wells  dug.  -It 
Ls  possible  that  tlie  amount  of  arte.«<ian  water  available  around  Artesia  is  not  so  great  as  at 
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Roswell,  but  the  only  evidence  of  this  is  the  decrease  in  pressure  of  some  of  the  wells  at 
Artesia.  The  combined  watershed  of  the  streams  lying  west  of  this  part  of  the  basin  is 
larger  than  that  of  Hondo  River,  and  according  to  the  Weather  Bureau  records  it  has  a  some- 
what greater  annual  rainfall.  For  these  reasons  we  would  expect  the  formations  underlying 
the  southern  part  of  the  basin  to  contain  a  large  amount  of  water.  While  there  is  evidence 
of  a  general  decrease  in  flow  throughout  the  Artesia  district,  it  is  probable  that  this  diminu- 
tion is  largely  due  to  the  clogging  of  the  pipes  with  sediment,  the  escape  of  water  along  the 
outside  of  the  tubing  from  lower  to  higher  horizons,  and  various  other  causes  which  are 
known  to  affect  the  flow  of  artesian  wells. 

It  is  believed  that  there  is  no  cause  for  fear  that  the  water  supply  throughout  the  northern 
part  of  the  Roswell  basin  will  give  out  or  become  inadequate  for  all  requirements  under 
proper  economy  of  practice.  In  the  region  of  Artesia  and  McMillan  not  enough  wells  have 
been  sunk  to  indicate  the  amount  that  the  water-bearing  beds  may  be  expected  to  yield. 

WASTE  OF  WATER. 

There  is  pressing  need  for  greater  econony  on  the  part  of  the  users  of  well  water  throughout 
the  Roswell  basin.  At  Roswell  a  city  ordinance  regulates  the  management  of  all  flowing 
wells,  but  throughout  the  remainder  of  the  district  no  restraint  whatever  is  placed  upon  the 
management  of  the  wells,  and,  with  very  few  exceptions,  they  are  allowed  to  flow  continu- 
ously. A  small  portion  of  this  water  is  stored  in  artificial  reservoirs,  but  by  far  the  greater 
part  runs  off  into  pools,' evaporates  and  seeps  away  on  uncultivated  lands,  or  runs  directly 
into  Pecos  River.  In  one  case  noted  a  ditch  leads  from  the  well  directly  to  the  river,  a  dis- 
tance of  one-half  mile,  and  it  is  not  an  unusual  thing  to  find  water  flowing  from  the  wdls  to 
low,  marshy  lands  adjacent  to  the  river,  where  by  underflow  it  soon  reaches  the  main  channel. 
Formerly  many  of  the  wells  were  not  even  furnished  with  reservoirs,  and  the  water  was  car- 
ried by  laterals  directly  to  the  fields  during  the  irrigating  season,  and  at  other  times  was 
aDowed  to  flow  off  through  wasteways. 

Nearly  all  the  wells  that  are  being  constructed  at  the  present  time  in  the  southern  part  of 
the  basin  are  to  be  furnished  with  reservoirs  ranging  in  capacities  from  6  to  24  acre-feet, 
which  are  filled  as  often  as  necessary  during  the  irrigating  season.  Even  these  commendable 
provisions  are  quite  ineffectual  in  the  case  of  wells  not  provided  with  valves,  as  they  con- 
serve only  a  relatively  small  portion  of  the  total  flow.  An  effort  is  now  being  made  by  a  few 
of  the  well  owners  in  the  vicinity  of  Artesia  to  provide  each  well  with  a  suitable  valve,  so 
that,  when  the  water  is  not  in  use  and  the  reservoir  is  full,  the  flow  can  be  shut  down.  There 
is  a  general  prejudice  among  well  owners  against  shutting  off  the  flow,  as  they  fear  that  it  will 
decrease  the  efficiency  of  the  well.  It  is  true  that  in  a  few  cases  wells  have  been  damaged 
in  this  way,  but  where  they  were  properly  constructed  the  per  cent  injured  is  very  small. 

SHALLOW  WELLS. 

More  or  less  water  is  obtained  throughout  the  Roswell  basin  at  depths  varying  from  25  to 
200  feet.  The  water  usually  occurs  in  coarse  gravel  of  the  unconsolidated  deposits.  The 
supply  appears  to  be  inexhaustible,  and  in  many  cases  the  water  is  used  for  irrigation  pur- 
poses. Outside  the  area  of  flow  from  Roswell  to  Hagerman  there  are  a  number  of  wells  75 
to  100  feet  deep,  which  furnish  5,000  to  7,000  gallons  of  water  a  day.  The  water  is  generally 
pumped  with  windmills.  In  the  vicinity  of  Roswell  a  few  deep  nonflowing  wells  are  pro- 
vided with  gasoline  engines.  A  gasoline  pumping  plant  on  Sherman's  farm,  at  Roswell,  is 
shown  in  PI.  VIII,  B. 

Bordering  the  area  of  flows  throughout  the  Roswell  basin  there  is  a  zone  of  irrigable  land 
3  to  5  miles  wide,  in  which  water  would  probably  rise  in  deep  wells  to  within  100  feet  of  the 
surface,  so  that  it  could  be  profitably  pumped  for  irrigation.  The  approximate  limits  of 
this  area  are  shown  on  PI.  VI. 
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The  following  list  gives  the  principal  features  of  a  number  of  shallow  wells  in  the  northern 
part  of  the  Roswell  basin: 

Lisi  of  thaUofw  iveUs  in  the  Roswell  bagin. 


Name  of  owner  and  location. 


Albrecht,E.O.,NW.iMc32,T.12  a,R.26£ 

Altebery,J.  R.,8. |  NW.J  aec28,T.  11  a,R.23  B. . 

Bethel,  H.,  W.J  NW.i  sec.  1,T.  17  8., R.  25  E 

Bower8,J.8.,8W.iaec.23,T.118.,R.23E 

Brink,  F.,E.}  NW.  ^  aeclS,  T.118.,R.23£ 

Clark,  J.  H.: 

NW.j8cc.l8,T.17  8.,R.26E 

8E.J8E.i8ec.l2,T.17  8.,R.25E 

Com, W.  W.,8W.  J  SW. i  sec  35,T.  11  S.,R. 25  E . . . 

Costo,N.,8E.i8E.isec8,T.llS.,R.24E 

Gilbert,  C.H.,NE.i  NE.i  sec.21,T.  11  8.,R.25  £.. 

OishwiUer.J.A.,8W.iseo.l8,T.118.,R.24E 

Hobbs,J.W 

Hobbs  &  Hanney,  SE.  i  sec.  2,  T.  11  8. ,  R.  23  E 

Hortenstein,  8W.  i  sec.  23,  T.  12  8. ,  R.  25  E 

MIller,F.,T.ll8.,R.23E 

Millheiser,?.: 

8W.i8W.isec7,T.118.,R.24E 

8W.JNE.isec7,T.118.,R.24E 

Paul8on,P.O.,NW.Jsec30,T.13  8.,R.26E 

Peck,J.C.,8E.j8ec.27,T.118.,R.23E 

8t.  John,  J.  A.,8E.i  8E.i  sec.  18, T.  11  S.,R.24  E.!. 
Saunders,  J.  P.,8W.i  NW.  i  sec.8,T.  13  8.,R.25  E. 

8mith,E.L.,T.118.,R.23E 

8tockard,J.W.: 

SE.i8E.isec.23,T.118.,R.23E 

NW.i8E.isec.23,T.ll8.,R.23E 

Tamer,W.  P.,NE.i  NE.i  sec.7,T.  11  8.,R.24E... 

Whlte,G.A.,seal8,T.14  8.,R.26E 

Wimam8,O.L.,NE.Jsec.7,T.12  8.,R.25E 


Depth. 


Amount 
pumped 
per  day. 


Feet. 
88 

GaUomt. 

206 

72 

132 
125 

38 

7,000 
7,000 

100 

42 

27 
360 

6,000 

71 
58 

8,000 

77 
102 


30 
175 

58 
160 

eo 

155 
120 


84 


5,000 
6,000 
2,000 


3,000 
5,000 


5,000 
7,000 


7,000 


150  7,000 

02  6,000 

30  i         6,000 


IRRIGATION. 

Irrigation  has  been  practiced  to  some  extent  in  the  Roswell  basin  since  the  first  settle- 
ments were  made,  but  prior  to  1889  only  a  few  small  farms  were  irrigated.  The  perma- 
nent water  supply  in  the  vicinity  of  Roswell  was  the  first  to  be  utilized.  Here  a  number 
of  small  ditches  were  dug,  and  by  extending  these  ditches  from  time  to  time  the  present 
Roswell  irrigation  system  has  been  developed.  The  Northern  canal  system,  which  irri- 
gates the  territory  south  of  Roswell,  was  built  by  a  development  company  as  a  part  of 
a  large  irrigating  project,  designed  to  irrigate  Pecos  Valley  from  Roswell  to  the  Texas- 
New  Mexico  line. 

Roswell  system. — A  number  of  ditches  have  been  constructed  from  the  head  springs  of 
Middle  and  South  Berrendo  and  North  and  South  Spring  rivers,  which  furnish  water  for 
the  land  along  their  valleys.  The  surplus  water  of  these  ditches  is  directed  into  the  North- 
em  canal  to  be  used  for  irrigation  farther  down  Pecos  Valley. 

Northern  canal.— This  canal  extends  from  Hondo  River  at  a  point  about  5  miles  east  of 
Roswell  to  near  Lake  Arthur,  a  distance  of  about  35  miles,  and  irrigates  a  laige  district 
of  well-improved  farming  land  in  the  vicinity  of  Hagerman.     Besides  receiving  water  from 
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the  Berrendo  and  North  and  South  Spring  rivers^  the  Northern  canal  is  supplied  with 
water  to  some  extent  by  artesian  wells.  Though  the  water  of  the  Northern  canal  is  highly 
mineralized  from  the  large  amount  of  seepage  water  which  it  receives  in  the  vicinity  of 
Roswell,  the  harmful  salts  apparently  are  not  present  in  sufiBcient  quantities  to  affect  plant 
growth.  The  following  analysis  made  by  Prof.  E.  M.  Skeats  shows  the  average  condition 
of  the  Northern  canal  water: 

Analysis  of  NortKem  txtnal  water. 

Parts  per  million. 

Sodiam(Na) 2fi6ul 

Sodium  and  potassium  sulphates 230. 0 

Magneaium  (Mg) 50.4 

Calcium  (Ca) C8.0 

Chlorine  (CI) 3KL0 

Carbonic  acid  (COi) 101.9 

Sulphuric  acid  (SO«) 349.7 

Silica,  alumina,  and  iron  (810«FeB0sAls0a) 20. 0 

Water  of  crystalUzatton 190.0 

Total  soUd 2,020.0 

Hondo  project. — Preparations  are  now  being  made  by  the  Government  to  store  the  flood 
waters  of  Hondo  River  for  the  purpose  of  irrigating  lands  along  Hondo  Valley  above  Roe- 
well.  The  location  of  the  proposed  reservoir  is  in  a  high  natural  depression  on  the  divide 
between  Blackwater  Arroyo  and  Hondo  River.  The  surface  rock  in  the  vicinity  is  a  mas- 
sive blue  limestone,  weathering  to  light  gray,  underlain  by  alternate  layers  of  gypsum 
and  red  and  yellow  clay.  The  bedding  was  originaUy  uniform,  but  surface  waters  have 
diaaolved  the  gypsum,  causing  a  settling  of  the  beds  in  the  bottom  of  the  reservoir  and 
considerable  local  distortion  around  its  rim.  A  number  of  borings  were  made  with  a  dia- 
mond drill  in  the  bottom  of  the  reservoir,  in  order  to  determine  the  character  of  the  under- 
lying rocks.    The  following  is  a  record  of  one  of  these  borings: 

Record  cf  dtamond-driU  6orinjf,  Hondo  reservoir  site,  New  Mexico. 

Feet 

Clay 0    -11.1 

Brokra  limestone 11.1-22 

CUy 22    -26 

Cavity 25    -30 

Broken  rock  cavities 30   -64. 4 

Oypsum 64.4-70.2 

Clay 70.2-71.9 

Cavity 71.9-73.4 

Loose  rock 73. 4-76. 8 

Gypsum , 76l8-79.8 

Clay 79.8-80.2 

Umestone 80.2-88.4 

Gypsum 88.4-91.8 

ARTESIAN  IRRIGATION. 

The  use  of  artesian  water  for  irrigation  in  the  Roswell  area  began  soon  after  the  first 
flowing  wells  were  obtained,  and  it  has  been  gradually  increasing  ever  since.  Irrigation 
from  the  waters  of  Hondo  and  North  and  South  Spring  rivers  has  been  practiced,  as  pre- 
viously stated,  for  many  years,  and  the  use  of  artesian  water  was  not  resorted  to  until 
most  of  the  surface  waters  of  the  region  had  been  appropriated.  There  are  now  several 
farms  in  the  vicinity  of  Roswell  that  depend  entirely  on  artesian  water  for  irrigation,  and 
to  the  south  nearly  all  the  land  included  in  the  area  of  flow  has  been  filed  on  with  the 
intention  of  reclaiming  it  by  artesian  irrigation.  Many  of  the  farmers  in  the  vicinity  of 
Roswell  who  have  practiced  artesian  irrigation  for  several  years  have  obtained  results 
which  are  highly  satisfactory.  This  has  caused  considerable  interest  and  enthusiasm  among 
those  living  farther  south  in  the  less  developed  portions  of  the  basin,  and  in  this  region 
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many  large  wells  are  now  being  sunk,  which  will  be  used  exclusively  for  irrigation.  Many 
of  these  wells  are  being  provided  with  storage  reservoirs,  so  that  a  laiiger  amount  of  water 
will  be  available  during  the  growing  season-. 

Among  many  landowners  throughout  the  area  there  is  a  tendency  to  overestimate  the 
amount  of  land  that  can  be  irrigated  from  an  ordinary  artesian  well.  According  to  con- 
servative estimates  made  by  irrigators  who  have  had  considerable  experience  in  this  locality 
a  flowing  well  with  a  yield  of  4.50  gallons  per  minute,  provided  with  a  suitable  storage  reser- 
voir, will  irrigate  30  acres  of  alfalfa  or  70  acres  of  orchard.  In  order  to  accomplish  this,  how- 
ever, the  land  must  have  the  proper  slope  and  the  soil  must  be  of  uniform  texture.  Alfalfa 
requires  more  water  than  any  of  the  staple  crops.  Under  ordinary  conditions  30  inches 
per  year  is  sufficient,  but  if  the  land  is  irrigated  during  the  winter  a  larger  quantity  is  re- 
quired. If  this  amount  of  water  is  properly  applied,  three  or  four  crops  may  be  cut,  the 
harvesting  period  raiiging  from  May  to  the  latter  part  of  August.  An  average  yield  of 
alfalfa  is  1  ton  to  the  acre  for  each  cutting. 

It  is  difficult  to  make  definite  statements  regarding  the  irrigation  of  orchards  in  this 
locality.  It  is  accomplished  in  many  different  ways,  depending  mainly  on  the  age  and 
condition  of  the  trees.  In  many  instances  vegetables  are  raised  between  the  rows  of  trees, 
and  no  additional  water  is  required  for  the  irrigation  of  the  orchard.  It  is  generally  suffi- 
cient to  water  an  orchard  once  a  month  during  the  summer  and  once,  or  possibly  not  at  all, 
during  the  winter.    About  15  to  20  inches  of  water  a  year  is  required. 


CLIMATE. 

Temperature. — The  climate  of  the  Roswell  basin  does  not  differ  materially  in  the  pre^ 
vailing  aridity  from  that  of  the  remainder  of  southern  and  eastern  New  Mexico.  The  tem- 
perature of  the  region  is  high,  with  a  low  relative  humidity.  The  summers  are  usually  long 
and  hot  and  the  winters  mild  and  pleasant.  The  maximum  temperature  is  110^  and  the 
minimum  seldom  falls  far  below  zero.  The  following  tables  compiled  from  the  records  of 
the  United  States  Weather  Bureau  give  the  mean  monthly  maximum  and  minimum  tem- 
peratures of  the  Roswell  district.  The  observations  extend  over  a  period  of  ten  yeara, 
1895  to  1904,  inclusive: 

Mean  monthly  temperature  at  RogweUf  N.  Mex, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.    Nov. 

Dec. 

Maximum 

71.6 

7&6 

85.4 

90.1  i  86.9 

101.4 

99.2 

99.4 

97.3 

87.5 

81.5 

74.2 

Minimum I 

6.5 

5.4 

18.4 

26 

3&5 

49.9 

56.8 

65 

41 

2&5 

17 

'7.5 

Rainfall. — ^The  average  annual  precipitation  at  Roswell  is  16.6  inches.  The  greater 
part  of  this  amount  falls  during  the  months  of  June  and  July  in  frequent  showers,  which, 
although  often  violent,  are  generally  local  and  of  short  duration.  Only  a  small  percentage 
of  the  annual  precipitation  falls  as  snow.  The  following  record  of  the  monthly  and  annual 
pecipitation  at  Roswell,  extending  over  a  period  of  ten  years,  shows  considerable  variation: 
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Monthly  and  anniud  precipiiatianj  in  inches,  at  RosiceU,  N.  Mex. 


Year 

,  Jan. 

o.« 

... 

Mar. 

Apr. 
0.14 

May. 

Z31 

June. 
1.28 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
0.85 

Dec. 

An. 
nual. 

1885 

0.48 

0.02 

4.45 

2.90 

1.09 

2.11 

0.07 

16.19 

lS9f) 

0.60 

a  14 

0.02 

T. 

0.12 

1.97 

1.79 

0.40 

1.89 

5.46 

0 

0.64 

13.12 

1897 

1  1.12 

0 

0.59 

1.35 

a  76 

1.42 

2,78 

2.94 

1.25 

.44 

T. 

T. 

15.65 

itm 

0.26 

0.86 

T. 

0.34 

1.03 

6.  OS 

a53 

2.99 

0.09 

T. 

0.50 

1.37 

20.62 

1WI9 

ao6 

0.15 

QL06 

a23     0.27 

1.62 

4.37 

1.21 

3.04 

0.20 

3.21 

1.54 

16.56 

isoo 

0.96 

T. 

0.50 

aao 

1.62 

2.13 

2.83 

1.25 

&53 

3.33 

0.17 

0.07 

19.80 

1801 

a2i 

1.15 

0.00 

0.97 

1.04 

0.22 

3.04 

0.60 

1.99 

2.21 

&15 

0.26 

17.84 

1902 

1.24 

0.00 

0.83 

T. 

0.70 

1.03 

5.52 

1.80 

XOS 

1.36 

0.52 

0.50 

1&58 

1903 

0.22 

I  0.16 

o.g6 

0.14 

0.10 
0.00 

T. 
0.07 

0.74 
1.30 

4.37 
1.80 

0.92 
5.10 

T. 
2.67 

0.00 
0.15 

0.00 
0.30 

1904 

1.23 

0.8,1 

13.75 

The  heaviest  rainfall  ever  recorded  at  Roswell  was  on  October  31,  1901,  when  5.65  inches 
fell  in  one  night,  causing  considerable  damage  by  flooding. 


AGRICULTURE. 

Tne  general  aridity  of  the  climate  renders  farming  without  irrigation  impracticable 
except  in  a  few  low-lying  areas  adjacent  to  Pecos  River.  In  consequence  agriculture  is 
restricted  to  those  portions  of  the  valley  where  water  can  be  obtained  from  some  of  the  vari- 
ous canals  or  from  artesian  wells.  The  cultivated  portions  of  the  basin  at  present  com- 
prise about  one-eighth  of  the  total  area  included  in  this  report,  the  remainder  being  utilized 
for  pasturage  of  cattle — an  industry  to  which  the  higher  lands  are  well  adapted.  The  chief 
products  are  alfalfa,  Kaffir  com,  wheat,  oats,  com,  potatoes,  Mexican  beans,  cantaloupes, 
celery,  and  a  lai^  variety  of  garden  vegetables.  Alfalfa  and  Kaffir  corn  are  perhaps  the 
largest  crops  and  both  are  consumed  in  the  region.  Fmit  raising  is  a  growing  industry  and 
many  large  orchards  are  found  in  the  irrigated  district.  Peaches,  pears,  plums,  cherries, 
and  other  small  fmits  have  a  hardy  growth  and  an  abundant  yield,  but  the  apple  crop  is 
the  most  important.  At  South  Spring  there  is  a  large  apple  orchard,  comprising  about  600 
acres,  from  which-  many  thousand  pounds  of  apples  are  shipped  annually.  Several  large 
apple  orchards  have  been  planted  during  the  last  five  years,  and  fmit  raising  seems  destined 
to  become  one  of  the  most  important  industries  of  the  district.  The  seasons  are  ordinarily 
of  sufficient  length  to  insure  the  maturity  of  all  cultivated  crops. 
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SUMMARY  OF  THE  UNDERGROUND-WATER  RESOURCES 

OF  MISSISSIPPI. 


By  A.  F.  Crider  and  L.  C.  Johnson. 


INTRODUCTION. 

GENERAL   WATER   CONDITIONS    IN    MISSISSIPPI. 

The  problem  of  obtaining  potable  water  in  sufficient  quantities  and  at  a  minimum  cost 
has  long  engaged  the  attention  of  scientific  and  practical  men  in  both  Europe  and  America. 
More  recently  the  de^th  of  a  large  number  of  people  from  infectious  diseases  contracted 
by  drinking  contaminated  surficial  water  has  directed  the  attention  of  the  general  public 
to  the  necessity  of  seeking  drinking  water  from  some  other  source. 

la  the  Gulf  Coastal  Plain,  of  which  Mississippi  is  a  part,  conditions  are  favorable  for 
reducing  to  a  minimum  the  death  rate  caused  by  drinking  impure  and  unwholesome  water. 
A  study  of  the  geologic  conditions  of  the  State  shows  that  there  is  a  great  thickness  of 
imconsolidated  sands  interbedded  with  water-tight  clays  which  dip  slightly  to  the  south 
and  west  and  form  large  underground  reservoirs  for  the  accumulation  of  water.  The  State 
has  a  heavy  annual  rainfall,  which  enters  the  upturned  edges  of  the  open-textured  sands, 
collects  in  these  wide  reservoirs,  and  thus  becomes  available  as  well  water  when  the  ove^ 
lying  strata  are  drilled  through.  Good  deep-well  water  cau  be  obtained  over  almost  the 
entire  State,  and  there  are  large  areas  in  which  imder  favorable  conditions  flowing  wells 
are  obtained.  The  dip  of  the  strata  is  so  regular  and  the  water  horizons  are  so  numerous 
that  the  areas  are  small  in  which  potable  water  can  not  be  found  at  comparatively  shallow 
depths. 

In  most  of  the  localities  having  flowing  wells  the  supply  seems  adequate  for  all  demands 
so  far  made  upon  it.  The  low  cost  of  drilling  wells  in  the  Gulf  embayment  has  made  it 
possible  for  even  the  poorest  to  have  plenty  of  good  water.  Railroads,  cotton  mills, 
sawmills,  canning  factories,  and  various  public  works  have  found  the  deep-well  water 
cheaper  and  better  than  surficial  water.  Along  the  southern  coast  in  the  lice  area  water 
for  irrigation  i^  in  many  places  obtained  from  artesian  wells. 

FIELD   WORK. 

The  field  work  for  this  report  was  done  by  Messrs.  L.  C.  Johnson  and  A.  F.  Crider.  Mr. 
Johnson  has  been  engaged  for  a  number  of  years  in  geologic  work  in  Mississippi  and  Ala* 
bama  for  the  Alabama  Geological  Survey,  and  later  for  the  United  States  Geological  Survey. 
The  collection  of  well  records  in  this  report  was  to  a  great  extent  made  by  him.  In  the 
fall  of  1904  Mr.  Crider,  under  the  supervision  of  Messrs.  E.  C.  Eckel  and  M.  L.  Fuller,  in 
charge  of  geology  and  water  resources,  respectively,  collected  further  data  on  the  geology 
and  its  relation  to  the  underground  waters  of  the  State.  The  present  report  was  pre- 
pared by  Mr.  Crider  from  the  data  obtained  from  these  sources.  Much  valuable  informa- 
tion was  also  obtained  from  owners  of  wells,  drillers,  and  others  interested  in  the  work. 
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GEOGRAPHY. 

Mississippi  occupies  the  central  position  of  the  States  bordering  on  the  Gulf  of  Mexico, 
with  Alabama  and  Florida  to  the  cast  and  Louisiana  and  Texas  to  the  west.  It  has  a 
total  area  of  46,810  square  miles,  with  an  extreme  length  from  north  to  south  of  330  miles 
and  a  maximum  width  of  188  miles.  It  has  8.5  miles  of  coast  line  on  the  Mississippi  Sound 
and  a  water  frontage  of  500  miles  on  Mississippi  River. 

The  southern  third  of  the  State  is  largely  covered  with  a  fine  growth  of  long-le&f  yellow 
pine,  which  is  being  rapidly  removed  for  lumber.  There  is  still  much  valuable  hard  wcmkI 
and  short-leaf  pine  in  the  northern  portion  of  the  State.  Besides  the  large  areas  of  virgin 
timber,  much  land  in  the  Stat«  that  was  in  cultivation  before  the  civil  war  has  since  been 
abandoned  and  now  bears  second-growth  timber  of  a  poorer  quality,  consisting  princi- 
pally of  short-leaf  pine. 

TOPOGRAPHY. 

With  the  exception  of  a  very  small  area  in  the  northeast  comer,  the  entire  State  of 
Mississippi  lies  in  the  Coastal  Plain.  There  is  a  gentle  slope  southward  and  westward 
from  the  region  of  northern  Mississippi,  where  the  highest  hills  rise  about  700  feet  above 
sea  level. 

The  larger  streams,  such  as  the  Tombigbee  on  the  east  and  the  Mississippi  on  the  west, 
have  cut  out  large  valleys  and  have  worn  them  down  almost  to  base-level.  The  smaller 
streams  have  l)eon  constantly  cutting  back  from  the  lai^er  until  there  are  but  few  undrained 
interstream  areas.  The  configuration  of  the  State,  therefore,  has  been  greatly  changed, 
so  that  it  can  be  separated  into  distinct  topographic  subdivisions. 

The  prevailing  unconsolidated  material  of  the  various  geologic  formations  has  affected 
the  topography  of  the  State  but  little.  The  rivers  and  smaller  streams  in  many  cases 
flow  at  right  angles  to  the  strike,  thus  cutting  across  the  changing  strata  of  the  various 
formations. 

Tennessee  River  hiUs. — The  foothills  of  the  Appalachian  Plateau  reach  their  south- 
western terminus  in  the  northeast  comer  of  Mississippi,  near  Tennessee  River.  Tbe 
streams  flowing  into  the  Tennessee  are  short  and  have  a  steep  gradient.  They  have  thus 
cut  deep  channels  into  the  older  Carboniferous  rocks,  which  stand  out  as  high  clifTs  and 
form  the  most  picturesque  scenery  of  the  State. 

The  western  side  of  the  Tennessee  River  hills  slopes  more  gently  to  the  Tombigbee 
Valley.  The  elevation  of  the  ridge  bi'tween  the  Tennessee  and  the  Tombigbee  is  600 
feet  or  more.  The  elevation  of  the  river  at  Columbus  is  146  feet  alwve  sea  level.  This 
gives  a  total  descent  of  over  450  feet  for  the  watei-s  of  the  westem  slope  of  the  Tennessee 
River  hills. 

Tombigbee  Valley  or  Northeast  Prairie. — ^The  Tennessee  River  hills  and  the  high  ridge 
extending  north  and  south  from  the  town  of  Pontotoc  were  once  continuous  across  the 
broad  valley  of  the  Tombigbee.  There  is  still  a  line  of  highland  connecting  the  hilLs  of 
the  northeast  with  the  plateau  of  the  central  part  of  the  State,  as  the  following  elevations 
will  show:  luka  is  4()0  feet  above  sea  level  and  to  the  south  the  hills  rise  still  higher, 
forming  the  divide  between  Tombigbee  River  and  the  waters  of  the  Tennessee  and  Hatehee. 
The  towns  of  Boonevillc  and  Ripley  are  situated  near  the  crest  of  the  divide;  the  for- 
mer is  532  feet,  the  latter  525  feet,  above  .sea  level.  The  broad  valley  of  the  Tombigbee, 
commonly  known  as  the  "  black  prairie,"  has  an  elevation  ranging  from  179  feet  at  Macon 
to  5iB2  feet  at  Booneville.  The  Tombig]x>e  Valley  is,  therefore,  a  broad  spoon-shaped 
trough  with  a  high  rim  on  three  .sides. 

North-central  ]>lateau. — The  large  area  occupying  the  north-centml  part  of  the  State  is 
a  plateau  sloping  gently  westward  and  southward  from  the  divide  between  the  Tombigbee 
basin  on  the  east  and  the  Mississippi  and  Pearl  Riv^er  basins  on  the  west.  The  region 
has  been  greatly  dissected  by  streams  which  still  have  deep,  narrow  valleys. 
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The  pl&teau  ends  very  abruptly  along  its  western  border,  which  is  distinctly  marked 
by  a  line  of  hills  or  bluffs  extending  from  Memphis,  Tenn.,  to  Vicksburg,  Miss.,  along  the 
eastern  rim  of  the  Yazoo  £>elta.  The  blufTs  stand  200  feet  or  more  alx>ve  the  low-lying 
delta  to  the  west.  The  difference  in  elevation  of  the  Yazoo  Dt^lta  and  the  central  plateau 
to  the  east  has  caused  the  streams  in  central  Miasissippi  to  cut  the  bottoms  of  their  chan- 
nels mure  rapidly  than  they  have  widened  their  valleys. 

Hie  divide  between  the  waters  of  the  Tombigbee  and  Ilatchee  basins,  which  extends 
westward  from  the  southern  part  of  Tishomingo  County  to  Kipley,  continues  unbroken 
with  a  gentle  westward  slope  through  central  Tippah,  northern  Marshall,  and  De  Soto 
counties  almost  to  Mississippi  River.  The  highest  known  elevation  along  this  divide  is 
near  the  town  of  Holly  Springs,  where  the  Ulinois  Central  Railroad  reaches  625  feet 
above  sea  level.  The  elevation  of  Olive  Branch,  in  eastern  De  Soto  County,  is  421  feet, 
and  near  Horn  Lake,  which  is  but  12  miles  from  the  Mississippi,  the  elevation  Is  340  feet. 

Extending  north  and  south,  or  at  right  anglas  to  the  east-west  divide,  is  the  Pontotoc 
divide,  which  separates  the  waters  of  the  Tombigbee  basin  from  those  of  the  Mississippi, 
Pearl,  Leaf,  and  Chickasawhay  rivers.  The  Mobile,  Jackson  and  Kansas  City  Railroad 
follows  the  ridge  from  Pontotoc  to  Louisville.  Here  the  ridge  turns  southeast  and  passes 
into  Alabama  at  the  southern  border  of  Lauderdale  County.  This  divide  has  a  general 
elevation  throughout  the  State  of  about  500  feet. 

Yazoo  Delta. — The  vast  alluvial  bottom  known  as  the  Yazoo  Delta  contains  over  6,000 
square  miles  lying  between  Mississippi  River  and  the  line  of  hills  extending  from  Memphis 
through  Batesville  and  Yazoo  to  Vicksburg.  South  of  Vicksburg  the  Mississippi  has 
a  sharp  wnJl  on  the  east  bank  and  a  broad  valley  on  the  Louisiana  side. 

There  is  but  Httle  relief  over  the  entire  delta  area.  The  larger  streams,  such  as  the 
Yazoo,  Coldwater,  Tallaliatchie,  Sunflower,  and  the  Mississippi  on  the  western  boundary, 
have  built  up  Llieir  banks  by  continual  deposition  so  that  the  highest  elevations  are  near 
the  rivers,  and  there  are  gentle  slopes  to  the  interstream  areas.  When  the  Mississippi 
overflows  the  delta  the  banks  of  the  larger  streams  are  the  last  to  !»  submerged. 

There  is  a  gradual  slope  southward  from  the  Tennessee  boundary,  at  an  elevation  of  217 
feet,  to  Vicksburg,  which  is  94  feet  alx)ve  sea  level.  An  (»a.st-west  line  from  Greenwood 
to  Greenville  shows  very  little  variation  in  the  three  known  elevations.  That  at  (Jreen- 
wood  is  143  feet,  while  the  towns  of  Leland  and  Greenville  are  each  12.5  feet  alK)vc  sea 
level.    This  shows  a  very  slight  westward  slope. 

Jadc$on  prairies. — Between  the  roughly  carved  region  of  the  north-central  plateau 
and  the  long-leaf-pine  hills  to  the  south  is  a  belt  of  country  known  as  the  Jackson  or  central 
prairies.  Its  extent  coincides  with  the  area  underlain  by  the  Jackson  formation,  which 
is  described  on  page  10. 

The  surface  is  more  rolling  than  that  of  the  regions  to  the  north  and  south,  lietween 
Pearl  River  southeast  of  Canton  and  the  town  of  Vosburg  are  large  areius  of  level  prairies 
covering  hundreds  of  square  miles.  The  streams  on  the  north  side  of  this  lx»lt  as  far  east 
as  Newton  flow  north  and  northwest  to  the  Pearl;  the  streams  on  the  south  side  flow  to 
Strong,  Leaf,  and  Chickasawhay  rivers. 

The  elevation  along  the  crest  of  the  divide  ranges  from  426  feet  at  Vosburg  to  475  feet 
at  Forest.  There  is  a  gentle  southward  slope  of  less  than  2  feet  per  mile  from  Ijouisville, 
which  is  552  feet  above  sea  level,  to  the  Jackson  prairies.  The  western  third  of  the  Jackson 
prairies  is  much  lower  than  the  region  to  the  east.  ThLs  is  due  to  the  valleys  of  Pearl 
and  Big  Black  rivers.  These  rivers  opposite  Canton  approach  within  16  miles  of  each 
other,  but  the  Big  Black  flows  at  a  much  lower  elevation. 

Long4eaf'^ne  hills. — The  region  from  the  Jackson  prairies  to  the  Gulf  presents  a  diversity 
of  topographic  features.  In  many  particulars  it  is  analogous  to  the  north-central  plateau. 
The  highest  elevations  rise  more  than  'iH)  feet  alx)ve  sea  level.  The  largest  streams  flow 
in  very  narrow  valleys  and  are  but  little  above  sea  level.  The  smaller  streams  are  short 
and  have  steep  gradients. 
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The  interetream  areas  west  of  Pearl  River  have  a  maximum  height  of  perhaps  600  feet. 
The  Illinois  Oentral  Railroad  from  Beechgrove  to  Magnolia  has  many  points  above  425 
feet  in  elevation,  and  reaches  a  maximum  of  487  feet  5  miles  north  of  Uazlehurst.  This 
high  plateau  extends  westward  to  within  10  to  15  miles  of  Mississippi  River. 

The  region  east  of  Pearl  River-is  much  lower  except  a  small  area  south  of  Brandon,  in 
southern  Rankin  and  Simpson  counties.  Chickasawhay,  Leaf,  and  Pascagoula  rivers  are 
but  little  above  sea  level,  while  the  areas  between  have  a  maximum  elevation  of  only  350 
feet. 

GENERAL  GEOLOGY. 

STRATIGRAPHY. 

Though  the  geologic  structure  of  Mississippi  is  very  simple,  the  details  of  the  stratig:- 
raphy  are  hard  to  make  out.  This  is  due  largely  to  the  extent  to  which  the  underlying 
rocks  are  covered  by  the  more  recent  deposits,  such  as  the  alluvium  and  the  "orange 
sand  "  or  Lafayette  formation. 

The  older  rocks  of  the  State  represented  by  the  Devonian  and  Carboniferous  form  the 
old  sea  floor,  on  which  at  a  much  later  period  the  more  unconsolidated  beds  belonging  to 
the  Cretaceous  were  laid  down.  The  older  rocks  underlie  the  entire  State,  but  come  to 
the  surface  only  in  the  northeast  comer  along  Tennessee  River. 

The  newer  rocks  outcrop  south  and  west  of  this  older  mass  in  successive,  roughly  parallel 
bands.  All  dip  slightly  to  the  southwest,  so  that  if  an  observer  should  start  in  Tishomingo 
County  and  travel  through  the  State  either  south  or  west  he  would  find  himself  continually 
passing  over  newer  and  newer  series  of  rocks,  until  he  finally  reached  the  very  recent 
alluvial  deposits  which  fringe  the  Gulf  and  Mississippi  River.  The  newer  rocks,  overlap- 
ping the  older  in  the  northeast,  cover  them  to  a  greater  and  greater  depth  to  the  west 
and  south.  At  the  town  of  Corinth  the  hard  rocks  were  struck  at  a  depth  of  450  feet 
from  the  surface,  but,  so  far  as  known,  no  wells  west  or  south  of  this  have  entered  the 
hard  Paleozoic  rocks. 

The  Cretaceous  and  Tertiary  sediments  were  deposited  in  a  vast  trough  comprising  the 
present  States  of  Mississippi,  western  Tenne^isee  and  Kentucky,  and  soitthern  Illinois  on 
the  east  side;  and  southeastern  Missouri,  eastern  Arkansas,  Louisiana,  and  southeastern 
Texas  on  the  west.  To  the  east,  north,  and  west  of  the  embayment  was  higher  land, 
which  was  worn  down  by  erosion  and  from  which  material  was  carried  by  the  streams 
and  deposited  in  the  trough-like  embayment.  Thus  we  have  a  series  of  strata  dipping  to 
the  south  and  west  on  the  east  side  of  the  embayment  and  to  the  east  and  south  on  the 
west  side.  The  fine  artesian-water  basin  in  this  region  is  due  to  the  sandy,  unconsolidated 
character  of  the  sediments  and  the  gentle  slope  of  the  sea  floor  on  which  they  were  deposited. 


o 

z 

UJ 

o 


> 

K 

< 

Z 

**. 

^^ 

q: 

|v^\SN 

UJ 

> 

^v^ 

< 

:; 

m' 

D 

O 

5*^ 

15 


I 


.|1 


isii 


STRATIGRAPHY.  6 

The  following  section  shows  the  geologic  groups  which  arc  exposed  in  Mississippi  and  the 
relation  of  one  group  to  another,  the  newest  formations  being  at  the  top  of  the  table  and 
the  oldest  at  the  bottom: . 

General  geologic  section  of  Mississippi. 


System. 


Quaternary. . 


Series. 


Tertiary. 


Miocene  7. . 


Miocene. . 


Oligocene.. 


Eocene. 


Crftaceous.. 


Carboniferous 
Devonian 


Formation. 


/Recent  alluyium.  Sands,  silts,  and 
loam. 

Yellow  loam.  Surface  loam  or  briclc 
clays  of  northwestern  Mississippi. 

Fossiliferous  loess.  Gray  to  bulT- 
colored  calcareous  silt,  containing 
land  shells. 

Port  Hudson.  Greenish  to  bluish 
clays,  with  interbedded  sands. 
Calcareous  concretions  In  lowest 
members. 

Lafaj'ctte.  Red  to  yellow  sands  and 
iron-stained  peboles.  Sands  in 
places  containing  large  amount  of 

\    clay. 

Grand  Gulf.  Gray  aluminous  sand- 
stones, interbedded  with  white  to 
gray  plastic  clays  in  northwest; 
darker-t^olored  clays  containing  lig- 
nitized  wood  and  vegetable  matter 
in  southeast. 

Pascagoula.  Calcareous  sands,  con- 
tainmg  numerous  fossils. 

Vlcksburg.  White,  yellow,  and  blue 
crvstalline  limestone,  interlxHlded 
wfth  thin  layers  of  indurated  calca- 
reous clay. 

'Jackson.  Gray  calcareous  clays,  lig- 
nltic  clays  with  gray  siliceous 
sands,  and  some  greensand. 

I.iabon  formation. 
Calcareous  clays 
and  gri'ensands. 

Tallahatta  buhr- 
stone.  Alumi- 
nous and  quartz- 
Itic  sandstones, 
grcensanda,  and 
clay  stones. 

Wilcox.  Highly  stratified  sands  and 
davs  of  various  colors,  with  some 
i>e<is  of  greensand  marl. 


Porters  Creek.  Gray 
aluminous  clays. 

Clayton.  Limestone, 
.    sands,  and  clays. 

Ripley.  Limestones,  sandstones, 
and  clays. 

Selma  chalk.  White  chalky  lime- 
stone and  blue  calcareous  clays. 

Eutaw.  Silic<»ous  sands  and  clays, 
with  some  greensand. 

Tuscaloosa.  Variegated  sands  and 
clays. 

(Sandstone,  limestone,  and  clays. 
Limestone  and  chert 
Sllkvous  chert 


Water  supply. 


Clailwme  group . 


Midway  group . 


Dark  limestone  and  shale. 


Large  supply  of  unwholesome 
water. 


Little  or  no  water. 


Plenty  of  soft  but  unwholesome 
water. 


Good,  wholesome,  soft  water. 
Source  of  shallow  wells  and 
springs  in  nortli-central  and 
southern  Mississippi. 

Source  of  flowing  and  nonflow- 
ing  wells  and  numerous  min- 
eral springs. 


Probable  source  of  flowing  wells 
along  the  (Julf  coast. 

Little  or  no  water. 


Small  amount  of  highly  mineral- 
ized water. 


l^Ittle  or  no  water. 


Plenty  of  water,  which  is  some- 
times  highly  mineralized. 
Source  of  aeep  flowing  and 
nonflowing  wells  in  the  central 
and  southern  parts  of  the 
Yazoo  Delta;  also  In  Clarke 
County. 

Large  supplies  of  soft  water. 
S<)un.'«»  of  deep-well  waters  in 
the  northern  area  of  the  Yazoo 
Delta.  Water  frequently  min- 
eralized. 


Little  or  no  water. 


Plenty  of  wholesome  water. 
Source  of  flowing  wells  in 
Pontotoc  and  Union  counties. 

Occasional  springs  of  hard 
water. 

I  Water  plentiful.  Source  of  flow- 
ing and  nonflowing  wells  over 

\  Selma  chalk  area.  Water  fre- 
quently    impregnated     with 

I    iron. 

Numerous  fresh-water  springs; 
wells  uncertain. 

Little  or  no  water. 
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DESCRIPTION  OF  FORMATIONS. 

devohiak; 

The  lowest  rocks  found  in  the  State  consist  of  a  series  of  dark-blue  limestones,  thinly 
bedded  fine-grained  sandstones,  and  shales  representing  the  Devonian.  The  lowest  visible 
strata  are  a  series  of  beds  of  dark-blue  limestone  45  to  50  feet  thick,  above  which  come  10 
feet  or  more  of  highly  siliceous  chert,  which  has  weathered  into  a  sponge-like  mass  and 
contains  numerous  fossils.  These  Messrs.  Schuchert  and  Kindle  have  determined  b» 
equivalent  to  the  "New  Scotland"  beds,  which  lie  at  the  base  of  the  Devonian  in  New 
York.  The  fossiliferous  cherty  layer  is  overlain  by  75  to  80  feet  of  black,  and  in  places  blue, 
shale  containing  more  or  less  iron  pyrite. 

The  Devonian  rocks  are  of  no  importance  as  water  carriers,  but  they  act  as  an  impene- 
trable barrier  to  the  surficial  waters  and  their  line  of  outcrop  is  marked  by  numerous 
springs.  The  outcrop,  which  is  limited  in  this  State,  forms  the  bed  rock  and  steep  cliffs 
along  the  west  bank  of  Tennessee  River  and  can  be  traced  for  a  short  distance  along  Yellow 
Creek,  Indian  Creek,  and  other  small  streams  flowing  into  the  Tennessee.  The  to[»  of  the 
hills  between  these  streams  are  covered  with  Cretaceous  scdimentfi.  ThiJ  shaly  material 
which  was  struck  in  the  Corinth  well  perhaps  belongs  to  the  dark-colored  shales  coming 
above  the  fossiliferous  horizon  along  Yellow  Creek. 

0ARB0KIFERO1T8. 

Above  the  Devonian  lies  the  Mississippian  (Lower  Carboniferous)  series  of  limestones, 
sandstones,  and  shales.  The  thickness  of  these  beds  is  not  known,  but  it  is  perhaps  700  or 
800  feet.  They  arc  but  little  disturlx*d  and  have  a  perceptible  dip  to  the  south  and  west. 
The  Carboniferous  represents  the  southwestern  extremity  of  the  southern  Appalachian 
Plateau,  whose  southern  and  western  slopes  are  overlapped  by  the  younger  formations. 

The  heavy-bedded  limestones  in  many  places  interl)edded  with  shales,  caiLse  nume^Ml^ 
springs  along  the  watercourses.  The  coarse-grained  sandstone  at  the  top  of  the  Carbonif- 
erous forms  a  reservoir  for  the  accumulation  of  water,  but  in  numerous  places  it  has  bec»n 
cut  through  to  the  underlying  limestone,  and  excellent  springs  are  found  at  its  base.  Where 
there  is  no  leakage,  good  water  is  obtained  by  drilling  through  the  sandstone. 

In  the  Carboniferous  area  good  water  is  obtained  at  the  base  of  the  overlapping  surficial 
red  and  yellow  sands  and  from  numerous  springs,  so  that  very  little  attention  has  Ix'en 
given  to  the  deeper  waters. 

The  area  of  the  Carboniferous  outcrop  is  somewhat  greater  than  that  of  the  Devonian, 
but  it  is  likewise  confined  to  the  stream  valleys  in  the  eastern  and  southern  portions  of 
Tishomingo  County,  in  soutiheastern  Prentiss,  and  in  northeastern  Itawaml>a  (\>univ. 
Over  a  large  area  along  the  ea-stern  border  of  the  Lower  Cretaceous  the  Carboniferous  lit-s 
near  the  surface,  but  the  westward  dip  of  the  old  sea  floor  and  the  constantly  increasing 
depth  of  the  Cretaceous  to  the  west  soon  carry  the  Carboniferous  strata  hundreds  of  ftH*i 
lx»low  the  surface. 

CRETACEOTTB. 

TUSCALOOSA    FORMATION. 

Between  the  uppermost  member  of  the  Carboniferous  and  the  next  overlying  formation 
met  with  in  northeastern  Mississippi  there  is  a  marked  unconformity.  This  overlapping: 
formation  is  well  shown  near  Tuscaloosa,  Ala.,  from  which  it  has  been  named.  In. tin- 
Tascaloosa  formation  and  in  those  of  still  younger  age  the  important  water  horizons  of  the 
State  are  found.  In  Tennessee  the  Tuscaloosa  and  the  overlying  Eutaw  have  Ix^en  groupt^d 
together  and  descril^ed  under  the  name  of  "Coffee"  sands. 

In  its  lower  portion  the  Tuscaloosa  is  composed  of  various  colored  clays,  lignit^e,  and 
lignitic  clays;  in  the  upper  part  are  variegated,  cross-bedded  sands  and  sandy  clays.  Tlie 
clays  at  the  base  are  so  compact  and  free  from  sand  that  they  serve  to  ret<ain  or  check  t  he 
descending  waters. 
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The  sands  of  the  upper  portion  supply  the  water  of  this  formation.  They  do  not  extend 
in  one  continuous  hed  from  the  top  to  the  bottom,  hut  there  are  various  irregular  horizons 
throughout  the  formation,  which  supply  water.  The  irregularity  is  due  to  the  nonron- 
tinuous  beds  of  clay,  which  are  not  persistent  throughout  the  formation. 

The  thickness  of  the  formation  is  estimated  from  well  borings  in  western  Alabama  to  be 
1 ,000  feet,  of  which  300  to  400  feet  or  more  are  the  compact  clays  at  the  base.  In  wells  at 
Corinth,  Miss.,  the  hard  rocks  of  the  old  sea  floor  were  encountered  at  450  feet.  At  a  depth 
of  1.50  feet  the  upper  sands  of  the  Tuscaloosa  were  found,  so  that  the  entire  thickness  of  the 
formation   in  the  north  is  300  feet. 

The  area  occupied  by  the  formation  is  a  long,  narrow  strip  east  of  a  meandering  lino 
extending  north  of  the  town  of  Columbus  to  the  Tennessee  line,  including  the  northeastern 
portion  of  Lowndes,  the  eastern  half  of  Monroe,  and  a  small  strip  in  the  eastern  part  of 
Prentiss  and  Alcora  counties,  and  overlapping  the  Carboniferous  and  Devonian  in  Tisho- 
mingo County. 

EUTAW   FORMATION. 

Immediately  overlying  the  Tuscaloosa  is  the  Eutaw  formation,  which  is  typically  exposed 
at  Eutaw,  Ala.  The  lowest  division  of  the  Eutaw  is  composed  of  non  fossil  if erous,  highly 
micaceous  sands  and  is  distinguished  with  difficulty  from  the  underlying  sands  of  the 
Tuscaloosa.  In  the  upper  portion  of  the  formation  the  sands  Ix^come  lighter  in  color, 
incn.>ase  in  lime  carbonate,  and  are  more  or  le^  fossiliferous.  This  marks  the  beginning 
of  the  marine  conditions  which  culminated  in  the  Midway. 

The  formation  is  about  300  feet  thick  near  the  Alabama  line  and  gradually  becomes 
thinner  to  the  north.  The  Cox  well  at  Corinth  is  reported  to  have  struck  the  Eutaw  water- 
I soaring  sands  at  a  depth  of  90  feet. 

The  area  underlain  by  the  Eutaw  formation  consists  of  a  narrow  In^lt  of  country,  5  to  12 
milc^  wide,  lying  just  west  of  the  area  of  the  Tuscaloosa  formation.  Under  the  heading 
''Water  horizons  of  Mississippi"  the  Tuscaloosa  and  Eutaw  have  been  taken  together  as 
forming  one  water  horizon.  These  formations  are  the  most  important  water  bearers  in 
northeastern  Mississippi,  and  over  lai'ge  areas  wi'st  of  their  outcrop  these  form  the  only 
source  of  well  water. 

SELMA    CIIAI^. 

The  suMivision  immediately  overlying  the  Eutaw  formation  is  the  Selma  chalk  or  "  rotten 
limestone.'"  In  general  appearance  the  Selnia  formation  is  a  mass  of  loost^ly  cemented 
lime  carbonate  (PI.  II,  A);  but  it  can  lie  separated  into  thrc^e  divisions— ( 1 )  the  sandy  or 
transition  beds  at  the  base,  (2)  the  "  blue  rock  "  or  unweathered  portion,  and  (3)  the 
"rotten  limtstone"  or  chalk  near  the  surface. 

The  lowest  division  contains  a  great  amount  of  frex^  sand,  which  was  washed  into  the 
Selma  sea  from  the  older  land  surface  to  the  east.  This  forms  the  transition  bed«i  from  the 
extreme  sandy  portion  of  the  Eutaw  to  the  purer  lime  carbonate  of  the  upper  Selma. 

The  "  blue  rock "  or  middle  portion  contains  a  large  amount  of  clay,  and  when  f r&shly 
exposed  is  of  a  bluish  color.  The  clay,  which  renders  the  rock  impervious,  confines  the 
water  in  the  Eutaw  sands  below,  and  thus  makes  it  possible  to  have  artesian  wells  over  the 
eastern  Selma  area.  The  clayey  portion  contains  the  only  suitable  material  for  holding 
cistern  water. 

The  uppermost  division  contains  a  greater  amount  of  lime  carbonate  and  much  less  clay 
than  the  blue  rock.  It  weathers  along  the  rapidly  cutting  streams  into  white  chalk  bluffs, 
which  are  exposed  along  the  western  border  of  the  outcrop.  Tire  porous  chalk  of  the  upper 
subdivision  absorbs  a  great  amount  of  water,  and  streams  soon  dry  up  after  a  rain. 

The  thickness  of  the  Selma,  as  determined  by  many  deep  wells  throughout  the  region,  is 
found  to  vary  from  about  350  feet  near  the  Tennessee  line  to  1 ,000  feet  at  Starkville.  In 
estimating  the  thickness  of  the  formation  a  small  allowance  must  be  made  for  the  westward 
dip  of  35  feet  to  the  mile  in  the  south  and  10  to  15  feet  in  the  north. 
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The  surface  of  the  outcropping  Selma  is  a  level  or  rolling  prairie  well  adapted  to  agricul- 
ture. It  embraces  the  larger  part  of  Noxubee,  western  Lowndes,  eastern  Oktibbeha,  the 
lai^er  part  of  Clay,  western  Monroe,  the  eastern  half  of  Chickasaw,  almost  all  of  Lee,  western 
Prentiss,  and  central  Alcorn  counties.  The  west  line  of  outcrop  can  be  traced  approxi- 
mately through  the  towns  of  Scooba  and  Flatwood,  and  3  miles  west  of  Starkville  to  Houston. 
From  here  the  line  bends  more  to  the  east,  through  Troy,  Blue  Springs,  Graham,  and  Anti- 
och,  and  2  miles  west  of  Kossuth  to  the  Tennessee  line. 

RIPLEY   FORMATION. 

Above  the  Selma  chalk  is  the  uppermost  division  of  the  Cretaceous,  which  has  been  called 
the  Ripley  formation,  and  which  is  made  up  of  three  substances.  Dark-blue  marl,  contain- 
ing abundant  well-preserved  fossils,  occupies  the  upper  part,  and  thinly  bedded  marly 
clays,  alternating  with  sandy  limestone,  tiie  lower  part.  The  limestones  are  sufficiently 
porous  to  hold  water.  They  come  to  the  surface  along  the  eastern  border  of  the  Ripley 
outcrop,  and,  with  a  westward  dip  of  the  strata  greater  than  the  slopt*  of  the  surface,  a 
small  artesian  basin  is  formed  along  the  headwaters  of  Tallahatchie  River. 

The  thickness  of  the  formation,  estimated  by  the  width  of  the  outcrop  with  a  westward 
dip  of  15  feet  to  the  mile,  is  at  a  maximum,  280  feet. 

The  change  from  the  rolling  prairie  surface  of  the  Selma  to  the  steep  hills  of  the  Ripley  is 
very  noticeable.  The  Ripley  formation  occupies  a  much  smaller  area  than  the  Selma  chalk, 
being  widest  at  the  north  and  wedging  out  entirely  in  (Chickasaw  County,  at  the  town  of 
Houston.  From  here  south  to  the  Alabama  border  the  high  hills  of  the  Riple\-  as  found  in 
Tippah,  Union,  and  Pontotoc  counties  are  entirely  wanting,  except  in  a  small  area  near  the 
Alabama  border.  It  is  well  exposed  in  Alabama,  but  wedges  out  in  Kenip<»r  C-ounty,  Miss., 
near  the  town  of  Shuqualak.  From  here  to  Houston  the  level  *'  Flatwoods"  of  the  Midway 
border  on  the  prairie  lands  of  the  Selma  chalk. 

TERTIARY. 

MIDWAY    GROUP. 

Clayton  limestone. — The  lowest  division  of  the  Tertiary  is  represented  in  Mississippi  by  a 
series  of  hard  crystalline  limestones,  known  as  the  Clayton  limestone,  and  calcareous  sandy 
marls.  The  limestone  of  this  formation  was  referred  by  Hilgard  to  the  Ripley,  but  later 
investigation  by  Harris  and  others  has,  on  paleontologic  evidence,  placed  it  in  the  Midway. 

The  limestone  has  a  maximum  thickness  of  20  feet  near  the  town  of  Ripley.  It  is  overlain 
by  20  to  30  feet  of  reddish  to  yellow  sandy  marl  containing  lime  carlwnate,  and  is  slightly 
fossiliferous.  The  reddish  color  is  due  to  a  large  amount  of  iron  oxide.  The  color  of  these 
sands  is  very  similar  to  that  of  the  Lafayette,  which  is  described  on  page  12. 

The  Clayton  outcrop  forms  a  narrow  strip  of  territory  from  2  to  6  miles  wide,  lying  just 
west  of  the  Ripley  area.  The  line  of  the  Mobile,  Jackson  and  Kansas  City  Railroad  follows 
the  outcrop  approximately  from  Middleton,  Tenn.,  to  Houston,  Miss.  From  here  the  out- 
crop turns  in  a  southeasterly  direction  west  of  Starkville  and  Macon  and  passes  into  Alabama 
southeast  of  Scooba. 

No  doubt  the  sands  of  the  upper  division  are  water  bearing,  but  so  far  no  wells  to  the  west 
have  penetrated  the  Clayton. 

Porters  Creek  clay. — in  Tennessee  the  name  Porters  Creek  has  been  given  to  the  clays 
immediately  overlying  the  Clayton  limestone.  The  calcareous  sandy  marl  of  the  upper 
Clayton  is  overlain  by  75  to  100  feet  of  gray  nonfossililcious  clay,  which  forms  the  well- 
known  "Flatwoods"  area,  extending  from  Tennessee  into  Alabama.  This  formation  pro- 
duces very  stiff  clay  soils  which  are  little  used  in  the  State  for  agricultural  purposes.  Roads 
through  the  "Flatwoods"  often  l)ecorne  impas.sablc  during  the  rainy  season. 

The  Porters  Creek  outcrop  occupies  a  narrow  strip  of  country  extending  from  Middleton, 
Tenn.,  into  the  State  of  Alabama,  and  has  a  width  of  2  to  12  miles.  In  the  north  it  is 
hemmed  in  between  the  Ripley  hills  on  the  east  and  the  Wilcox  plateau  on  the  west.    South 
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of  Maben  the  range  of  hills  on  the  east  border  of  the  Wilcox  formation  rises  100  feet  or  more 
alx>ve  the  Porters  Creek,  and  is  more  distinct  than  the  line  l)etween  the  Porters  Creek  and 
the  Clayton  limestone.  The  western  l)order  is  easily  traceable  from  4  miles  east  of  Maben 
due  south  through  Oktibbeha  County;  here  the  line  turns  in  a  more  southeasterly  direction, 
running  through  Shuqualak  and  Scooba  into  Alabama. 

The  Porters  Creek  clay  marks  an  important  horizon  between  the  waters  of  the  Ripley  and 
WJcox  horizons.  The  rainfall  entering  the  outcropping  sands  of  the  Ripley  follows  these 
beds,  which  dip  gently  to  the  west.  The  overlying  Porters  Creek  clay  prevent*  the  water 
from  rising,  and  it  is  thus  confined  and  given  pressure  as  the  reservoir  IxHromes  full. 

WIIX^OX    FORMATION. 

The  important  division  of  the  Tertiary  known  as  the  Wilcox  formation  occupies  a  large 
area  of  northern  Mississippi.  It  was  originally  named  the  Lignitic  by  Hilgard,  and  SafFord, 
State  geologist  of  Tenne^ee,  termed  it  the  La  Grange  group. 

The  term  ''Lignitic  "  as  used  by  Ililgard  has  been  objectionable  because  it  is  not  a  locality 
name.  As  used  by  SaiTord  the  term  "  La  Grange  "  included  the  present  Lafayette  and  por- 
tions of  the  Cretaceous,  so  it  has  likewise  been  discarded.  The  present  name,  Wilcox,  was 
first  given  in  some  unpublished  work  by  Eugene  A.  Smith,  State  geologist  of  Alabama,  for  the 
reason  that  typical  strata  of  the  former  Lignitic  of  Ililgard  are  exposed  at  Wilcox,  Ala.  The 
name  has  been  adopted  by  the  United  States  Geological  Survey  as  the  formation  name  to 
include  the  complex  mass  of  sands,  clays,  lignites,  marls,  etc.,  between  the  Porters  Creek 
clays  Ix^low  and  the  Tallahatta  buhrstone  above. 

Chi'ing  to  its  more  or  less  sandy  character  throughout,  the  Wilcox  forms  the  most  impor- 
tant wsiter  horisK>n  of  northern  Mississippi.  *  The  coarse-grained,  unconsolidated  sand  beds 
are  often  interbedded  with  seams  of  lignite  and  white  and  chocolate-colored  clays.  The 
cla>'s  of  the  upper  division,  as  at  Grenada,  are  very  dark  and  may  properly  be  called  shale. 
In  the  eastern  half  of  the  area  loosely  bedded  sands  predominate.  The  western  portion, 
which  is  a  series  of  irregularly  cross-bedded  sands  and  sandy  clays,  is  separated  from  the 
eastern  by  a  more  or  less  regular  line  of  white  and  chocolate-colored  clays,  which  are  used  for 
making  stoneware. 

The  thickness  of  the  group  is  estimated  from  the  width  of  the  outcrop  to  be  750  to  800  feet. 
The  deep  well  at  Memphis  is  reported  to  have  passed  through  the  Wilcox  at  a  depth  of  963 
feet. 

In  Alabama,  Smith  has  divided  the  "  Lignitic, ' '  the  equivalent  of  the  Wilcox,  into  six  mem- 
bers. Each  contains  one  or  more  marl  beds  from  which  distinguishing  fossils  are  obtained. 
He  includes  in  the  "Lignitic"  the  Porters  Creek  clays,  which  in  Mississippi  are  mapped  with 
the  Midway. 

The  Wilcox  covers  the  largest  territory  of  any  formation  in  northern  Mississippi.  It  occu- 
pies the  entire  area  lying  between  the  Porters  Creek  outcrop  and  the  bluffs  on  the  eastern 
rim  of  the  Yazoo  Delta  as  far  south  as  Grenada.  The  west  edge  south  of  Grenada  is  a  line 
extending  southeast  6  miles  east  of  Winona,  west  of  Philadelphia,  and  southwest  of  Meridian. 

The  entire  Wilcox  group  is  very  important  as  a  water-bearing  formation.  The  numerous 
beds  of  sand  interbedded  with  clays  form  various  water  horizons  throughout  the  formation. 
The  shallow  artesian  wells  at  Batesville  and  Coffeeville,  begun  below  the  yellow  loam  and 
Lafayette,  show  that  there  are  beds  of  clay  in  the  upper  division  of  the  Wilcox  sufficiently 
persistent  and  compact  to  confine  the  water  below  the  clay  and  to  form  artesian  basins  in  the 
upper  Wilcox. 

CLAIBORNE   GROUP. 

Tbe  Claiborne  is  divisible  on  lithologic  grounds  into  two  distinct  formations.  The  lower 
of  these  is  the  Tallahatta  buhrstone,  or  *'  siliceous  Claiborne ;  '*  the  upper  includes  the  Lisbon 
beds,  or  "  calcareous  Claiborne." 

TaUahaUahvhrstone. — This  formation,  called  "siliceous  Clail)omo"  by  Hilgard,  consists 
chiefly  of  glauconitic  coarsegrained  micaceous  sandstone,  siliceous  and  aluminous  clay 
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stones,  and  a  white  siliceous  sandstone  that  is  almost  quartzite.  The  estimated  thickness  is 
350  feet. 

The  formation  outcrops  in  a  belt  of  territory  between  the  Wilcox  and  Lisbon  beds,  and 
varies  in  width  from  10  miles  in  northeastern  Clarke  County  to  30  miles  in  Leake  and  Win- 
ston counties.  The  eastern  line  of  outcrop  is  traceable  from  the  Alabama  line  4  miles  south 
of  Hurricane  Creek  post-oflSce  to  Eastville;  thence  it  swings  southwest  nearly  to  Sterling, 
south  of  Meridian;  thence  it  bends  northwest  past  Battlefield,  Philadelphia,  Plattsburg, 
Hinze,  and  French  Camp,  6  miles  east  of  Winona,  and  west  of  Grenada.  No  trace  of  the 
Tallahatta  has  been  found  north  of  Yalobusha  River. 

For  the  eastern  part  of  the  delta  and  the  central  portion  of  the  State  lying  south  of  the 
Tallahatta  outcrop,  this  formation  forms  a  very  ipiportant  water  horizon.  The  extensive 
area  underlain  by  the  formation  and  the  porous  texture  of  its  materials  make  it  well  suited 
for  absorbing  a  lai^  amount  of  rainfall.  The  water-tight  clays  at  the  base  of  the  overiying 
formation  confine  the  water  in  the  Tallahatta  buhrstone. 

PL'  II,  B,  shows  a  hard  cap  rock  of  sandstone  at  the  top  of  the  section,  with  loose  siliceous 
sand  immediately  underlying  it.  Over  extensive  areas  in  the  Yazoo  bottom  flowing  wells 
are  obtained  when  the  drill  passes  through  the  hard  layer  of  sandstone  and  enters  the  sands 
below.  The  ledge  of  sandstone,  which  varies  in  thickness  from  12  to  30  inches,  is  very  hard, 
in  places  almost  a  quartzite,  and  often  requires  several  days'  drilling  to  pass  through  it. 

Lisbon  formation. — Above  the  Tallahatta  is  a  series  of  beds  which  Hilgard  called  "  calca- 
reous Claiborne"  and  which  will  be  termed  the  Lisbon  formation.  The  series  is  about  150 
feet  thick,  and  is  composed  of  calcareous  sands  and  laminated  and  lignitic  clays.  Tlie 
character  of  the  surface  is  little  affected  by  the  Lisbon,  which  is  almost  everywhere  over- 
■lain  by  the  Lafayette. 

In  iVlabama  the  area  underlain  by  this  formation  is  very  limited  in  extent,  but  in  Missis- 
sippi it  widens  out  and  occupies  the  territory  from  southeastern  Clarke  to  southern  Carroll 
County,  varying  from  5  to  25  miles  in  width. 

The  thick  mantle  of  Lafayette  covering  the  Lisbon  area  furnishes  plenty  of  good  water, 
and  the  water-bearing  horizons  of  the  Lisbon  have  therefore  not  been  developed. 

JACKSON    fX)RMATION. 

In  Alabama  the  Jackson  and  the  succeeding  formation,  the  Vicksbuiig,  have  been  ciasBed 
together  under  the  name  of  St.  Stevens.  In  Mississippi,  however,  they  can  usually  be 
separated  very  readily  and  will  be  treated  as  two  distinct  fonnations. 

The  essential  materials  of  the  Jackson  group  are  gray  calcareous  and  lignitic  clays  and 
sands.  The  outcrop  occupies  a  belt  of  country  10  to  30  miles  wide,  extending  southeast 
and  northwest  across  the  State  from  Yazoo  to  the  Alabama  line  north  of  Waynesboro. 
The  area  is  known  as  the  "central  prairie." 

There  are  no  continuous  water  horizons  in  the  lower  or  middle  Jackson.  It  is  usually 
barren  of  water,  and  when  found  the  water  is  ver>'  impotable.  Wells  in  this  region  obtain 
their  water  cither  from  the  base  of  the  Lafayette  or  from  the  upper  member  of  the  Tallahatta 
buhrstone.     Flowing  wells  are  obtained  along  the  lower  streams. 

The  Jackson  has  usually  been  described  as  "marls"  and  clays,  but  recent  investigations 
along  the  line  of  contact  with  the  Vicksburg  have  shown  that  there  are  between  50  and  75 
feet  of  yellow,  gray,  or  white  siliceous  sand  at  the  top  of  the  Jackson.  Whether  from  a 
palcontologic  standpoint  this  should  be  considered  Jackson  or  Vicksburg  we  are  unable  to 
say,  since  no  fossils  have  been  found  in  the  sands.  They  are  regularly  stratified,  showing 
that  they  were  deposited  in  a  quiet  sea  with  little  or  no  current.  In  places  near  the  surface 
the  sands  are  slightly  cemented  with  iron  oxide,  causing  some  layers  to  resist  erosion  more 
than  others. 

PL  III,  Aj  represents  the  highly  stratified  character  of  the  siliceous  white  to  gray  sands 
of  the  uppermost  member  of  the  Jackson  formation.  These  sands,  which  are  very  porous, 
are  exposed  through  erosion  over  large  areas  in  Mississippi  and  absorb  large  amounts  of 
water,  the  water  table  in  such  cases  very  nearly  reaching  the  surface  (PL  III,  B). 
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This  is  the  only  horizon  of  the  Jackson  which  may  !)ecome  of  any  importanco  as  a  water- 
bearer.  South  of  its  outcrop  there  are  no  deep  wells  whicli  are  known  to  derive  their 
waters  from  this  horizon,  so  that  its  importance  in  this  respect  is  not  known. 

VICKSBURG    LIMESTONE. 

This  formation,  first  studied  by  Conrad  at  Vicksburg,  occupies  a  very  limited  area  south 
of  the  Jackson.  It  consists  of  crystalline  limestone  in  bods  varj-ing  from  1  inch  to  3  feet 
in  thickness,  alternating  with  sandy  calcareous  strata  of  marl  of  about  the  same  thickness. 
There  is  a  marked  difference  in  the  appearance  of  the  different  bods  of  limestone.  Those 
near  the  surface  are  soft  and  yellow,  while  the  more  compact  beds  unaffected  by  surface 
weathering  are  blue.  The  rapidity  with  which  the  limestone  breaks  down  under  the  action 
of  weathering  agents  makes  it  unsuited  for  building  stone  or  road  material.  The  Vicksburg 
is  of  no  importance  as  a  water-bearing  formation. 

PASCAGOUI-A    FORMATION. 

£.  A.  Smith  has  distinguished  along  Pascagoula  River  in  Mississippi  a  series  of  calcareous 
sands  bearing  a  Miocene  fauna  overlying  the  Vicksburg  limestone  and  underlying  the 
great  mass  of  ligniti<'  snnds  and  clays  of  the  Grand  Gulf,  lie  has  given  it  the  name  Pasca- 
goula formation.  No  other  outcrops  have  as  yet  l)een  found  in  the  State,  but  deep-well 
l)orings  along  the  Gulf  coast  have  brought  up  calcareous  sands  containing  fossils  which 
L.  C.  Johnson  refers  to  the  Pascagoula.  It  was  at  first  thought  that  the  Pascagoula  was 
younger  than  the  Grand  Gulf,  or  doubtli^ss  a  fossiliferous  horizon  in  it,  but  more  recent 
investigation  has  shown  that  the  Pascagoula  clearly  underlies  the  Grand  Gulf. 

At  the  type  locality  of  the  Pascagoula  formation,  as  well  as  at  Mobile  and  points  along 
the  Gulf  in  Mississippi,  the  Pascagoula  l>eds  are  overlain  by  (irand  Gulf  beds;  but  further 
field  work  will  be  required  before  the  relation  of  the  two  series  (Grand  Gulf  and  Pascagoula) 
in  other  areas  can  be  stated  with  certainty.  Such  later  work  may  require  a  redefinition 
of  the  term  Grand  Gulf.  Owing  to  the  limited  area  of  outcrop  the  formation  is  not  shown 
oil  the  map.  The  Pascagoula  furnishes  an  important  source  of  fine  artesian  water  along 
the  coast. 

GRAND  GULF    FORMATION. 

The  Grand  Gulf  formation  is  used  in  the  sense  in  which  it  was  originally  defined  by 
llilgard.  It  is,  therefore,  not  a  homogeneous  series  of  bt^ds,  but  may  include  formations 
of  different  age.  It  is  certaui,  however,  that  everything  liere  included  in  the  Grand  Gulf 
is  newer  than  the  Vicksburg  limestone  and  older  than  the  Lafayette  or  "orange  sand" 
formation. 

The  Grand  Gulf  is  made  up  almost  entirely  of  sandstones  and  clays.  The  sandstones 
are  usually  but  slightly  cemented  and  are  made  up  of  sharp  grains  of  silica,  with  more  or 
less  alumina  and  iron  pyrites.  The  color  varies  from  a  pin-c  white  to  a  rusty  yellow,  the 
latter  resulting  from  the  oxidation  of  the  sulphide  of  iron.  Tlu^e  sandstones  are  especially 
common  in  the  northwestern  part  of  the  area  underlain  by  the  Grand  Gulf — that  is,  northwest 
of  a  line  drawn  from  Fort  Adams  to  Raleigh.  Southeast  of  this  line  sandstones  are  very 
rare.  Elsewhere  the  formation  consists  of  bluish  to  black  clays,  shales,  and  unconsolidated 
sands.  The  thickness  of  the  Grand  Gulf,  as  ascertained  from  deep- well  borings,  is  750  to 
800  feet. 

The  Grand  Gulf  underlies  most  of  that  part  of  Mississippi  south  of  a  line  drawn  as  follows: 
Starting  at  the  river  a  few  miles  south  of  Vicksburg  it  runs  parallel  to  and  a  mile  or  so 
south  of  the  Alabama  and  Vicksburg  Railroad,  and  pa.sses  a  short  distance  north  of  Ray- 
mond. Here  the  boundary  line  bends  rather  abruptly  southeast,  crossing  the  Illinois 
Central  Railroad  between  Terry  and  Byram.  It  then  turns  northeast  pa.ssiiig  through 
Monterey  to  Brandon,  at  which  point  it  finally  assumes  a  southea^sterly  direction  through 
Daniel,  Raleigh,  Vosberg,  and  Waynesboro  into  Alabama.  All  the  State  south  of  this  line  is 
occupied  by  the  Grand  Gulf  group  (except  the  narrow  belt  of  Port  Hudson  clays  which 

iKR  159—06 2 


12  UKDERGROUND-WATER    RESOURCES    OB^    MISSISSIPPI. 

border  the  Gulf  coast  in  Hancock,  Harrison,  and  Jackson  counties  and  are  described 
on  page  13.) 

The  area  along  the  Mississippi  from  Fort  Adams  nearly  to  Vicksburg,  and  in  Lincoln, 
Ck>piah,  Hinds,  Simpson,  and  Rankin  counties,  contains  the  only  outcrops  of  the  sandstones. 
In  these  localities  it  alternates  with  the  bluish-tinted  clays.  At  Raymond  and  Star  the 
sandstones  attain  a  thickness  of  15  feet  and  appear  near  the  summit  of  the  hills,  with 
thinner  strata  below  alternating  with  semiplastic  clays. 

The  sandstones  are  wanting  south  and  east  of  the  lino  mentioned  above,  and  the  forma- 
tion is  essentially  indurated,  laminated  sands  and  clays  of  various  characters,  from  the 
whit'C  plastic  clays  to  those  containing  lignitized  tree  trunks.  Beds  of  lignite  are  also  of 
frequent  occurrence. 

Many  of  the  fine  artesian  wells  along  the  Gulf  derive  their  waters  from  the  Grand  Gulf 
formation.  In  the  region  of  Hattiesburg  and  Columbia  flowing  wells  are  obtained  from 
its  lower  division. 

LAFAYETTE   FORMATION. 

Resting  unconformably  upon  all  the  underlying  formations  from  the  Grand  Gulf  to  the 
Carboniferous  is  a  thin  veneering  of  the  Lafayette  formation.  This  is  a  fresh-wat^r  deposit, 
composed  chiefly  of  dark-red  to  light-red,  coarae,  round-grained  sand,  which  in  places 
contains  more  or  less  clay  and  water-worn  pebbles.  It  varies  from  a  knife-edge  to  50  feet 
or  more  in  thickness.  The  latter  thickness  is  very  rare,  and  it  is  more  often  found  to  be 
less  than  10  feet. 

In  Tishomingo  and  Itawamba  counties  the  Lafayette  contains  large  deposits  of  wat<^r- 
worn  pebbles,  gravel,  flint,  chert,  and  some  quartz,  extending  in  a  north  and  south  belt 
5  to  10  miles  wide.  Another  belt  of  similar  material  occurs  along  the  eastern  edge  of  the 
loess  formation,  in  the  counties  of  De  Soto,  Tate,  Panola,  and  Yalobusha.  The  shape  of 
the  pebbles  is  somewhat  different  in  this  belt — those  of  the  above-mentioned  counties 
being  worn  into  an  oblong  egg  shape,  while  here  they  have  a  more  rounded  form:  they 
also  contain  more  quartz.  Still  another  belt,  which  is  practically  a  prolongation  of  the 
western  belt,  is  found  in  the  southern  part  of  the  State.  The  main  line  of  the  Illinois 
Central  Railroad  runs  along  the  outcrop  of  the  gravel  beds  from  Jackson  to  the  Louisiana 
border. 

The  Lafayette  was  deposited  upon  a  deeply  eroded  surface  of  the  older  formations, 
which  accounts  in  part  for  the  irregularity  in  its  thickness.  Since  the  deposition  of  the 
Lafayette  there  has  been  a  large  amount  of  erosion,  and  in  many  places  the  whole  forma- 
tion has  been  removed.  In  the  arenas  of  the  Selma  chalk  and  the  Porters  Creek  formation 
the  Lafayette  is  practically  absent.  East  of  the  Selma  chalk  area  there  is  more  or  less  of 
the  Lafayette  covering  the  Eutaw,  Tuscaloosa,  and  Carboniferous.  In  northern  Missis- 
sippi, particularly  in  Marshall  and  Lafayette  counties,  where  the  formation  was  first 
descril>ed  and  named,  the  Lafayette,  when  present  at  all,  is  only  a  few  feet  thick,  but  in 
many  places  it  is  wanting.  It  thickens  to  the  south,  reaching  its  maximum  in  southeni  Mis- 
sissippi, where  it  is  said  to  be  200  feet  thick.  No  siK'h  thickness,  however,  was  observed  in 
the  course  of  the  present  work. 

In  various  localities  in  the  State  the  iron  in  the  Lafayette  has  cemented  the  Indian  red 
sands  and  formed  a  ferruginous  sandstone,  which  is  often  mistaken  for  pure  limonite  or 
brown  hematite.  These  deposit^s  are  uniformly  of  very  shallow  depth,  but  may  extend 
over  considerable  areas.  The  ferruginous  sandstone  is  always  formed  immediately  above 
a  bed  of  clay  or  some  material  which  checks  the  downward  flow  of  water.  The  water 
passing  through  the  Lafayette  becomes  saturated  with  iron  oxide,  and,  on  being  checked 
at  the  base  by  the  underlying  clay,  deposits  the  iron,  which  cements  the  sands  into  a 
compact  mass.  This  mass  is  constantly  increased  by  the  addition  of  more  iron  from  the 
iron-charged  waters.  Gradually  the  overlying  material  is  worn  away  until  the  ferruginous 
sandstene  is  reached,  which  resists  the  action  of  erosion  and  often  forms  a  scarp  along  th^ 
tops  and  side^  of  hills. 
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Where  the  Lafayette  is  thick  enou^  it  forms  the  source  of  a  very  desirahle  and  easily 
acceasible  supply  of  potable  water.  The  great  amount  of  sand  in  the  formation  forms  a 
natural  filter.  Many  of  the  springs  of  the  State  issue  from  the  base  of  the  Lafayette, 
where  it  rests  on  a  bed  of  watei^tight  clay,  a  lignite  seam,  or  limestone. 

aUATERKAKY. 

PORT   HUDSON    FORMATION. 

The  formation  immediately  above  the  Lafayette  has  been  called  the  Port  Hudson,  from 
the  typical  exposure  at  Port  Hudson,  Miss.  It^is  composed  of  clays,  silts,  and  unconsol- 
idated sands  containing  old  cypress  stumps  representing  different  general  ions  superimposed 
one  upon  another.  The  thickness  of  the  formation,  as  determined  from  criteria  obtained 
along  the  Gulf,  is  100  to  125  feet. 

The  Port  Hudson  area  occupies  a  narrow  belt  along  the  Mississippi  south  of  Vicksburg, 
the  low-lying  belt  of  country  between  Yazoo  and  Mississippi  rivers  erroneously  called  the 
"  delta, "  and  a  small  area  bordering  on  the  Gulf  of  Mexico.  There  is  a  possibility  that  the 
so-called  Port  Hudson  of  the  Yazoo  Delta  belongs  to  a  much  younger  age  than  the  Port 
Hudson  farther  south,  but  for  the  present  it  is  all  mapped  as  one  fonnation.  The  vast 
body  of  land  called  the  ''delta''  is  but  a  few  feet  above  the  common  high-water  mark  of 
Mississippi  River,  and  was  overflowed  in  times  of  very  high  water  until  as  late  as  1884. 
The  investigations  of  Hilgard  have  shown  that  the  formation  was  deposited  in  a  fresh- 
water embayment  during  the  slow  depression  of  the  continent  at  the  close  of  Glacial  time, 
and  that  it  was  not  due  to  the  successive  overflows  of  the  old  Mississippi  River. 

As  far  east  as  Union  County,  along  Tallahatchie  River,  old  inhabitants  say  the  bottom 
land  has  been  elevated  in  their  lifetime  from  2  to  4  feet  by  successive  overflows  of  the 
river,  a  fact  easily  proved  by  noting  the  difl'erence  in  elevation  of  the  surface  on  the  outside 
and  inside  of  hollow  cypress  stumps.  The  gradual  elevation  of  the  bed  of  the  Mississippi 
in  recent  years  and  the  vast  alluvial  deposits  show  that  the  Port  Hudson  formation  may 
possibly  be  of  river  origin. 

Water  in  large  quantities  may  be  obtained  very  near  the  surface  over  the  entire  area  of 
the  Yazoo  Delta  by  simply  driving  down  a  pipe  with  a  strainer  attached  at  the  lower  end. 
The  large  amount  of  vegetable  matter  in  the  Port  Hudson  sediments  causes  a  very  unwhole- 
some drinking  water. 

FOS8IL1FEROU3   LOESS. 

East  of  the  Mississippi,  south  of  Vicksburg,  for  a  width  of  12  to  15  miles,  and  bordering 
the  eastern  limit  of  the  Port  Hudson  north  of  this  place,  is  the  loess  or  "  Bluff''  formation. 
This  is  made  up  of  a  homogeneous,  silty,  calcareous  loam  containing  a  great  number  of  land 
shells. 

YELLOW    LOAM. 

Immediately  overlying  the  loess  and  extending  from  25  to  35  miles  farther  east  than  the 
t^-pical loess  is  the  formation  which  Hilgard  has  called  the  "yellow  loam."  This  is  an 
unstratifled  mass  of  sandy  clay  or  loam,  entirely  void  of  fossils,  and  of  a  uniform  pale- 
yellow  to  light-brown  color.  East  of  the  calcareous- loess  area  it  forms  a  thin  covering 
over  the  Lafayette,  when  that  is  present,  and  tias  a  maxinuim  thickness  m  northwestern 
Mississippi  of  25  feet.  It  is  also  present  in  the  central  and  southern  parts  of  the  State, 
but  is  much  thinner  here  than  farther  north. 

RECENT  ALLUVIUM. 

The  most  recent  strata  of  the  State,  occurring  along  the  larger  streams,  particularly 
along  the  Mississippi,  have  been  mapped  with  the  Port  Hudson  formation. 
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UNDERGROUND-WATER  RESOURCES. 

SOURCE  OF  UNDERGROUND  WATERS. 

In  a  series  of  sands  and  clays,  sue  h  tu\  those  of  (he  Coaslal  Plain  deposits  of  Mississippi, 

the  deposi.ion  of  whii  h  'ook  plaic  Kcnea  h  the  ral.  wacre  of  the  ocean,  the  ground  waiens 

are  derived  from  two  diverse  soun  ec.     The  saL  waters  encoun  ered  in  certain  of  the  deeper 

wells  represent,  i:i  all  probabili  y,  o<eaii  wa  ers  whi.  h  have  been  retained  in  the  deposi.s 

since  the  accumulation  of  the  lat'er  beneah  the  sea,  while  the  fresh  waters  encountered  in 

all  of  the  shallow  and  in  a  large  proportion  of  the  deep  wells  have  been  derived  from  the 

rainfall. 

RAINFALL. 

>.!ississippi  har.  an  average  rainfall,  according  to  the  Weather  Bureau,  of  about  51  inches, 
the  pie-  ipi  ation  \a:";ing  from  49  inches  at  the  northern  edge  of  the  S  a  e  to  54  inche>  near 
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the  coast.  The  greatest  annual  precipitation  recorded  in  the  Slate  was  101.47  inches  at 
Bay  S..  Louis  in  19(X),  and  the  least,  22.49  inches,  at  Kosciusko  in  1889.  October  and 
November  are  usually  the  diycst  mouths  of  the  year. 
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Not  only  does  the  rainfall  vary  in  total  amount  from  year  to  year,  but  the  amount  in  a 
given  district  varies  greatly.  This  fluctuation  Ls  so  large  that  a  rainfall  map  for  a  given 
year  has  little  value.  Unfortunately  no  map  showing  average  precipitation  in  detail  is 
available,  but  the  general  average  rainfall  for  the  State  and  lis  relation  to  adjacent  areas 
is  shown  in  fig.  1. 

DISPOSAL  OF  RAINFALL. 

The  precipitation  is  taken  up  mainly  in  three  ways — (1)  by  evaporation  direcily  from 
the  surface  before  the  rain  is  absorbed,  (2)  by  direct  run-off  of  the  water  into  the  streams 
without  its  being  first  absorbed  by  the  soil,  and  (3)  by  absorption  into  the  ground. 

A  veiy  large  proportion,  probably  40  to  50  per  cent,  of  the  waler  absorbed  by  the  ground 
in  Mississippi  is  returned  again  to  the  atmosphere  by  evaporation,  either  directly  from  the 
surface  or  through  the  vegetation  with  which  the  surface  is  covered.  Of  the  remaining 
ground  water  it  is  estimated  that  1  per  cent  or  less  is  permanently  taken  up  in  chemical 
combination  by  the  rocks.  The  rest  joins  the  underground  water  body  occupying  the  pores 
and  crevices  within  the  rocks  and  other  materials.  Where  the  conditions  have  been  such 
that  water  could  penetrate  the  rocks  these  have  long  since  been  filled  to  saturation  up  to 
drainage  level,  so  that  practically  all  the  excess  of  ground  water  not  removed  by  evapora^ 
tion  finds  its  way  to  the  valleys  and  other  low  spots,  where  it  forms  springs  or  joins  the 
streams  by  general  seepage.  The  amount  thus  returned  to  the  streams  Ls  a  large  propor- 
tion of  the  total  run-off,  the  immediate  run-ofT,  or  that  portion  of  the  flow  which  has  never 
be<»n  absorlx^d  by  the  soil,  Ix^ing  estimated  at  from  5  per  cent  of  the  rainfall  in  the  case  of 
(vnain  sandy  districts  to  33  per  cent  in  an  area  where  the  rocks  are  of  several  diverse  types. 
It  is  thought  that  in  the  entire  State  probably  not  more  than  15  per  cent  Is  removed  by 
the  direct  run-off. 

Detailed  ob6er\'ations  of  the  relation  of  rainfall  to  run-off  have  been  made  in  the  Tom- 
bigbee  and  Yazoo  River  basins.  In  the  former  basin,  north  of  Columbus,  there  was  in  1903 
a  rainfall  of  42.69  inches,  while  the  nm-off  was  19.88  inches,  of  whic  h  85  per  cent,  or  16.87 
inches,  is  eistimated  to  have  passed  through  the  soil  before  joining  the  streams.  In  a  way 
this  may  be  taken  as  representing  the  surplus  ground  water  for  the  year  of  the  computation. 
Reduced  to  gallons,  this  surplus  amounts  to  about  458,000  gallons  per  acre.  In  the  Yazoo 
basin  the  run-off  was  17.41  out  of  42.68  inches,  the  surplus  computed  in  the  same  manner 
as  above  being  402,300  gallons  per  acre.  When  it  is  rememljered  that  a  well  flowing  100 
gallons  a  minule  ranks  as  a  large  well,  and  that  the  surplus  rainfall  of  ever}'  130  acres  would 
furnish  sucii  a  well,  the  vast  amount  of  available  ground  water,  yielding  approximately 
5  wells  to  each  square  mile,  or  about  234,000  to  the  State,  will  l)e  Ix^tter  undc^tood. 

DEPTH  OF  I*ENETKATION  OF  W^ATKH. 

Water  penetrates  downward  through  the  pores  of  the  rocks  and  through  cracks,  fissures, 
and  other  passages.  Theoretically  it  can  pass  downward  until  the  ro<*k  pressure  becomes 
so  great  that  there  are  no  openings,  a  condition  which  is  estimated  to  exist  at  a  depth  of 
alx>ut  6  miles.  As  a  matter  of  fact,  however,  active  circulation  of  ground  water  takes 
place  mainly  in  stratified  rocks,  and  then  only  within  a  relatively  short  distance  of  the  sur- 
face, usually  from  1,000  to  2,000  feet.  It  is  commonly  useless  to  expect  unmineralized 
waters  at  greater  depths. 
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CAPACITY  OF  MATERIALS  TO  HOLD  WATER. 

The  amount  of  water  which  can  be  held  by  different  materials  varies  greatly.  That 
absorbed  by  some  of  the  common  rocks  is  shown  in  the  following  statement:  <i 

Amount  of  water  absorbed  by  some  common  rocks. 

[In  quarts  per  cubic  foot.] 

Granite tJb-  \ 

Limestone  (dense) J-I} 

Dolomite  (Including  porous  limestones) 1-  5 

Chalk 4-  }< 

Sandstone 2-6 

Sand 8-10 

Clay 10-12 

Rocks  have  the  greatest  absorptive  power  when  the  grains  are  of  uniform  size.  Wherp 
there  is  a  mixture  of  fine  and  coarse  grains  much  less  water  is  taken  up.  Unfortunately 
the  amount  which  a  given  material  will  yield  does  not  depend  entirely  on  the  amount 
which  it  contains.  For  instance,  clay,  though  it  has  a  high  porosity,  holds  water  ¥nth 
great  tenacity  and  will  yield  but  little  to  a  well. 

RATE  OF  PERCOLATION. 

In  general  it  may  be  said  that  the  coarser  the  sand  and  the  smaller  the  amouilt  of  day 
the  more  rapid  the  rate  of  movement,  but  this  also  depends  largely  on  other  factors,  «uch  as 
pressure  and  temperature.  With  a  given  material  nearly  twice  as  much  water  will  percolate 
through  a  st-ated  area  at  a  pressure  of  20  pounds  per  square  inch  as  will  pass  through  it  at 
10  pounds.  Likew^ise  the  percolation  is  nearly  twice  as  rapid  with  the  water  at  100^  F.  as 
it  is  at  50°  F. 

GROUJTD- WATER  DIVISIONS. 

The  earth's  crust  may  be  divided  into  three  zones,  according  to  the  conditions  of  under- 
ground-water circulation:  (I)  The  unsaturated  zone,  extending  from  the  surface  of  the 
ground  down  to<he  upper  surface  of  the  ground-water  body, or  the  "water  table,"  as  it  is 
commonly  termed;  (2)  the  zone  of  shallow  or,  as  they  are  frequently  termed,  "surface 
waters,"  extending  from  the  level  of  the  water  table  down  to  the  first  impervious  stratum 
of  considerable  extent:  and  (3)  the  zone  of  deep-se4ited  waters,  or  those  lying  below  the 
first  impervious  stratum.  The  unsaturated  zone  may  contain  a  considerable  amount  of 
water,  but  it  is  not  stationary,  being  simply  in  transit  from  the  surface  downward  to  the 
water  table,  or  surface  of  the  zone  of  shallow  waters.  The  zone  of  shallow  waters  as  here 
defined  is  a  unit,  but  the  zone  of  deep-seated  waters  is  not  a  unit,  as  there  are  in  most  cases 
several  subdivisions,  depending  on  the  presence  of  impervious  strata  within  the  zone. 

GROUND-TV ATER  TABLE. 

The  water  table  in  general  shows  a  somewhat  close  agreement  with  the  slope  of  the  surface 
of  the  land,  tending  to  flatness  under  plains  and  to  inequalities,  similar  to  those  of  the  sur- 
face, in  the  hilly  regions.  The  undulations  of  the  water  table,  however,  are  less  marked 
than  those  of  the  land  surface,  the  water  standing  considerably  below  the  top  of  the  ground 
at  the  crests  of  the  hills  while  it  is  practically  at  stream  level  in  the  valleys.  The  depth  of  the 
ground  water  below  the  surface  depends  on  the  rate  of  lateral  percolation  into  thestreanx? 
as  compared  with  the  rainfall.  In  the  eastern  United  States  the  permanent  ground-water 
level  is  seldom  at  a  great  depth  below  the  surface,  water  being  commonly  obtained  within 
30  to  40  feet  of  the  top  of  the  ground  in  lands  of  moderate  elevation,  while  in  valleys  sup- 
plies are  often  obtained  at  depths  of  15  feet  or  less.  In  the  arid  regions,  on  the  other  hand, 
the  ground-water  level  may  be  many  hundred  feet  below  the  surface. 

a  Data  furnished  by  M.  L.  Fuller. 
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A.     GASOLINE  PUMP  AND   METHOD  OF  ATTACHMENT. 


li.     APPARATUS   FOR   PUMPING   BY   HORSEPOWER. 

Photograph  by  M.  L.  Fuller. 
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The  rplations  of  the  ground-water  table  to  the  surface  in  a  region  of  uneven  topography 
are  shown  in  fig.  2. 
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Fig.  2.— Ideal  soction  through  valley  and  hills,  showing  the  position  of  the  ground  water  and  the 
undulations  of  the  water  table  with  reference  to  the  surface  of  the  ground  and  to  bed  rock.  (After 
Slichter.) 

RECOVERY  OF  UT«irDERGROirND  "W^ATERS. 

Shallow  waters. — The  waters  of  the  shallow  zone  are  recovered  through  springs  or  seepages 
and  by  open  or  driven  wells.  The  manner  in  which  the  former  emei^  has  already  been  sug- 
gested in  the  paragraph  relating  to  the  ground-water  table,  the  water  coming  to  the  surface 
wherever  this  table  is  cut  by  a  valley  or  other  depression.  This  natural  process  of  recoveiy 
is  supplemented  by  open  wells,  which  are  simply  circular  excavations  dug  from  the  surface 
to  or  slightly  below  the  water  table.  To  the  u.«»  of  this  form  of  well  there  are  many  objec- 
tions, some  of  which  are  considered  on  pages  74  and  75,  (PI.  VI,  5,  p.  74)  A  better  form 
of  well  is  the  driven  type,  which  is  made  by  forcing  a  pipe  with  an  open  end,  or  with  a  pei^ 
forated  point,  downward  into  the  ground-water  body,  by  which  process  the  possibility  of 
contamination  by  the  entrance  of  surface  waters  is  prevented.  (PI.  VI,  A.)  In  both  types 
of  wells  the  water  must  be  raised  by  bucket,  pump,  or  other  mechanical  means.  Two 
methods  of  pumping  water  which  are  in  common  u.se  are  shown  in  PI.  IV.  The  use  of  gas- 
oline punops  promises  to  be  very  successful  in  localities  where  windmills  are  not  practicable. 

Detp-seated  waters. — The  deep-seated  waters  generally  occur  in  gently  dipping  porous 
beds  between  more  impervious  strata.  In  general  the  water  escapes  at  the  surface  only 
where  there  is  a  break  in  the  impervious  covering,  allowing  it  to  come  up  along  fissures  or 
other  crevices.  Springs  and  w^ells  depending  on  deep-seated  waters  are  more  independent 
of  rainfall,  show  relatively  slighter  changes  of  temperature,  are  more  free  from  contamina- 
tion, and  are  more  stable  in  flow  than  those  from  the  more  shallow  sources.  The  deep- 
seated  waters  are  artificially  brought  to  the  surface  by  means  of  deep  wells.  In  such  wells 
the  water  is  generally  under  pressure  and  rises  far  above  the  point  at  which  it  is  encountered, 
in  some  cases  reaching  to  or  even  considerably  above  the  level  of  the  ground  at  the  well, 
though  in  others  it  may  fail  to  reach  the  surface,  and  pumping  must  be  resorted  to.  In 
the  present  paper  the  term  "artesian"  is  used  to  designate  all  wells  in  which  the  water  is 
under  material  hydrostatic  pressure  and  will  rise  in  the  well  when  the  impervious  capping 
is  penetrated. 

ARTESIAN  REQUISITES. 

The  chief  artesian  requisites  are  an  inclined  pervious  bed  lying  between  two  impervious 
l>eds  and  having  its  outcrop  at  a  height  greater  than  the  surface  at  the  well,  an  outcrop 
favorable  to  absorption,  a  rainfall  sufficient  to  furnish  the  necessary  supply,  and  the  absence 
of  extensive  leakage.  Until  recently  these  conditions  have,  in  fact,  been  regarded  by  every 
one  as  essential,  but  it  has  lately  been  shown  that  flows  can  be  obtained  even  in  uniform 
sand.  The  arrangement  of  the  grains  in  horizontal  lamina^,  due  to  stratification,  so  opposes 
the  passage  of  the  water  that  it  can  rise  through  the  well  with  much  greater  ease  than 
through  the  sand  itself.  In  fact,  it  seems  likely  that  a  diflerence  in  the  level  of  the  water 
table  in  closely  adjacent  regions  sufficient  to  furnish  a  working  head  is  the  only  essential 
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requisite  of  an  artesian  flow.fl    Four  of  the  most  common  types  of  artesian  conditions  are 
illustrated  in  the  accompanying  diagrams  (figs.  3,  4,  5,  6). 


Fig.  3.— Section  showing  certain  conditions  governins  iirtcsian  wella.  A,  a  porous  stratum;  B,  C, 
impervious  beds  below  and  above  A,  acting  as  confining  strata:  F,  height  of  water  level  in  porous 
bed  A,  or,  In  other  words,  height  of  reservoir  or  fountain  head;  D,  E,  flowing  wells  springing 
from  the  porous  water-filled  bed  A.    (After  Chamberlln.) 

r    A B_ 


Fig.  4.— Section  illustrating  thinning  out  (.f  porous  water-Learing  bed  A,  inclosed  between  imper- 
vious beds  B,  C,  thus  furnishing  conditions  for  artesian  well  D.    (After  Chamberlin  ) 


Fig.  5.— Section  showing  transition  from  porous  to  impcnMous  hod.  .\,a  close- textured,  impervious 
bed,  inclosed  between  impervious  beds  B  and  (\  furnishing  conditions  foran  artesian  well  D.  (After 
Chamberlin.) 


Fig.  6.— Section  showing  conditions  Iavora))ie  to  flows  from  unconfined  sandy  strata.     (After  Fuller.) 

SPECIAL.  CONDITIONS  IN  COASTAL.  PLAIN   FORMATIONS. 

In  early  treatises  on  artesian  conditions  it  was  argued  that  flowing  wells  could  be  obtained 
only  in  low  regions  with  higher  land  on  either  side — that  is,  the  artesian  well  must  be 
located  in  a  synclinal  InLsin.  But  such  is  not  the  condition  in  the  Atlantic  and  the  southern 
portion  of  the  Gulf  Coastal  plains. 
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Fig.  7.— Section  showing  conditions  govcmmg  artesian  and  flowing  wells  in  the  Costal  Plain  forma- 
tions. A,  surface  sands— claj's and  sands;  ^,  impervious  strat:ira  of  clay,  C,  water-bearing  sand; 
D,  impervious  stratum  of  clay;  E.  Pro-Coastal  Plain  deposits  of  limcstofie  and  sandstone,  .V,  I)',  E', 
common  wells;  IV,  flowing  well;  C,  spring 

The  great  sorios  of  unronsolidatod  sediments  belonging  to  the  Gulf  Coastal  Plain  were 
deposited  upon  a  sea  floor  of  older  rocks  sloping  gently  seaward  from  their  present  outcrop 
along  the  foothills  of  the  southern  Appalachian  plateau.  The  Coastal  Plain  sediments 
are  thickest  at  the  Gulf  coast,  where  they  reach  a  thicknv.^s  of  more  than  2,0(K)  feet.  They 
become  thinner  and  thinner  to  the  north,  finally  disappearing  at  the  outcrop  of  the  older 
rocks. 


a  Fuller,  M.  L.,  Artesian  flows  from  unconfine<i  sandy  strata:  Engineering  News,  vol.  52,  pp.  329-3:w. 


ARTKSIAN    REQfTISITES. 


19 


TTio  sand  and  clay  scdiraonts  of  Mississippi  wore  deposited  in  comparatively  shallow 
water  near  the  old  shore.  In  these  deposits  the  fine  supply  of  artesian  and  dee|>-well 
waters  are  stored.  It  frequently  happens  in  this  State  that  the  sediments  which  are 
water-bearing  in  one  locality  change  in  chai*acter  in  a  very  short  distance  and  become 
impervious  to  water.  We  shall  pre-sent  only  five  conditions,  which  will  serve  to  illustrate 
the  character  of  the  sediments  and  the  possibilities  of  getting  water  in  the  State. 

In  fig.  7,  E  represents  the  older  rocks  on  which  the  Coastal  Plain  deposits  I),  C,  B,  A 
were  laid  down.  C  is  a  water-bearing  sand  incased  lietween  two  impervious  strata,  D  and  B, 
which  prevent  the  water  from  leaking  out  and  keep  it  under  hydrostatic  pressure.  The 
stratum  C  cuts  out  before  reaching  A',  on  the  extreme  right  side  of  the  figure;  here  there 
is  a  water-bearing  sand  at  the  surface,  but  it  will  not  furnish  artesian  water  l)ecause  of 
the  lack  of  an  upper  confining  stratum.  A',  B',  D',  and  E'  are  wells.  There  is  no  flow  at  A' 
because  the  art^^ian  bed  C  fails  to  reach  it.  W  enters  tlie  artesian  bed  C  and  the  water 
flows  above  the  surface.  C  is  a  spring.  The  well  at  I)'  is  a  strong  stream  of  go<Kl  water, 
but  does  not  flow  because  of  lack  of  depth.  The  well  at  E'  enters  the  artesian  sand  and 
the  water  rises  to  within  a  few  feet  of  the  surface,  but  does  not  flow  l)ecau.«<e  the  elevation 
of  the  mouth  of  the  well  is  al)ove  the  head  of  the  water. 


trxI>ERGUOl"ND-WATKU  IIORTZONS  OF  MISSISSIPPI. 

The  Gulf  embayment  includes  wi^stern  Florida  and  (leorgia,  .southern  Alabama,  all  of 
Mississippi,  western  Tennessee  and  Kentucky,  southern  Illinois,  soul  beast (»rn  Missouri, 
eastern  Arkansas,  Louisiana,  and  southeastern  Te.xus.     Within  this  vtist  basin  there  are 


FiQ.  8.— Cross  section  from  .Alabama  to  Mississippi  Riv.-r,  in  lat'tudo  of  Tupelo.  J,  Port  Hudson; 
I.  loess:  II,  Wilcox:  O,  Porters  Crook:  F, Clayton;  E.  Uiploy;  D,  Sol  ma:  C,  Entaw;  H,  Tuscaloosa; 
.\,  Paleozoic. 

several  distinct  art^^ian-water  horizons.  With  the  exception  of  a  small  area  of  north- 
western Alabama  the  gathering  ground  of  the  dilTerent  water-lH»aring  horizons  of  Missi.ssippi 
lies  entirf»ly  within  the  State. 


Horizontal  scale 


Fio.  9  —Cross  section  from  West  Point  to  OnH^nvillo.     .1,  rivor  alluvium:  T,  Port  TTudson;  TT,  loess; 
G,  Tatlahatta;  F,  W^ilcox:  E,  Midway;  D.  Selma:  C,  Eutaw;  H,  Tuscaloosa:  A,  Paleozoic 

In  the  cross  sections  of  the  State  (figs.  S,  9, 10,  and  11)  an  elTort  has  Inn^n  made  to  sliow 
the  relations  of  water-lx»aring  to  nonwater-l)earing  horizons.  These  have  In'en  prepared  from 
a  study  of  the  well  records  and  the  surface  outcrops  of  the  difTerent  geologic  formations. 
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There  are  seven  distinct  artesian-water  horizons  in  Mississippi.  Beginning  with  the 
lowest  member  of  the  Cretaceous  we  shall  treat  them  as  follows:  (1)  Tuscaloosa-Eiitaw, 
(2)  Ripley,  (3)  Wilcox,  (4)  Claiborne,  (5)  Pascagoula,  (6)  Grand  Gulf,  (7)  Lafayette. 

TXrSOALOOBA-EXrTAW  HORIZON. 

The  upper  division  of  the  Tuscaloosa  and  all  of  the  Eutaw  formation  constitute  one 
artesian-water  horizon.  Tlie  lower  division  of  the  Tuscaloosa  consists  of  heavy-bedded, 
compact  clays  of  various  colors.  These  clays  form  the  lower  confining  l)eds  of  the  Tusca- 
loosa-Eutaw  horizon.  The  "blue  rock"  of  the  lower  Sclma  forms  the  upper  confining 
beds.  Between  these  two  water-tight  beds  are  1,(XX)  to  1,200  feet  of  cross-bedded  sands 
and  gravel,  interl)edded  with  more  or  less  irregular  strata  of  sandy  clays  and  occasional 
beds  of  lignite. 


Horizontal  scvla 
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Fig.  10.— Section  from  Oattman  to  Fort  Adams.  L,  loess;  K,  Grand  Gulf  (sandstone  and  clay>: 
J,  Vlcksburg  (limestone);  I,  Jackson  (clnys  and  marls);  H,Clalbomo;  G,Tallahattii  (sandstone); 
F,  Wilcox  (sands  and  clays);  E.Midway  (limestono  and  clays);  D,  Selma  (limestone);  C,  Eutaw 
(sands  and  clays);  H,  Tuscaloosa  (sands  and  clays);  A,  Paleozoic  (limestone,  etc.). 

If  the  numerous  beds  of  clay  were  continuous  throughout  the  formations  they  would 
divide  the  group  into  separate  water  horizons,  and  no  doubt  some  of  the  beds  do  extend 
over  large  areas  and  locally  affect  the  height  of  the  water  horizons.  Where  these  forma- 
tions have  been  most  carefully  studied  at  the  surface  it  has  been  impossible  to  trace  any 
definite  horizon  of  sand  or  clay  for  a  great  distance.  Along  some  of  the  river  bluffs,  where 
good  exposures  are  obtained,  the  material  often  changes  within  a  hundred  feet  from  a 
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Fig.  U— North-south  cross  section  from-  Scranton  to  Tennessee  River.  L,  Quaternary  (silts); 
K,  Grand  Gulf;  J,  V^icksburg;  I,  Jackson:  H.Claiborne;  G.Tallahatta;  F,  Wilcox:  E,Sucamochec: 
D,  Selma:  C,  Eutaw;  B,  Tuscaloosa;  .\,  Paleozoic. 

laminated  clay  to  cross-bedded  sands.  Because  of  the  changeable  character  of  these 
formations  we  have  considered  the  Tuscaloosa  and  Eutaw  as  forming  one  artesian-water 
horizon. 

Catchment  area. — The  outcrop  of  the  sands  receiving  waters  of  the  Tuscaloosa-Eutaw 
horizon  covers  about  2,(XX)  square  miles,  including  practically  all  of  Tishomingo  and 
Itawamba  counties,  the  eastern  portions  of  Alcorn,  Prentiss,  Monroe,  and  Lowndes  counties, 
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Miss.,  and  Pickens,  Lamar,  and  portions  of  Marion  and  Franklin  counties,  Ala.  The 
region  where  the  water-bearing  sands  come  to  the  surface  is  largely  in  the  hilly  districts 
east  of  Tombigbee  River.  In  the  southern  portion  of  the  catchment  area  the  elevation  is 
sufficiently  high  to  forc«  the  water  to  the  surface  over  a  large  area  lying  to  the  west.  The 
catchment  area  from  southern  Tishomingo  County  to  Tennessee  is  but  little  al>ove  the  ter- 
ritory lying  west  and  the  result  is  that  it  is  impossible  to  get  strong  flowing  wells  north  of 
Baldwyn.  However,  plenty  of  good  water  is  obtained  near  the  surface  and  there  are  flowing 
weils  along  the  lower  streams  to  the  east. 

Upper  confimng  ttratum. — In  an  artesian  basin  it  is  necessary  to  have  at  least  a  confining 
stratum  of  relatively  impervious  material  above  the  water-bearing  sands.  If  there  is 
not  a  confining  bed  below  these  sands  the  water  will  fill  them  and  the  underlying  porous 
rock  until  a  point  is  reached  where  the  rocks  are  nonporous. 

The  overlying  Selma  chalk  contains  in  its  lower  part  a  large  amount  of  compact  clay, 
which  forms  an  impervious  layer  and  prevents  the  water  in  the  Tuscaloosa-Eutaw  from 
escaping  upward.  There  are  areas,  however,  in  the  western  region  of  the  Eutaw  where 
it  is  possible  to  get  artesian  wells.  In  these  areas  there  is  in  the  upper  part  of  the  Eutaw 
formation  a  bed  of  clay  which  is  sufficiently  thick  to  confine  the  water  below.  Farther 
west  the  water  is  under  greater  pressure  and  the  Eutaw  clay  bed  perhaps  loses  its  compact 
character,  so  that  the  water  rises  to  the  base  of  the  Selma  chalk  and  overflows  the  surface 
wherever  the  Selma  is  penetrated. 

Indinaiion  of  Uie  beds. — The  dio  of  the  strata  in  the  Tuscaloosa-Eutaw  horizon  varies 
from  a  westward  dip  of  about  15  feet  to  the  mile  in  the  north  to  a  south-southwest  dip  of 
35  to  40  feet  to  the  mile  in  the  south.  With  such  a  steep  dip  the  water-bearing  sands 
soon  pass  beneath  the  overlying  strata,  and  the  greater  the  distance  from  the  outcrop  the 
more  diflScult  and  expensive  it  becomes  to  reach  the  artesian  waters. 

Area  of  atxiilable  artesian  water. — ^The  westernmost  location  getting  its  water  from  the 
Tuscaloosa-Eutaw  horizon  is  Starkville.  The  deepest  well  here  is  1,000  feet,  and  the  water 
rises  to  within  154  feet  of  the  surface.  Starkville  is  near  the  west  outcrop  of  the  Selma 
formation,  in  which  it  is  ifhpossible  to  get  good  water;  but  fortunately,  it  can  be  obtained 
over  the  entire  area  by  drilling  through  the  Selma  into  the  Tuscaloosa-Eutaw.  It  must 
not  be  expected,  however,  that  flowing  wells  can  be  obtained  over  the  entire  area.  They 
are  limited  to  the  eastern  half  of  the  Selma  prairie,  extending  from  alx)ut  the  northern 
boundary  of  Lee  County  south  to  Noxubee  County. 

There  are  often  erroneous  ideas  among  well  drillers  and  those  una3quainted  with  the  laws 
governing  underground  waters.  One  of  the  commonest  is  that,  by  going  deep  enough, 
flowing  wells  can  be  obtained  anywhere.  The  Tuscaloosa-Eutaw  is  the  lowest  known 
water  horizon  in  Mississippi,  and  it  would  be  impossible  to  get  flowing  wells  from  this 
horizon  west  of  the  Selma  prairie  region.  There  are  no  doubt  places  west  of  the  prairie 
region  where  the  surface  is  lower  than  the  head  of  thi.s  water  horizon.  The  question  may 
be  askc^d,  "Why  can  not  flowing  wells  l)e  obtained  west  of  the  Selma  under  such  condi- 
tionsT'  But  allowance  must  Ixj  made  in  this,  as  in  all  other  horizons  in  the  State,  for 
the  friction  the  water  encounters  in  passing  through  the  porous  medium.  The  possibility 
of  getting  flowing  wells  decreases  as  the  distance  from  the  head  increases.  Another  obstacle 
is  the  great  depth  of  the  water  l)elow  the  surface.  If  the  surface  dip  of  30  feet  to  the 
mile  continues  to  the  west,  at  a  distance  of  lOOnfiles  from  the  head  of  the  water  it  would 
require  a  well  3,000  feet  deep  to  reach  the  water  horizon. 

RIPLEY  HORIZON. 

In  going  westward  from  the  Tuscaloosa-Eutaw  outcrop,  or  upward  in  the  geologic 
column,  the  next  artesian-water  horizon  encountered  is  a  small  area  receiving  its  water 
from  the  Ripley  formation.  The  entire  area  of  this  formation  occupies  approximately  fiOO 
»|uare  miles,  including  a  small  portion  of  Chickasaw,  Pontotoc,  Union,  Tippah,  and  Alcorn 
counties.  It  includes  a  long  triangular  belt  having  a  maximum  width  of  18  miles  in  Tippah 
County  and  forming  an  apex  near  Houston. 
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Catchment  area. — The  water  of  the  Ripley  occurs  in  the  lower  portion  of  the  formation, 
which  is  made  up  of  alternating  strata  of  limestone,  marl,  and  sand.  The  water-bearing 
strata  come  to  the  surface  in  the  hills  near  the  eastern  lx)rder  of  the  Ripley  outcrop— that 
is.  along  the  weiitern  slope  of  the  Pontotoc  divide.  The  country  slopes  westward  and  is 
drained  by  Tallahatchie  River  and  its  tributaries. 

Upper  confining  stratum. — The  alternating  beds  of  sandstone,  clay,  and  limestone  of  the 
Ripley  are  overlain  by  the  heavy-bedded,  compact  clay  of  the  Porters  Creek  formation. 
This  clay  is  impervious,  and  confines  tlie  water  in  the  Ripley. 

Dip  of  the  unter-hearing  stratum'.— }so  accurate  measurements  have  been  made  of  the  dip 
of  the  Ripley  sands.  There  is  but  one  line  of  wells  which  get  their  supply  of  water  from 
the  Ripley,  and  these  wells  are  alK)ut  parallel  to  the  strike  of  the  strata.  Farther  west  the 
Wilcox  has  been  found  to  have  a  westward  dip  of  about  16  feet  per  mile,  and  the  Selma 
chalk  to  the  east  has  a  westward  dip  of  10  to  15  feet  per  mile,  so  that  we  can  assume  thai 
the  inclination  of  the  Ripley  is  alwut  12  to  15  feet  per  mile. 

Area  of  available  arttman  ?/v2//?r.  - -Flowing  wells  have  l>een  obtained  from  the  Ripley 
horizon  only  along  upper  Tallahatchie  River  and  some  of  its  upper  tributaries.  A  large 
numl)er  of  wells  have  l)een  drilled  in  the  vicinity  of  New  All)any  and  Ecru.  When  the 
first  ones  were  drilled  at  New  Albany,  the  water  rose  20  to  .'10  feet  above  the  surface,  but 
the  increasing  numl)er  of  wells  soon  lowered  the  head,  and  they  now  have  to  l)e  pumped. 

The  writer  observed  for  si,\  hours  the  pumping  of.  a  new  well  at  Ecru.  The  depth  w«^ 
93  feet,  and  the  water,  when  the  well  was  completed,  barely  rose  to  the  surface,  as  it  d(M»s 
in  the  other  wells  in  the  town.  After  six  hours'  pumping  with  a  Cook  pump  drawing  12<) 
to  130  gallons  a  minute,  the  other  wells  in  town  were  lowered  3  feet.  This  indicates  that 
they  all  derive  their  water  from  the  same  source  and  that  the  supply  is  limited. 

Efforts  have  l)een  made  to  get  flowing  wells  at  Pontotoc  and  other  places  south  to  Hous- 
ton, als<i  at  places  north  of  New  Albany,  but  without  success.  The  reason  is  not  far  to 
seek.  The  elevations  of  Ecru  and  New  Albany  are  374  and  ,'isl  feet,  respectively.  At  thc^se 
places  the  water  barely  reache.-?  the  surface,  which  indicates  that  the  head  is  but  little 
above  these  elevations.  From  Cherry  Creek  to  Pontotoc  the  Vlevation  rises  from  375  to 
478  feet.  Pontotoc  i:<  located  on  the  crest  of  Pontotoc  divide,  and  there  is  no  higher  land 
to  the  east  to  supply  artesian  water;  it  \a  therefore  impossible  to  get  flowing  wells  at  that 
place  From  New  Albany  to  Kipley  the  elevation  rises  from  381  to  525  feet,  thus  getting 
alwve  the  water  head  to  the  east.  The  only  place  where  flowing  wells  from  this  horizon 
can  be  expected  is  down  Tallahatchie  Uiver,  and  perhaps  along  the  headwaters  of  Tippah 
Cre<*k  in  western  Tippah  and  eastern  Benton  counties,  and  in  northeastern  Calhoun  County 
along  Shooner  River. 

WILCOX  HORIZON. 

The  extensive  outcrop  of  the  Wilcox  formation  covers  8,000  square  miles,  including 
approximately  the  counties  of  Benton,  Lafayette,  Yalobusha,  Calhoun,  Webster,  CluK-taw. 
and  Winston,  and  the  larger  portions  of  Kemper  and  Lauderdale  countie-s.  Only  the  lower 
division  of  the  formation  is  included  in  the  water-lx^ariiig  horizon. 

Catchment  area. — The  porous  sands  and  sandy  clays  which  come  to  the  surface  in  the 
eastern  half  of  the  area  and  lie  between  the  water-light  l)eds  of  the  Porters  Creek  and  the 
l)elt  of  clays  used  for  stoneware  at  Holly  Spring-?  and  Oxford  make  up  the  Wilcox  artesian- 
water  horizon.  The  catchment  area  is  largely  covered  by  the  Lafayette  sands,  w-hich  ofTer 
but  little  obstruction  to  the  absorption  of  the  rainfall,  and  a  large  amount  sinks  quickly 
into  the  underlying  strata. 

Upj)€r  confining  stratum. — The  stoneware  clays  of  Holly  Springs  and  Oxford,  which  form 
a  narrow  Ix^It  of  country  about  the  middle  of  the  formation,  extending  from  the  Tenness4*e 
line  south  in  a  semicircular  direction  into  Alabama,  form  the  upper  confining  stratum  of 
this  horizon.  The<;c  ciuys  change  from  a  white  or  gray  color  in  the  north  to  a  chocolate- 
brown  in  the  central  and  southern  areas. 
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Dip  of  the  wafer-beariruj  tttraia. — An  oast-west  lino  of  wolls  oxt<Miding  from  Oxford  to 
Belon  gives  the  following  data  for  dotormining  the  dip  of  tho  strata,  if  it  is  assumod  that 
the  water  comes  from  the  same  sourre: 

The  elevation  of  the  well  at  Oxford  is  about  45()  feet.  Water  was  obtained  here  at  a 
depth  of  100  feet,  or  ii50  feet  above  sea  level.  In  the  Batesville  well,  water  was  struck  at 
2S5  feet,  or  51  feet  above  sea  level.  This  gives  a  difTert^nce  of  401  feet  in  the  elevations 
of  the  water  horizon.  The  distance  U^tween  Oxford  and  Batesville  is  24  miles.  By  divid- 
ing 401  by  25  we  obtain  the  dip  of  the  strata,  which  is  over  1(5  feet  to  the  mile.  Similar 
calculatioas  lietween  Batesville  and  Btlen  give  a  dip  of  17  fwt  to  the  mile,  and  between 
Batesville  and  Riverside  a  dip  of  18  feet  to  the  mile.  We  can  therefore  a.ssumo  a  westward 
dip  in  this  region  of  16  or  17  feet  to  the  mile. 

There  are  but  few  data  for  determining  the  dip  to  the  south  in  the  southern  part  of  thp 
formation.  However,  we  know  from  the  underlying  and  overlying  strata  that  the  dip  is  much 
greater  to  the  south  than  to  the  west. 

Are'i  of  available  artesian  water. — The  area  underlain  by  the  Wilcox  sands  and  sandy 
clays  includfss  the  entire  Statt*  wvst  and  south  of  their  outcrop;  but  the  inclination  of  the 
beds  soon  carries  the  water- l)earing  strata  l)elow  the  reach  of  the  drillers.  Two  causes 
tend  to  make  flowing  wells  more  easily  obtained  west  of  tiie  source  than  south:  (1)  The 
more  gentle  westward  dip  keeps  the  water  nearer  the  surface,  while  the  dip  to  the  south 
soon  carries  the  water  horizon  beyond  reach;  (2)  the  elevation  of  the  surface  lying  west 
decreases  and  reacluM  a  lower  level  than  that  to  the  south. 

The  flowing  wells  in  the  Yazoo  Delta  north  of  Ijcfloro  County  obtain  tlieir  water  from 
the  Wilcox.  South  of  this  area  water  is  found  in  a  dilFerent  horizon.  In  the  western  and 
southern  portions  of  the  delta  the  distance  from  the  source  has  become  so  great  that  the 
water  fails  to  reach  the  surface  on  account  of  the  friction  it  encounters  in  passing  through 
the  sands.  Theiv  is  but  a  small  area  outride  of  the  northern  part  of  the  delta  where  flow- 
ing wells  are  obtained  from  the  Wilcox  horizon.  Thase  at  Water  Valley  and  ColTeevillo, 
many  in  Laudenlale,  and  a  few  in  southea-stern  Newton, and  perhaps  in  northern  Clarke 
County,  get  their  waters  from  the  Wilcox. 

CLAIBORNE  HORIZON. 

We  have  considered  the  white  and  chocolate-<'olorcd  stoneware  clays  near  the  middle  of 
the  Wilcox  formation  as  the  division  between  tlie  Wilcox  and  Claiborne  water  horizons. 
They  form  the  upper  confining  beds  of  the  Wilcox  and  the  lower  confining  Ix'ds  of  the 
Claiborne.  If  there  were  a  water-tight  l)ed  at  the  top  of  the  Wih'ox,  there  would  be  two 
water  horizons  belonging  entirely  to  this  formation;  but,  since  this  upper  impervious  bed 
is  wanting,  we  should  consider  the  sands  and  sandy  clays  above  the  stoneware  clays  as  a 
part  of  the  Claiborne  formation. 

Catchment  arra.— Besides  the  area  of  the  upper  Wilcox  the  catchment  area  of  the  Clai- 
lx>rne  includes  a  l)elt  from  12  to  40  miles  wide  extending  from  Grenada  County  south- 
southeast  through  Carroll,  Attala,  Leake,  southwestern  iNcshoba,  Newton,  Lauderdale,  and 
Clarke  counties.  The  belt  is  narrowest  near  the  Alabama  line  and  widest  in  Leake  County. 
Tlie  outcrop  of  the  strata  of  the  Qlaiborne  horizon  includes  beds  of  unconsolidated  mica- 
ceous sands,  sandy  clays,  and  more  or  less  coai-st^grained  micaceous  sandstone.  There  is 
in  the  Tallahatta  buhrstone  at  least  one  horizon  of  very  compact  quartzose  sandstone.  All 
of  the  Tallahatta,  with  the  possible  exception  of  the  quartzose  sandstone,  is  capable  of 
holding  a  large  amount  of  water  in  saturation.  Over  much  of  the  area  the  Lafayette 
covers  the  surface.  Along  many  of  the  streams  and  hillsides  the  Lafayette  has  been 
removed  by  erosion  and  the  porous  sands  and  sandstones  of  the  underlying  formations  are 
exposed.  Besidct*  the  direct  al>sorption  of  the  rainfall  into  the  porous  strata  there  are  a 
number  of  streams  which  lose  a  large  amount  of  their  waters  in  passing  over  the  inclined 
edges  of  thesi*  strata.  The  water  sinks  quickly  into  the  open-textured  sands,  and  many  of 
the  smaller  streams  flow  but  a  short  time  after  even  a  hard  rainstorm.     This  is  particularly 
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true  along  the  upper  courses,  where  the  streams  have  not  silted  up  their  beds  with  imper- 
vious clays.    The  absorption  is  greater  in  summer  than  in  winter. 

Upper  confining  stratum. — The  upper  conHning  stratum  of  the  Clailwrne  horizon  consists 
of  a  series  of  **soapstone"  and  pipe-clay  beds  which  belong  to  the  basal  part  of  the  Li8lN)n 
formation.  Well  drillers  say  that  in  places  flowing  water  is  found  just  IxMieath  a  very  hard 
"flint''  or  sandstone,  which  is  perhaps  the  quartzose  sandstone  of  the  upper  Tallahatta. 

Dip  of  the.  water-hearing  strcUa. — The  dip  of  the  strata  to  the  west,  as  shown  in  the  well 
records  between  Winona  and  Indianola,  is  as  follows:  If  the  waters  derive  their  supply 
from  the  same  source,  there  is  a  dip  in  the  water  horizon  between  Winona  and  (ireenwood 
of  18  feet  to  the  mile,  though  one  well  at  Grt^enwood  would  give  a  dip  of  only  10  feet  to  the 
mile:  the  dip  between  Greenwood  and  Ittabena  is  20  feet  to  the  mile;  between  Ittahena 
and  Indianola  35  feet  to  the  mi'le. 

The  well  at  Jackson  gets  its  wat«r  at  a  depth  of  1,168  feet.  The  elevation  of  the  top  of 
the  well  is  about  280  feet  above  sea  level.  Estimating  the  head  of  the  water  supplying  the 
well  to  be  100  feet  higher  than  the  surface  at  Jackson  and  the  distance  from  the  source  to 
the  well  to  be  50  miles,  we  get  a  dip  of  the  w^ater-bearing  sands  of  25  feet  to  the  mile. 

Various  estimates  made  from  records  of  the  wells  along  Chickasawhay  River  give  a  south- 
ward dip  of  the  wat^r  horizon  of  from  10  to  20  feet  to  the  mile. 

Area  of  available  artesian  uxiter. — The  area  of  accessible  artesian  water  coming  from  the 
Claiborne  horizon  includes  the  larger  part  of  the  Yazoo  Delta  lying  south  of  a  line  running 
from  Grenada  to  Rosedale,  and  the  central  prairie  belt  extending  from  Yazoo  to  Waynes- 
boro, on  Chickasawhay  River. 

The  area  of  flowing  wells  occupies  a  much  smaller  territory.  In  the  delta  it  incluJes 
Leflore  County,  the  larger  part  of  Sunflower  County,  and  the  northern  part  of  Holmes 
County.  West  of  this  the  water  encounters  too  much  friction  to  give  good  flowing  wells. 
A  w«ll  1,567  feet  deep  at  Yazoo  failed  to  obtain  a  strong  flow.  The  city  well  at  Jackson 
is  perhaps  the  most  distant  one  receiving  its  water  from  the  Clailwrne  horizon.  This 
well  is  1,168  feet  deep  and  gives  a  strong  stream.  The  wat^r  is  highly  impregnated  with 
minerals  and  too  warm  to  be  palatable  for  drinking.  There  are  numerous  ilowing  wells 
along  Chickasawhay  River,  from  Waynesboro  to  near  Decatur,  in  Newton  County;  those 
south  of  Enterprise  receive  their  waters  from  the  Claiborne  horizon. 

PASOAOOULA  HORIZON. 

Immediately  underlying  the  Grand  Gulf  formation  is  a  series  of  older  Miocene  l)eds  which 
outcrop  along  Chattahoochee  River  in  Florida  and  also  along  Conecuh  River  in  southern 
Alabama.  From  fossils  collected  by  Mr.  Johnson  along  Chickasawha\»  River  a  few  miles  above 
the  mouth  of  Leaf  River  it  has  been  shown  that  there  is  a  horizon  here  bearing  a  fauna 
which  is  much  older  than  the  Vicksburg.  He  has  called  the  beds  Pascagoula,  and  refers 
them  to  the  Miocene.  It  has  not  been  conclusively  proved  that  the  Pascagoula  is  the  same 
horizon  as  the  Chattahoochee  beds,  but  the  fossils  which  were  collected  have  been  referred 
to  the  Miocene.  It  is  quite  probable  that  many  of  the  deeper  wells  along  the  coast  derive 
their  supply  of  water  from  the  Pascagoula,  but  as  the  formation  has  been  recognized  only 
along  the  Pascagoula  River  nothing  is  deflnitely  known  about  its  water-bearing  capacity. 

GRAND  OTTLT  HORIZON. 

But  little  detailed  geologic  work  has  been  done  over  a  large  part  of  the  Grand  Gulf  an»a 
from  Jackson  to  the  Gulf,  and  the  character  of  the  water-bearing  horizons  is  known  only  in 
a  general  way.  The  southern  counties  of  the  State  are  covered  deeply  by  two  great  surflcial 
formations,  the  Grand  Gulf  and  the  Lafayette.  The  great  well  at  Rose  farm  and  another 
at  Wilson  Springs,  north  of  Moss  Point,  demonstrate  that  there  is  another  important  water 
horizon  underneath  the  Grand  Gulf.  The  greater  part  of  the  wells  along  the  coast  find 
flowing  wat^r  at  500  feet,  more  or  less,  and  many  toward  the  west  at  300  feet  and  lower 
None  of  these  flow  with  the  great  pressure  of  the  deeper  wells,  nor  do  they  furnish  so  great 
a  supply.  From  only  one  of  the  shallower  wells  have  fossils  been  obtained — that  at  Log- 
town,  on  Pearl  River — but  as  yet  they  are  undetermined. 


UNDERGROUND- WATER    HORIZONS    OF    MISSISSIPPI.  25 

Mr.  L.  Sutter,  one  of  the  most  skillful  and  observant  drillers  of  the  coast,  says  Hiat  there 
are  four  distinct  artesian  water-bearing  strata  on  the  coast.  This  does  not  include  the  one 
immediately  under  the  alluvial  sands  at  a  depth  of  100  to  200  feet,  which  sometimes  flows 
and  sometimes  does  not.  One  horizon  is  reached  at  al)out  300  feet  from  which  water 
occasionally  rises  to  the  surface;  a  second  at  400  to  500  feet  often  gives  a  strong  flow,  and 
the  majority  of  owners  are  content  to  stop  here;  a  third  is  at  600  to  700  feet,  in  which  there 
is  generally  gravel  and  a  good  flow  of  water;  the  last  flow  comes  from  a  depth  of  8(X)  to 
1,000  feet,  and  has  a  strong  pressure  and  abundant  supply. 

The  lowest  member  of  the  Grand  Gulf  fbrmation  is  a  bed  of  impervious  day  about  75 
feet  thick.  Resting  on  the  clay  is  a  series  of  sandstones  alternating  with  grayish  and  often 
lignitiferous  clays.  These  sandstones  and  open  clays  form  the  water-bearing  strata  of  the 
Grand  Gulf. 

Catchment  area. — The  sandstones  and  lignitiferous  clays  come  to  the  surface  along  the 
northern  area  of  the  Grand  Gulf  formation.  In  the  northwestern  portion  the  sandstone  is 
more  prevalent  than  the  lignitiferous  clays.  It  alternates  with  thin  strata  of  gray  clay,  as 
is  shown  at  Star  and  Raymond,  and  in  various  places  in  southern  Rankin,  Hinds,  Simpson, 
Copiah,  and  Claiborne  counties.  Along  the  northern  outcrop  of  the  Grand  Gulf  in  the  east- 
cm  part  of  the  State  the  sandstone  is  wanting.  The  strata  here  are  lignitiferous,  sandy 
days  containing  leaf  impressions  and  often  fragments  of  lignitized  wood.  But  the  material 
is  porous  enough  to  absorb  a  lai^e  amount  of  water,  which  is  easily  recognized  by  its  charac- 
ter when  it  again  comes  to  the  surface.  The  large  amounts  of  gypsum  and  common  and 
magnesian  salts,  the  small  quantities  of  iron  pyrite,  and  the  decayed  vegetable  matter 
render  the  water  in  places  unsuitable  for  drinking. 

Upper  confining  stratum. — The  upper  confining  beds  of  the  Grand  Gulf  horizon  consist  of 
the  extensive  clay  beds  outcropping  in  the  vicinity  of  Hattiesburg. 

Dip  of  the  water-bearing  strata. — If  the  wells  at  Laurel  and  EUisville  derive  their  supply 
from  the  same  horizon,  the  southward  dip  of  the  strata  is  about  11  feet  to  the  mile. 
The  dip  between  EUisville  and  Hattiesburg  is,  according  to  the  data  in  hand,  much  less. 
We  have  but  one  well  record  at  EUisville  on  which  to  base  our  estimates,  which  are  no  doubt 
too  small. 

Area  of  available  artesian  toater. — The  sandstones  and  porous  clays  forming  the  catchment 
area  of  the  Grand  Gulf  horizon  soon  pass  beneath  younger  deposits.  Flowing  wells  are 
obtained  at  Taylorsvillc,  Hattiesburg,  Columbia,  and  along  the  coast.  There  is  a  large  area 
lying  north  of  a  line  drawn  from  Leakesville  through  Hattiesburg,  Monticello,  Brookhaven, 
and  Natchez,  where  deep-well  water  can  be  obtained  at  a  maximum  depth  of  800  feet. 
Fk)wing  wells  should  be  found  along  the  larger  streams  at  a  much  shallower  depth. 

Below  is  a  generalized  section  of  wells  between  Biloxi  and  Pass  Christian.  The  record 
was  given  to  G.  D.  Harris,  for  his  "  Underground  Waters  of  Southern  Liouisiana,"  by 
Mr.  A.  Dixon,  a  practical  well  driller  of  that  region. 

Generalized  section  of  wells  between  Biloxi  and  Pass  Christia/n. 

Depth 
In  feet. 

a.  Sand SO 

5.  Clay 126 

4.  Sand  and  clay 425 

3.  Light-gray  flne  eand 500 

2.  Clay eOO 

1.  Water-bearing  sand 685 

It  will  be  seen  by  consulting  the  section  that  No.  2  is  a  bed  of  clay  extending  in  depth 
from  600  to  685  feet,  with  a  water-bearing  sand  below.  No..  1  is  no  doubt  the  water-bearing 
sand  belonging  to  the  lower  horizon,  and  the  clay  of  No.  2  is  the  impervious  bed  at  the  top. 
Some  drillers  say  that  the  clay  coming  immediately  above  the  water  horizon  has  a  bluish- 
^'^reen  color  and  is  often  150  feet  thick. 

The  large  number  of  wells  along  the  coast  whjch  draw  their  supply  from  this  horizon 
indicates  a  large  s^lchu^ent  ^res^.    Those  who  have  flowing  wells  usually  let  them  flow 
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at  full  pressure,  the  amount  of  water  used  being  but  a  small  fraction  of  the  amount  iK-asted. 
Well  owners  should  lx?ar  in  mind  the  ix)ssibility  of  overdrawing  the  supply.  New  wells 
are  being  constantly  drilled,  and  this  also  tends  to  lessen  the  amount  for  each  well.  Good 
water  such  as  that  found  in  tiie  deep  wells  along  the  cotist  is  a  great  blessing  to  the  people 
living  there,  and  a  cessation  of  the  flowing  wells  would  be  keenly  felt.  Fortunately,  the 
supply  so  far  has  been  adequate  for  all  purposes. 

LAFAYETTE  HORIZON. 

The  most  recent  formation  in  the  State  furnishing  artesian  water  is  the  Lafayette.  0%'er 
the  larger  portion  of  the  State  it  forms  a  mantle  up  to  200  feet  in  thickne^ss  resting  uncon- 
formably  ujjon  the  older  formations.  The  Lafayette  passes  beneath  still  younger  strata 
at  a  distance  of  15  to  30  miles  from  the  Gulf  and  is  found  in  the  coast  wells  at  a  depth  of 
150  to  350  feet  below  tide.  North  of  the  point  where  the  Lafayette  passes  under  cover  of 
the  other  formations,  it  forms  one  of  the  principal  sources  of  the  shallow-well  waters  of  the 
State. 

Catchment  area. — Along  the  Gulf  and  Ship  Island  Railroad  south  of  Hattiesbui^  there 
are  thick  l>eds  of  coarse  sand  and  fine  gravel  l)elonging  to  the  Lafayette.  They  overlie 
the  bluish-green  clays  at  the  top  of  the  Grand  Gulf  horizon,  and  are  in  turn  overlain  by 
more  recent  clays.  The  surface  betwoen  these  two  clay  layers  forms  the  catchment  area 
of  the  Lafayette.  It  is  less  extensive  than  the  Grand  Gulf  horizon,  but  the  material  is  much 
more  porous  and  tlicrcfore  contains  more  water  to  the  cubic  foot. 

The  elevation  of  the  catchment  area  is  sufficient  to  force  the  water  to  a  maximum  height 
of  20  feet  above  the  surface-  At  a  distance  of  25  miles  from  the  Gulf  the  elevation  along  the 
Gulf  and  Ship  Island  Railroad  reaches  250  feet.  If  this  elevation  were  continuous  across 
the  State  fuora  east  to  wcsl,  the  water  in  the  coast  wells  receiving  their  supply  from  this 
horizon  would  rise  to  a  much  greater  height  than  it  does;  but  the  streams  have  cut  their 
channels  to  such  a  depth  that  the  head  of   the  water  is  much  below  this  elevation. 

UpiHir  confining  stratum. — The  recent  clays  along  the  coast  rest  unconformably  upon 
the  Lafayette  horizon,  and  form  its  upper  impervious  stratum.  From  the  various  reports 
of  the  drillere  the  toast  wells  from  Si-ranton  to  Pearl  River  strike  the  Lafayette  sands  and 
gravel  at  from  150  to  380  feet.  The  upper  confining  bed  of  clay  is  reported  to  be  35  to 
100  feet  thick.  The  foIlowHig  table,  compiled  from  the  well  records  from  Scranton  to 
Pearl  River,  gives  some  interesting  facts  relating  to  the  pressure  and  depth  of  the  wells: 

Wells  hettvten  Scranton  and  Pearl  River. 


[.ocality. 

,  Wollsloss 
than  5(K) 
fet't  (loop. 

Wells  with 
flow  less 
than  :« 

ItH't  ahovo 
suifacc. 

5 
2 

1 
3 

7 

Wells  more 
than  500 
feel  deep. 

15 
6 
2 

J! 

30 

3 

13 

2 

4 

Wells  with 
flow  30  i«*t 
and  iiion* 
alxnt'ihe 
surface. 

Biloxi 

Gulfport 

7 

17 
4 

Longbeach   

1 

Mississippi  t'ily... 
Pass  Ctiristitin . , . . 

' 

2 

3 

25 

Foniainebleaii . . . 

2 

Moss  Point 

1 

2 
5 

1 

Ocean  Springs.. 

1 

K 

Sr rant  on 

2 

Hay  St.  l^oiiis 

0 

7 

8 

7 

5 

Waveland. 

• 

By  comparing  the  depths  with  the  pressures  in  the  table  al>ove,  it  will  be  seen  that  the 
water  coming  from  a  depth  less  than  ')(K)  fe<'t  liius  a  different  source  from  that  of  the  water 
coming  from  a  greater  depth.     Wells  with  an  approximate  depth  of  500  feet  or  more 
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have  a  much  greater  pressure  than  shallower  wells.  In  most  of  the  former  th«  pressure 
is  sufficient  to  force  the  water  30  feet  or  more  above  the  surface,  the  maximum  height 
lK*iug  80  feet.  A  well  at  Bay  St.  Louis,  250  feet  deep,  has  a  greater  pressure  than  any  of 
the  other  shallow  wells,  and  the  height  of  flow  above  the  surface  is  20  feet. 

Dip  of  the  uxUer-becaring  strata. — By  comparing  the  distance  from  the  outcrop  of  certain 
kxis  with  the  depth  at  which  they  are  found  in  the  coast  wells,  a  southward  dip  of  about 
15  or  20  feet  to  the  mile  is  estimated. 

Area  of  available  artesian  water. — The  artesian  area  of  the  Lafayette  is  comparatively 
limited.  Some  of  the  more  shallow  wells  along  the  coast  obtain  their  waters  from  this 
horizon.  The  entire  area  of  the  Lafayette  which  is  covered  by  later  formations  is  but  a 
few  square  miles,  extending  about  20  miles  north  from  the  coast  and  including  the  southern 
portions  of  Harrison,  Hancock,  and  Jackson  counties. 

NOTES  ON  WELLS  OF  MISSISSIPPI,  BT  COUNTIES. « 

Adams  County. — The  surface  of  Adams  Ck)unty  is  very  irregular.  In  the  eastern  pari 
the  Grand  Gulf  formation  is  overlain  by  the  Lafayette.  Near  Mississippi  River  ths  loess 
overlaps  all  the  other  formations  and  extends  from  5  to  10  miles  from  the  river.  The  wells 
of  this  county  derive  their  waters  from  two  sources.  The  shallower  wells  are  supplied  with 
soft,  palatable  water  from  the  base  of  the  Lafayette,  and  the  deeper  wells  from  the  sands 
uf  the  Grand  Gulf. 

The  city  waterworks  company  of  Natchez  has  four  wells  located  near  together,  56  feet 
above  the  river.  An  examination  of  the  water  from  No.  la  shows  37^  parts  solids  to  100,000 
parts  of  water,  and  a  hardness  of  7}.  Well  No.  2  contains  27  grains  of  solids  to  the  gallon, 
and  shows  the  presence  of  a  very  small  number  of  innocuous  bacteria.  The  log  of  well 
Xo.  4  shows  160  feet  of  loess,  50  feet  of  Lafayette,  and  220  feet  of  Grand  Gulf  material. 
Well  No.  9  is  located  on  the  Greenville  plantation,  7)  miles  from  town.  There  are  hun- 
dreds of  wells  of  this  character  in  the  western  part  of  Adams  County,  the  water  generally 
being  obtained  at  the  contact  of  the  Lafayette  and  the  underlying  Grand  Gulf.  The  log 
of  well  No.  9  showed  12  feet  of  Lafayette  and  85  feet  of  Grand  Gulf,  to  which  the  water 
owes  its  hardness. 

Aleom  County. — ^The  Lafayette  has  been  removed  from  a  large  part  of  the  surface  of  the 
county,  which  is  a  gently  rolling  plateau  sloping  in  a  northwest  direction  to  Hatchee  River. 
When  the  first  wells  at  Corinth  were  drilled  the  water  rose  to  the  surface,  but  was  lowered 
several  feet  below  the  surface  by  additional  welb.  An  effort  has  been  made  here  to  get 
wells  which  would  flow,  but  the  prospects  are  not  very  encouraging,  since  the  source  of  the 
water  is  but  little  above  the  elevation  of  the  town.  There  is  a  bare  possibility  of  striking  an 
artesian  flow  in  the  older,  hard  rocks  at  a  depth  of  several  hundred  feet.  These  rocks  come 
to  the  surface  in  northern  Alabama  and  Tennessee  at  an  altitude  sufliciently  high  to  force 
water  to  the  surface  at  Corinth.  However,  the  disturbance  of  these  older  rocks  has  caused 
them  to  be  so  folded  and  jointed  that  it  would  be  a  risk  to  undertake  such  a  project.  The 
log  of  one  of  the  Corinth  waterworics  wells,  No.  11,  shows  20  feet  of  Lafayette,  280  feet  of 
undifferentiated  Cretaceous,  and  45  feet  of  Lower  Carboniferous  or  Devonian. 

Amite  County. — No  well  records  were  obtained  from  this  county.  Flowing  wells  are  not 
probable. 

Attala  County. — The  only  well  reported  from  this  county  is  No.  12,  at  Kosciusko.  In  this 
well  two  fossiliferous  beds  of  clay  were  penetrated,  the  first  at  a  depth  of  65  feet  and  the 
second  at  1 50  feet.  Water  first  entered  the  well  at  a  depth  of  75  feet  and  now  stands  at  that 
level. 

BenUm  County. — All  shallow-well  water  in  Benton  County  is  obtained  from  the  Lafayette 
and  Wilcox  formations.  There  is  a  possibility  of  getting  flowing  wells  from  the  Ripley 
sands  along  Tippah  Creek  in  the  eastern  part  of  the  county  at  a  depth  of  about  400  f«et. 

a  A  partial  list  of  the  deep  wells  in  Mississippi  is  given  In  the  table  on  pages  49-59.  The  well  num* 
bera  in  the  text  rofer  to  this  table. 
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Bolh'ar  Counly. — This  is  one  of  the  Yazoo  Delta  counties  lx)rdering  on  Mississippi  River. 
The  shallow  wells  receive  abundant  watx^r  from  the  Port  Hudson  formation,  but  it  contains 
much  organic  matter  and  is  therefore  very  unwholesome.  These  shallow  wells  are  made 
by  placing  a  cap  on  the  end  of  a  pipe,  perforating  the  lower  portion,  and  driving  the  pipe 
into  the  ground.  Water  enters  the  pipe  through  the  perforations  and  is  raised  to  the  sur- 
face by  a  pump. 

The  deep  wells  reach  the  Claiborne  horizon,  but  are  so  far  from  the  head  that  the  pressun' 
is  greatly  lessened  by  the  friction  the  water  encounters  in  passing  through  the  sands.  In 
most  of  the  counties  of  the  Yazoo  Delta  bordering  the  Mississippi  the  water  fails  to  rise  to 
the  surface. 

Calhoun  County. — This  county  is  traversed  by  two  large  streams  flowing  west,  Yalobusha 
and  Shooner  rivers.  Between  these  stre.ams  is  a  narrow  divide  which  rises  more  than  200 
feet  above  them.  On  the  higher  ridges  and,  in  fact,  everywhere  except  along  the  streams 
the  Lafayette  is  very  thick.  At  its  base  is  a  water  supply  abundant  for  all  ordftiary  domestic 
uses.  Wherever  possible,  this  water  should  be  used  in  preference  to  the  deeper  well  waters, 
which  in  this  region  are  apt  to  be  strongly  impregnated  with  mineral  salts. 

Carroll  County. — Carroll  is  one  of  the  counties  Iwrdering  the  eastern  rim  of  tlie  Yazoo 
Delta.  Its  western  part  is  therefore  bui.  little  above  Yazoo  River,  and  flowing  wells  are 
easily  obtained.  The  great4»r  part  of  the  county  is  in  the  Claiborne  hills,  where  flowing  wells 
are  possible  only  along  the  lower  streams. 

The  town  of  Carrollton,  near  the  center  of  the  county,  has  a  large  number  of  flowing  wells. 
It  is  situated  on  Big  Sandy  Creek  and  has  an  elevation  of  229  feet  above  sea  level.  Well 
No.  17  was  drilled  1,250  feet  deep,  but  failed  to  get  an  overflow.  The  first  water  from  the 
upper  Claiborne,  at  300  feet,  rose  to  within  17  feet  of  the  surface.  A  second  stream  at  45U 
feet  came  within  12  feet  of  the  surface.  These  wat«r  beds  were  cased  off  and  no  further 
supply  was  obtained.  Water  from  well  No.  18  is  delivered  by  a  ram  to  a  tank,  from  which 
it  is  distributed  over  south  Carrollton. 

Chickasaw  County. — The  eastern  half  of  this  county  is  underlain  by  the  Selma  chalk  and 
the  "western  half  by  the  Porters  Creek  and  Wilcox  beds.  The  water  from  the  Tuscaloojsa- 
Eutaw  horizon  wnll  rise  to  the  surface  in  a  narrow  strip  in  the  northeast  comer  of  the  county. 
Some  surficial  waters  are  obtained  from  the  base  of  the  Lafayette  where  that  formation  is 
present,  but  the  general  supply  of  wholesome  w^ater  comes  from  the  deep  wells  which  reach 
the  Tuscaloosa-Eutaw  horizon.  Water  from  well  No.  20  at  Okolona  is  forced  into  a  tank 
by  compressed  air  and  is  thence  distributed  over  the  town. 

Choctaw  County. — It  is  not  surprising  that  no  artesian  wells  are  reported  from  Choctaw 
County,  as  the  high  Pontotoc  divide  extends  through  its  eastern  part.  At  Blantons  Gap, 
2  miles  east  of  Ackerman,  the  Illinois  Central  Railroad  reaches  the  highest  elevation  between 
Durant  and  Aberdeen. 

The  only  possibility  of  getting  flowing  wells  in  the  county  would  be  along  Big  Black  River, 
on  the  northern  and  northwestern  boundary.  Good  surficial  water  is  obtainable  from  the 
base  of  the  Lafayette,  which  is  exceptionally  thick  over  this  region. 

Claiborne  County. — Good  water  is  obtained  in  shallow  Lafayette  and  Grand  Gulf  welU, 
but  there  is  no  artesian  flow. 

Clarke  County. — Clarke  County  is  one  of  the  Alabama-Mississippi  border  counties  lyinj; 
along  Chickasawhay  River.  The  nearness  to  the  catchment  areas  of  the  Claiborne  and 
Wilcox  formations  and  the  large  area  of  low-lying  territory  along  the  Chickasawhay  cau.si» 
many  artesian  w^ells.  The  county  is  crossed  by  the  Lisbon  beds,  the  Tallahatta  buhreU>ne. 
and  the  Jackson  formation,  while  the  upper  Wilcox  crosses  the  northeast  comer,  and  the 
Vicksburg  the  southwest  comer.  The  Lafayette  is  also  very  thick  back  from  the  largiT 
streams. 

Well  No.  22,  at  Barnett,  was  started  in  the  Jackson  marls,  which  were  65  feel  thick. 
Water  was  obtained  in  the  sand^  immediately  underlying,  and  again  in  sands  at  12.5  feet. 
At  a  depth  of  3.50  feet  all  the  water  left  the  well  and  passed  ofT  through  the  sands  at  that 
point.    The  well  was  cased  for  150  feet.    In  well  No.  23,  also  at  Baraett,  water  was  obtained 
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at  65  feet  and  rose  25  feet  in  the  well.  At  125  feet  another  stream  was  struck  which  rose  to 
within  20  feet  of  the  surface.  As  in  well  No.  22,  all  the  water  was  lost  in  the  sands  at  a 
depth  of  350  feet.     None  was  found  below  that  level. 

Well  No.  24,  at  De  Soto,  begins  near  the  top  and  ends  near  the  bottom  of  the  Lisbon  beds. 
The  water  has  a  reddish  color  like  other  water  coming  from  this  horizon. 

The  town  of  Enterprise  has  two  wells  (No.  25)  about  100  yards  apart  and  of  the  about 
same  depth.  They  are  affected  by  a  large  well  drilled  at  a  sawmill  a  few  hundred  yards 
north.  The  log  from  well  No.  26  showed  22  feet  of  Lafayette.  When  first  drilled  this  well 
had  a  weak  flow.  Three  other  similar  wells,  from  175  to  200  feet  in  depth,  are  located  in  the 
neighborhood.  Well  No.  29  is  on  the  west  side  of  the  river  and  on  higher  ground  than  those 
above  mentioned.  The  Lafayette  is  here  very  thin  and  is  underlain  by  a  10-foot  Claiborne 
shell  bed.  When  the  mercurial  barometer  is  high  the  well  flows,  but  usually  it  has  to  be 
pumped. 

About  15  weHs  have  been  bored  in  the  town  of  Quitman.  The  log  of  well  No.  31  showed 
40  feet  of  Lafayette,  40  feet  of  Lisbon,  150  feet  of  TallahaUa  buhrstone,  and  2  feet  of  Wilcox. 
The  volume  of  water  has  been  lessened  by  the  large  number  of  wells.  Some  of  the  larger 
wells  used  for  supplying  water  for  the  Mississippi  Lumber  Company  are  pum[)ed  by  com- 
pressed air.  During  the  pumping  the  flow  of  other  wells  in  the  town  is  either  decreased  or 
stopped.  Well  No.  33  was  the  first  one  drilled  in  Quitman.  The  flow  has  been  much 
reduced  by  the  drilling  of  other  wells.  The  Lafayette  in  this  well  was  30  feet  thick.  To 
the  east  in  the  hills  the  Lafayette  is  from  40  to  100  feet  thick. 

Well  No.  34  is  the  public  well  at  Shubuta.  A  weak  overflow  of  clear  water  was  obtained 
at  a  depth  of  175  feet,  but  the  main  flow  is  from  400  feet  and  is  a  red  water,  which  is  alkaline 
in  character  and  carries  62  grains  of  sodium  bicarbonate  to  the  gallon.  Sixteen  flowing  wells 
and  1  nonflowing  are  reported  from  the  town  of  Shubuta,  and  they  range  in  depth  from 
165  to  422  feet.  The  maximum  height  to  which  the  water  rises  above  the  surface  is  30  feet. 
There  are  two  distinct  water  horizons  in  the  Shubuta  wells,  both  of  which  yield  highly 
alkaline  waters.  The  first  horizon,  at  165  to  175  feet,  yields  a  clear  alkaline  water  with  a 
pressure  sufficient  to  raise  it  to  a  maximum  height  of  15  feet  above  the  surface.  The  second 
horizon,  at  about  400  feet,  yields  a  red  alkaline  water  which  is  typical  of  all  waters  coming 
from  the  uppermost  Lisbon  beds.  The  pressure  from  this  level  raises  the  water  20  to  30 
feet  above  the  surface.  Well  No.  43  is  1  mile  east  of  town,  on  low  ground  near  the  river. 
Well  No.  45  is  2J  miles  north  of  town. 

Clay  County. — The  whole  surface  of  Clay  County  is  underlain  by  the  Selma  chalk,  except 
a  narrow  strip  2  to  5  miles  wide  along  Tombigbee  River  on  the  eastern  Ixjrder.  Over  the 
entire  country  the  water  from  the  Tuscaloosa-Eutaw  horizon  will  rise  in  wells  to  within  a 
few  feet  of  the  surface.  In  some  localities  in  the  eastern  part  the  water  flows  over  the 
surface. 

The  drill  in  well  No.  52  at  West  Point  penetrated  more  than  500  feet  of  the  Selma, 
beneath  which  an  unusually  pure  water  was  obtained.  This  well  has  a  w('ak  but  steady 
flow.    Later  wells,  however,  have  lowered  the  height  of  the  water. 

Coahoma  County. — The  artesian  wells  from  this  part  of  the  Yazoo  Delta  get  their  flow 
from  700  to  1,000  feet  below  the  surface.  There  is  a  marked  difl'erence  in  the  pressure  and 
quantity  of  water  in  some  of  the  wells. 

At  the  town  of  Clarksdale  the  city  well  (No.  53a),  which  is  876  feet  deep,  flows  a  very 
weak  stream  of  3  gallons  per  minute.  The  well  at  Lyon  (No.  55),  only  2  miles  north,  is 
975  feet  deep  and  flows  a  strong  stream  of  22  gallons  per  minute.  This  well,  however, 
obtains  its  water  from  the  970-foot  level,  which  is  94  feet  lower  than  the  Clarksdale  well. 
No  doubt  the  latter  would  strike  the  same  water  at  the  depth  of  the  Lyon  well.  An  analysis 
of  the  water  from  well  No.  55  shows  3774.6  parts  per  million  of  solids,  of  which  2738.9 
parts  are  sodium  carbonate. 

Copiah  County. — This  county  is  in  the  region  of  the  Grand  Gulf  formation,  which  is  in 
places  deeply  covered  by  the  Lafayette  sand  and  gravel.  A  high  ridge  extends  north  and 
south  across  the  county,  separating  the  waters  of  the  Pearl  on  the  east  from  those  of  the 
MisGiaaippi  on  the  west. 
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Water  was  obtained  in  well  No.  56,  at  Wesson,  at  a  depth  of  120  feet  in  the  lignitic  clay 
of  the  Grand  Gulf.  It  was  so  highly  impregnated  with  vegetable  matter  and  alkalies  as 
to  be  unfit  for  drinking  purposes.  It  is  stated  that  a  boring  1,100  feet  deep  near  Wesson 
failed  to  obtain  water.  The  drinking  water  in  this  locality  is  obtained  from  wells  at  the 
base  of  the  Lafayette. 

Covington  County. — The  well  waters  from  Covington  County  come  principally  from  the 
lower  members  of  the  Grand  Gulf.  There  is  more  or  less  mineral  matter  in  the  water,  often 
rendering  it  undesirable  as  a  constant  drinking  water. 

De  Soto  County. — The  log  of  a  well  in  Hernando  shows  the  following  relations:  Flint 
gravel  45  feet,  yellow  clay  20  feet,  brown  shale  25  feet,  light-brown  shale  55  feet,  hard  shell 
or  hardpan  1  foot,  light-gray  shale  24  feet,  and  sand  50  feet. 

The  well  was  made  in  sand,  is  10  inches  in  diameter,  and  has  a  capacity  of  150  gallons 
daily.  Water  is  raised  by  a  deep-well  pump  and  stands  20  feet  below  the  surface.  The 
quality  is  about  like  that  of  the  Memphis  water. 

Franklin  County. — Shallow  wells  are  obtained  in  Franklin  County  from  the  Lafayette 
and  Grand  Gulf.    Artesian  wells  are  not  possible. 

Greene  County. — Artesian  wells  may  be  obtained  along  Chickasawhay  River,  in  the  eastern 
part  of  the  county.  There  are  as  yet  no  records  of  any  deep  wells  in  this  county,  perhaps 
because  of  the  small  population. 

Grenada  County. — Grenada  County  is  cut  from  east  to  west  by  Yalobusha  River.  Along 
the  lower  course  of  the  river  on  the  eastern  edge  of  the  Yazoo  Delta  there  are  numerous 
artesian  wells. 

The  town  of  Grenada  is  supplied  by  deep-well  water,  which  is  pumped  to  a  large  stand- 
pipe  on  a  hill  about  1  mile  from  town  and  from  there  distributed  over  the  city  through 
pipes.  The  hill  on  which  the  standpipe  is  located  is  about  150  or  175  feet  above  the  city 
and  a  strong  pressure  is  thereby  obtained. 

Hancock  County.— Uetncock  County  is  the  most  western  county  bordering  on  the  Gulf. 
The  drainage  is  toward  the  south  and  southwest.  The  geologic  formations  belong  to  the 
post-Tertiary  period.  The  region  of  flowing  wells  includes  a  strip  along  Mississippi  Sound 
5  to  10  miles  wide  and  likewise  the  region  along  the  Pearl  River  bottom  on  the  west  side  of 
the  county. 

Twenty-three  wells  are  reported  from  this  county.  The  temperature  of  the  deeper  wells 
is  reported  to  bo  78^.  Notes  on  some  of  these  wells  are  given  below.  The  numbers  cor- 
respond with  those  in  the  table  (pp.  42-45) : 

No.  57.  This  well  has  no  strainer  at  the  bottom  and  T)ccamc  clogged,  its  flow  diminiahing  from  50 
gallons  per  minute  to  nothing.  After  partly  cleaning,  a  flow  of  15  gallons  per  minute  was  obtained, 
but  this  has  now  decreased  to  8  gallons. 

No.  58.  This  second  college  well  is  located  1,000  feet  from  the  first.  The  original  flow  was  CO  gallons 
per  minute,  but  the  well  later  became  entirclj'  clogged.    A  flow  of  5  gallons  is  now  obtained. 

No.  59.  Abundant  gravel,  similar  to  that  on  Bayou  de  Lisle,  10  miles  northeastward,  was  found  at 
40  feet,  while  at  from  175  to  300  feet  univalve  and  clam  shells  were  found. 

No.  (30.  This  is  one  of  the  shallowest  wells  at  this  point.  There  are  some  fluctuations  of  flow  of  the 
shallower  wells,  thought  by  drillers  to  be  connected  with  tidal  fluctuations. 

1^0.  61.  This  is  one  of  the  best  wells  at  Bay  St.  Louis.  The  water  is  used  in  a  canning  factory.  A 
eypress  \oe  was  encountered  at  90  feet,  and  many  fossil  shells  at  200  feet. 

No.  62.  In  the  winter  of  1803-94  this  well  ceased  to  flow,  but  began  again  iii  the  spring  and  has  coD' 
tinuod  ever  since.    The  flow  fluctuates  a  little  with  the  tide. 

No.  ('<\.  Fossil  shells  were  found  at  170  feet,  but  none  were  preserved. 

No.  (»4.  This  well  is  16  feet  above  tide  level.  It  flows  at  high  tide,  but  not  at  low.  During  storms 
which  raise  the  water  level  the  flow  is  greatly  increased. 

No.  a5.  This  well  does  not  ordinarily  flow,  but  during  storms  which  raise  the  water  of  the  Gulf  ii 
flows  freely. 

No.  66.  Rotten  wood,  apparently  cypress,  was  encountered  at  100  feet  and  gravel  at  190  feet.  WaUT 
was  found  at  this  point,  but  the  well  wai.  continued  to  the  second  water-bearing  stratum  at  420  fwi. 
The  gravel  resembles  that  at  Bayou  de  Lisle.  10  miles  northeosl. 

No.  67.  A  good  water  horizon  was  passed  through  at  a  considerable  distance  above  the  one  from 
which  the  supply  is  now  obtained. 

No.  eo.  This  well  is  located  on  Bayou  Tally,  several  miles  nort}i  of  town.  FossU  shells  were  fouc-: 
at  40  feet,  but  ttQW  w^re  preserved, 
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No.  71.  Throe  sources  of  water  wore  found— one  under  the  Port  Tludson,  one  under  the  Lafayette  at 
!60  feet,  and  one  near  the  top  of  the  Grand  Gulf  at  225  feet. 

No.  73.  The  elevation  of  this  well,  like  practically  all  of  those  at  Waveland,  is  16  feet  above  tide.  This 
is  the  shallowest  well  at  Waveland,  the  well  stopping  at  the  first  water-bearing  horizon. 

No.  74.  Wat<'r  was  obtained  at  320  feet,  but  was  supposed  to  l>e  insuflicient,  and  the  well  was  con- 
tiniie<l  iO  feet  Into  the  clay. 

No.  7-''..  The  stratigraphy  shown  by  the  wells  In  Waveland  is  similar  to  that  at  Bay  St.  Louis. 

No.  7«.  W^est  of  Bay  St.  Louis. 

No.  7R,  Fnis  well  was  continued  into  the  clay  several  feet  below  the  water-bearing  sand. 

Harrison  CouTiiy. — This  county  offers  a  diversity  of  topographic  features.  The  southern 
part,  bordering  on  Mississippi  Sound,  is  but  a  few  feet  above  tide.  Twenty-five  miles  from 
the  coast  the  Gulf  and  Ship  Island  Railroad  reaches  an  elevation  of  270  feet,  while  the  hills 
to  the  west  rise  periiaps  100  feet  higher.  At  the  northern  edge  of  the  county  the  railroad 
rpaches  905  feet  elevation.  These  high  hills  furnish  the  outcrop  of  the  geologic  formations 
which  supply  the  high-pressure  wells  along  the  coast.  The  entire  coast  in  the  southern 
part  of  the  county  is  perforated  by  wells,  some  of  which  will  force  the  water  80  feet  above 
the  surface  with  a  flow  of  450  gallons  per  minute. 

In  well  No.  102  fossil  shells  were  found  at  340  feet,  but  none  were  saved.  The  well 
supplies  a  large  sawmill  and  furnishes  water  for  the  village  of  Delisle. 

The  wells  at  Pass  Christian  (Nos.  122-153)  are  about  16  feet  above  tide  and  all  have  a 
strong  flow,  which  increases  with  depth.  The  supply  of  the  deeper  wells  appears  to  come 
from  fossiliferous  beds  which  Mr.  L.  C.  Johnson  has  referred  to  the  Pascagoula.  The  water 
from  the  shallower  wells  comes  from  one  or  all  of  the  three  water-bearing  sands  above 
the  so-called  Pascagoula.    The  temperature  of  wells  700  feet  deep  is  71°. 

Hinds  Couidy. — ^The  waters  of  the  eastern  part  of  Hinds  County  flow  to  Pearl  River  and 
th(»e  of  the  western  pari  to  the  Big  Black.  It  is  difficult  to  obtain  good  drinking  water  in 
the  Jackson  and  Vicksburg  formations,  which  underlie  the  surface  in  the  northern  part  of 
the  county.  More  than  half  of  the  southern  part  is  underlain  by  the  Grand  Gulf  formation, 
which  is  here  represented  by  white  to  gray  sandstone,  interl>edded  with  sandy  clays  and 
unconsolidated  sands.  The  Lafayette  covers  the  surface  of  the  entire  county  except  in 
small  areas. 

The  high  bluffs  along  Big  Black  River  are  covered  with  loess,  Which  overlies  all  the  other 
formations.  It  gradually  thins  out  to  the  east,  becoming  so  closely  blended  with  the  yellow 
loam  that  the  two  are  inseparable.  The  transition  zone  will  stand  erosion  better  than  the 
unmixed  yellow  loam.  Most  of  the  water  in  this  county  is  obtained  in  shallow  wells,  which 
derive  their  supply  from  the  base  of  the  Liafayette. 

There  are  four  flowing  wells  in  Jackson.  The  city  well  is  located  on  the  bank  of  Pearl 
River,  not  far  from  the  wagon  bridge.  The  well  is  1 ,168  feet  deep  and  flows  a  strong 
stream  of  strongly  alkaline,  warm  water.  It  is  so  highly  charged  with  minerals  that  it  is 
not  used  for  any  purpose.  The  source  of  the  water  is  perhaps  the  upper  Claiborne.  The 
temperature  of  one  of  the  Jackson  wells,  774  feet  deep,  is  reported  by  Darton  to  be  74**. 

The  deepest  well  (No.  157a)  in  this  section  is  at  Bolton.  At  a  depth  of  1,020  feet  a  fine 
stream  of  excellent  drinking  water  was  obtained,  which  rose  to  within  80  feet  of  the  surface. 
The  well  was  continued  to  a  depth  of  1,517  feet,  but  no  further  streams  were  obtained.  At 
a  depth  of  1,080  feet  the  first  rocks  were  found.  They  occurred  in  bands  1  to  5  feet  thick 
to  the  bottom  of  the  well. 

Holmes  County, — ^The  topography  and  stratigraphy  of  Holmes  County  is  very  similar  to 
that  of  Carroll  on  the  north.  It  contains  a  high  north-south  ridge  near  the  center  and  two 
low-lying  regions  on  either  side.  In  both  of  these  low  areas  are  numerous  artesian  wells 
deriving  their  waters  from  the  Claiborne  horizon. 

Water  was  first  obtained  in  the  well  at  Pickens  (No..  159)  at  160  feet,  but  it  was  of  poor 
quality.  An  analysis  of  the  water  from  the  Tchula  well  (No.  160)  shows  it  to  l)e  too  alkaline 
for  boiler  purposes. 

Well  No.  162  is  locat-ed  in  Attala  County,  1  mile  from  West.  It  is  cased  down  to  solid 
rock  of  the  lower  Tallahatta  at  a  depth  of  100  feet.  The  water  comes  from  beneath  the  hard 
rock. 
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Issaquena  County. — Issaquena  is  a  small  county  bordering  on  Mississippi  River  in  the 
southern  part  of  the  Yazoo  Delta.  The  surface  formations  are  recent  river  deposits  and 
Port  Hudson,  both  of  which  furnish  plenty  of  surficial  waters  of  a  poor  quality.  The  re^on 
is  too  far  removed  to  get  flowing  wells. 

Itawamha  County. — The  Tuscaloosa  sands  furnish  a  large  amount  of  fine  water  over  the 
entire  county.  There  are  numerous  springs  in  the  western  part  of  the  county  which  issue 
from  just  above  lignite  seams  and  clay  beds  belonging  to  the  Tuscaloosa.  No  doubt  flowing 
wells  could  be  obtained  along  Tombigbee  River,  but  none  are  reported. 

Jackson  County. — The  eastern  and  western  parU  of  Jackson  County  rise  to  an  elevation 
of  al)out  300  feet.  The  central  part  along  Pascagoula  River  is  but  a  few  feet  above  tide. 
Like  the  other  two  coast  counties,  the  southern  part  of  Jackson  ha.s  a  large  number  of  flow- 
ing wells.  Twenty  wells  are  reported  from  Jackson  County,  and  the  following  notes  are 
given  in  addition  to  the  data  in  the  table  (p.  48-51) : 

No.  163.  Fossil  shells  were  found  at  640  feet. 

No.  164.  Fossil  shells  of  the  Pascagoula  were  found  at  500  feet.  The  formation  is  here  probably  a)>oat 
100  feet  thick. 

No.  166.  This  well  goes  300  feet  below  the  base  of  the  Pascagoula,  assuming  the  latter  to  have  its  nor- 
mal thickness.  It  does  not,  however,  reach  the  Jackson  or  Vicksburg  formations.  Mr.  I..  C.  .Tohnson 
considers  that  it  may  end  in  the  Chiekasawhay  Miocene  beds. 

No.  167.  This  well  was  bored  for  oil.  At  680  feet  it  passed  through  a  thin  bed  of  gray  sandstone, 
probably  at  the  base  of  the  Grand  Gulf.  The  water  at  this  level  was  of  a  brownish  color  and  flo^-ed  M 
gallons  to  the  minute,  but  was  eased  off.  Woody  matter  was  encountered  at  720  feet.  The  well  ii 
located  4  miles  north  of  Moss  Point. 

No.  168.  Most  of  the  city  is  supplied  from  this  well. 

No.  171.  The  water  of  wells  of  this  depth  is  better  than  that  from  the  deeper  wells. 

No.  177.  The  horizon  of  the  water  bed  is  fixed  by  fossils. 

No.  178.  This  well  is  used  for  Irrigation. 

No.  179.  This  w(>ll  was  liegun  for  oil.  but  was  abandoned  because  of  the  sticking  of  the  drill.  It  still 
flows  considerably,  although  the  main  water  horizon  at  900  feet  was  cased  off.  Fossils  of  the  Paaca- 
goula  horizon  were  encountered  lielow  900  fwt.    Some  wood,  lignite,  and  pyrite  were  also  found. 

No.  180.  It  is  probable  that  the  water  supply  is  from  a  sand  bed  40  to  50 feet  above  the  PaacagouU 
marl. 

No.  182.  Fossil  shells  of  the  Pascagoula  formation  were,  found  Inflow  600  feet. 

Jasper  County. — There  aie  10  wells  reported  from  the  town  of  Paulding,  with  an  average 
depth  of  about  80  feet.  The  water  rises  only  10  feet  in  the  wells.  At  a  depth  of  90  feet  the 
Jackson  marls  are  reached.  Water  coming  from  the  base  of  the  Lafayette  is  reported  to  be 
good  and  soft,  while  wells  Ixired  into  the  Jackson  have  hard  water.  The  wells  are  bored 
with  a  hand  auger. 

Jefferson  County. — No  wells  reported. 

Jones  County. — The  Grand  Gulf  clays  underlie  the  entire  county.  The  more  sandy  clays 
are  wator-bearing,  but  the  southward  slope  of  the  land  is  so  gentle  that  the  water  does  not 
rise  to  the  surface  except  in  the  southern  portion  of  the  county.  It  rises  to  within  40  feet 
of  the  surface  at  Laurel  (No.  184 )  and  to  20  feet  at  Ellisville,  which  is  7J  miles  farther  south. 
If  the  dip  of  tlie  water  horis^tm  is  constant,  the  water  should  rise  to  the  surface  in  wells  8 
miles  south  of  Ellisville,  provided,  of  course,  the  elevation  is  no  higher  than  at  Ellisville. 

Well  No.  186,  at  Laurel,  obtained  its  first  water  at  65  feet,  and  wat<»r  was  found  at  various 
levels  until  the  large  supply  was  reached  at  370  feet.  The  well  is  cased  for  250  feet,  the 
lower  20  feet  being  brass  screen. 

Water  has  been  obtained  at  Ellisville  at  70  feet,  clearly  within  the  Grand  Gulf;  and  again 
at  500  feet,  possibly  at  the  basc^  of  the  Grand  Gulf,  but  this  is  not  certain.  In  neither  case 
did  the  head  force  the  water  to  the  surface. 

Kemper  County. — In  the  eastern  part  of  the  county  deep-well  water,  perhaps  flowing,  can 
1)0  obtained  from  the  Tuscaloosa-F^utaw  horizon  by  penetrating  the  Selma  chalk.  In  the 
western  part  numerous  shallow  wells  are  obtained  at  the  base  of  the  Lafayette.  In  some 
places,  where  the  Lafayette  has  l)een  cut  through,  bold  springs  of  pure,  soft  water  are  found. 

lAifayetle  County.— T\\\^  county  occupies  the  central  portion  of  the  Wilcox  area.  In  gen- 
eral there  is  a  thin  layer  of  I^afayette  overlain  by  a  thicker  mantle  of  the  Columbia  loam, 
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which  reaches  a  maximum  thickness  of  20  feot.  In  the  eastern  and  particularly  in  tho 
southeastern  part  of  the  county  are  numerous  outcrops  of  lignite  veins  along  the  streams. 

The  county  is  traversed  from  east  to  west  by  two  large  rivers,  the  Yocona  on  the  south 
and  the  Tallahatchie  on  the  north.  The  principal  water  supply  is  obtained  from  tho  heavy- 
bedded  sands  in  the  Wilcox. 

Lamar  County. — This  has  recently  been  formed  from  Marion  County,  and  the  wells  are 
discussed  under  that  head. 

Lauderdale  County.  —The  high  line  of  hills  forming  the  divide  between  the  Tombigbee  and 
Ciiickasawhay  basins  extends  in  a  southeast-northwest  direction  across  the  central  part  (  f 
the  county.  The  Wilcox  and  Claiborne  strata,  outcropping  to  the  south  and  west,  form 
the  catchment  area  for  the  artesian  wells  in  the  southern  portion  of  Lauderdale  and  Clarke 
counties.  I 

From  well  No.  190,  at  Lauderdale,  35,000  gallons  were  pumped  in  a  five-hour  test.  There 
is  some  iron  in  the  water,  but  it  can  be  used  in  boilers.  The  drill  passed  through  solid  beds 
at  about  70  feet  below  the  surface,  presumably  Wilcox.  In  No.  192  water  was  first  obtained 
at  135  feet,  but  it  was  from  a  bed  of  lignite  and  was  of  poor  quality.  The  well  stopped  in 
a  soft,  yielding  clay  which  caved  badly.  The  water  from  well  No.  194,  coming  from  the 
Wilcox,  is  very  hard,  but  is  used  in  locomotives.  The  well  has  yielded  7,000  gallons  per 
hour. 

Well  No.  196,  at  Meehan  Junction,  passes  through  the  Tallahatta  buhrstone  and  into  the 
Wilcox  sands.    Only  60  feet  of  casing  are  used. 

Well  No.  197  was  the  second  well  bored  in  Meridian.  The  flow  is  said  to  be  abundant, 
but  the  amount  has  never  been  measured.  It  is  located  near  Okatibbee  Creek,  6}  miles 
northwest  of  the  courthouse  and  on  much  lower  ground.  Well  No.  199  is  the  public  well  in 
one  of  the  streets.  A  hydraulic  motor  pumps  a  small  stream  from  this  well,  in  which  tho 
water  is  chalybeate.  The  water  from  well  No.  201  is  a  mineral  water,  but  is  distilled  for 
making  ice.  The  flow  is  ample  for  the  purpose,  .some  of  the  water  being  used  for  drinking 
supplies. 

WelL^  Nos.  202  and  203,  at  Siding,  obtain  their  supply  from  the  buhrstone.  The  flow  is 
greatly  increa.sed  by  drilling  about  20  feet  deeper  than  tho  buhrstone  and  putting  in  a  longer 
strainer,  as  other  wells  in  the  vicinity  also  show. 

Laurrence  County. — The  only  formations  outcropping  in  Lawrence  County  are  the  Grand 
Gulf  clays  and  the  overlying  Lafayette.  Pearl  River  crosses  the  entire  county  from  north 
to  south. 

The  water  .supply  comes  from  both  the  Lafayette  and  the  Grand  Gulf,  but  the  greater 
numl^er  of  wells  get  their  supply  from  the  latter  at  a  depth  of  50  to  75  feet.  Tho  Grand  Gulf 
water  here,  as  at  many  other  places,  is  hard,  but  is  considered  wholesome.  No  flowing  wells 
are  reported  from  this  county. 

T^ake  County. — ^Two  shallow  wells  from  the  Lafayette  are  reported  from  Leake  County. 
The  TallahattA  buhrstone  outcrops  in  the  eastern  part  and  furnishes  a  large  amount  of  good 
water,  but  the  supply  has  not  been  developed.  Flowing  wells  are  possible  along  Pearl  River 
at  moderate  depths,  particularly  west  of  Carthage. 

I^e  County. — The  Selma  chalk  forms  the  surface  rock  over  the  western  and  the  Eutaw 
over  the  eastern  part  of  the  county.  The  slope  of  the  surface  is  southeast,  or  about  parallel 
to  the  strike  of  the  strata.  The  artesian  waters  at  Tupelo,  Verona,  Plantersvilie,  and  other 
places  over  the  county  come  from  the  Eutaw  sands,  which  outcrop  in  the  hills  to  the  east. 

The  first  wells  at  Tupcjlo  were  drilled  in  the  town  and  had  a  strong  flow*  Later,  however, 
numerous  wells  along  the  near-by  creek  and  at  the  United  States  fishery  have  been  drilled 
ai  a  lower  elevation,  and  the  water  in  the  town  wells  has  been  lowered  below  tho  surface. 
Water  is  obtained  in  the  United  States  fi.shery  at  a  depth  of  325  feet.  There  are  six  of  these 
wells,  which  supply  the  water  for  the  various  fish  ponds  and  for  domestic  use. 

The  water  coming  from  the  Eutaw  contains  more  or  less  iron  oxide,  and  where  the  Solrna 
chalk  is  not  cased  ofT  the  water  is  high  m  lime  carbonate.  Where  the  wells  are  cased  to  the 
bottom  the  water  is  normallv  soft  and  wholesome. 
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Well  No.  210  is  near  the  eastern  edge  of  the  Selma  chalk.  The  first  water  obtained  at  125 
feet  rose  to  within  10  feet  of  the  surface.  The  next  horizon  was  at  250  feet  and  the  water 
rose  to  within  3  inches  of  the  surface.    The  last  water  was  at  322  feet  and  flowed  weakly. 

Lejlore  County. -^JjeAore  County  borders  the  eastern  edge  of  the  Yazoo  delta  about  half- 
way between  Vicksburg  and  the  Tennessee  line.  The  highest  altitude  does  not  exceed  175 
feet.  In  the  adjacent  county  to  the  east  the  hills  rise  to  a  maximum  height  of  550  feet.  The 
sands  furnishing  the  strongly  flowing  wells  in  Leflore  County  come  to  the  surface  in  the  Cai^ 
roll  County  hills  and  in  those  farther  east.  The  conditions  are  thus  very  favorable  for 
obtaining  a  large  supply  of  flowing  water.  Leflore  is  one  of  the  counties  of  the  delta  where 
the  well  drillers  will  guarantee  4i  flowing  well. 

In  well  No.  217,  at  Greenwood,  the  first  water  was  obtained  at  340  feet,  the  next  at  450, 
and  a  third  at  600  feet,  all  of  which  are  utilized  by  meaks  of  perforations  in  the  pipe  at  the 
proper  points.  Hard  rock,  belonging  perhaps  to  the  Tallahatta  buhrst^ne,  was  reported  at 
a  depth  of  200  feet. 

The  following  generalized  section  of  the  wells  in  and  near  Minter  City  was  given  by  Mr. 
Feigler,  a  sucessful  driller  of  this  region:  Subsoil  10  feet,  sand  and  silt  100  feet,  gravel  5  to 
60  feet,  sand  80  feet,  soapstone  and  pipe  clay  interbedded  with  sand  to  the  bottom  of  the 
wells,  which  range  from  420  to  690  feet  in  depth.  The  quality  of  the  artesian  water  from 
this  county  is  considered  excellent  by  those  using  it. 

Below  is  a  generalized  section  of  the  wells  at  Greenwood  which  receive  their  water  from  the 
Claiborne:  Brown  clay  20  feet,  common  sand  130  feet,  coarse  gravel  130  to  150  feet,  gray 
sand  130  to  160  feet,  fine  ''  sea  sand ''  160  to  190  feet,  gray  sand  190  to  220  feet,  soapstone  or 
day  220  to  300  feet,  sand  300  to  380  feet,  dark-brown  hardpan  380  to  460  feet,  and  sand  rock 
for  about  20  feet,  below  which  is  a  stratum  of  flint  rock  always  about  8  inches  thick.  Water 
is  found  below  this  rock  in  dark-green  sand. 

Lincoln  County. — This  county,  like  Copiah,  its  northern  neighbor,  contains  the  elevated 
watershed  between  Pearl  and  Mississippi  rivers,  extending  in  a  north-south  direction  near 
the  center  of  the  county.  The  uppermost  bed  of  the  Grand  Gulf  formation  is  here  an  imper- 
vious clay  which  checks  the  water  collecting  in  the  Lafayette  and  provides  a  fine  supply  of  a 
soft,  wholesome  quality.  Wells  penetrating  the  compact  clay  of  the  upper  Grand  Gulf 
obtain  abundant  water  at  various  horizons.     No  flowing  wells  are  reported. 

Lowndes  County. — ^Tombigbee  River  approximately  marks  the  division  between  the  out- 
crop of  the  Eutaw  sands  and  the  Selma  chalk-  There  are  in  Lowndes  County  140  wells,  15 
of  which  are  in  the  city  of  Columbus.  On  the  east  side  of  the  river  they  all  flow,  and  on  the 
west  side  they  rise  to  a  convenient  pumping  height.  In  the  river  valley  it  is  necessary  to 
bore  only  200  to  300  feet  f9r  water.  One  well  at  Columbus  400  feet  deep  is  reported  to  have 
a  temperature  of  70^. 

Madison  County. — Big  Black  and  Pearl  rivers  form,  respectively,  the  southeast  and 
northwest  boundaries  of  Madison  County,  and  opposite  Canton  they  approach  within  16 
miles  of  each  other.  The  divide  between  the  two  rivers  is  quite  narrow,  with  a  long  slope 
to  the  Big  Black  and  a  short  steeper  slope  to  the  Pearl. 

A  large  part  of  the  county  lies  sufficiently  low  to  have  artesian  wells.  Flowing  wells 
should  be  obtained  anywhere  along  the  Pearl  River  bottom  on  the  east,  and  also  along  the 
Big  Black  at  a  maximum  depth  of  1,000  feet.  At  the  same  maximum  depth  flowing  wells 
should  be  obtained  anywhere  along  the  Illinois  Central  Railroad  north  of  Calhoun,  with 
possibly  the  exception  of  Davis  station,  north  of  Canton. 

The  fine,  wholesome  water  obtained  in  the  Bolton  well  at  a  depth  of  1,080  feet  can  be 
struck  in  southwestern  Madison  County  at  about  800  feet  and  less,  and  in  many  places  it  will 
rise  to  the  surface.  At  the  town  of  Canton  good  water  was  obtained  at  460  feet  which  rose 
to  within  40  feet  of  the  surface.  The  water  in  the  city  waterworks  well  (No.  226),  which  is 
1,020  feet  deep,  is  called  soft,  but  has  a  mineral  taste  and  odor.     Its  temperature  is  74°. 

Marion  County.— ArteHiaxk  wells  are  easily  obtained  in  Marion  County  along  the  low-lying 
land  adjacent  to  Pearl  River.  There  are  a  large  number  of  wells,  with  an  average  depth  of 
425  feet,  in  and  near  the  town  of  Columbia.  The  water  is  mineralized,  containing  sulphur, 
iron,  and  sodium,  but  it  is  considered  soft  and  is  used  for  domestic  purposes. 
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MarnhaU  Coun/yr— The  high  elevation  of  this  county  makes  it  impossible  to  get  flowing 
wells,  except  perhaps  along  Tallahatchie  River  in  the  southeast  corner.  There  is,  however, 
an  abundant  water  supply  for  all  ordinary  purposes  in  the  Lafayette  and  the  underlying 
Wilcox  sands. 

The  Wilcox  sands  here  are  often  unconsolidated  and  thus  form  a  natural  filter  for  the 
storm  waters.  On  account  of  the  porosity  of  the  sand  and  the  readiness  with  which  the 
water  sinks  into  the  earth,  care  should  be  taken  in  locating  wells  in  the  towns  and  in  places 
where  the  surface  water  is  apt  to  become  contaminated.  Filtering  water  is  not  sufficient  to 
remove  from  it  the  typhoid  germs. 

Monroe  County. — ^The  western  part  of  Monroe  County  is  underlain  by  the  Selma  chalk, the 
eastern  half  by  the  Tuscaloosa,  and  a  narrow  strip  along  Tombigbee  River  by  the  Eutaw. 
The  highest  part  of  the  county  is  in  the  Tuscaloosa,  which  is  the  source  of  the  artesian  waters 
to  the  west.  The  water-bearing  sands  have  a  west  to  southwest  dip  of  about  30  to  35  feet  to 
the  mile. 

A  well  near  Caledonia  (No.  233)  had  a  most  remarkable  flow,  the  water  rising  with  such 
force  that  it  was  fouad  impracticable  to  put  down  any  casing.  Enough  sand  and  clay  was 
washed  out  to  obstruct  Buttahatchie  River.  The  well  Anally  clogged  itself  and  ceased  to 
flow.     Two  others  of  like  dimensions  were  bored  by  the  same  owner  with  similar  results. 

Flowing  wells  are  obtained  along  the  valley  of  the  Tombigbee  at  a  depth  of  about  300  feet. 
In  the  prairie  region  to  the  west  the  water  rises  to  within  60  to  75  feet  of  the  surface  but  does 
not  flow. 

MoiUffomery  County, — ^The  eastern  part  of  Montgomery  County  marks  the  eastern  border 
of  the  Tallahatta.  buhrstone.  The  hills,  however,  are  not  sufliciently  high  to  get  flowing 
wells  over  the  western  part  of  the  county.  There  is  a  pos^^ibility  of  getting  flowing  wells  in 
the  southeastern  part,  along  Big  Black  River. 

The  water  from  the  deep  wells  in  Winona  is  unusually  pure  and  valuable  for  drinking  pur- 
poses and  for  use  in  boilers.  The  following  interesting  log  of  one  of  these  deep  wells  (No. 
235)  was  kept  by  Mr.  R.  A.  Allison: 

Log  of  deep  wdl  in  Winona,  Mist, 

Feet, 

Soil  and  clay '. 25 

Oraoge-coloied  sand 10 

"Blue  marl "(?) 40 

Lignite .- 6 

Quicksand , 15 

Black  clay 60 

Coarse  sand  and  fair  sapply  of  water 10 

Lignite 10 

-Blue marl"  (?) 35 

Fine  sand 16 

Clay 10 

Quicksand 60 

Clay 40 

Fine  sand,  coarse  on  top 25 

Brown  clay 35 

Coarse,  water-bearing  sand,  with  gravels  at  top 27 

Total  depth 412 

The  temperature  of  the  water  is  65**  F.  The  50-foot  bed  of  black  clay  beginning  at  a  depth 
of  95  feet  below  the  surface  is  the  heavy  bed  of  black  clay  at  or  near  the  top  of  the  Wilcox. 
At  the  town  of  Grenada,  24  miles  north  of  Winona,  the  black  clay  shows  in  the  bank  of  Yalo- 
busha River.  At  the  top  of  the  high  hill  4  miles  west  of  Grenada  the  hard  quartzitic  sand- 
stone of  the  Tallahatta  forms  the  cap  rock.  The  same  Tallahatta  buhrstone  is  found  in  the 
hills  west  of  Vaiden.  The  heavy  bed  of  black  clay  coming  at  or  near  the  top  of  the  Wilcox 
can  be  traced  from  Winona,  Miss.,  in  well  scctipns  and  outcrops  to  Memphis,  Tonn. 

Neshoba  County. — No  artesian  wells  have  been  reported  in  Neshoba  County.  Good  shal- 
low-well water  is  obtained  in  the  Lafayette,  while  water  at  a  greater  depth  may  lx>  had  at  the 
base  of  the  Claiborne  in  the  southwestern  part  of  the  county. 


36  UNDERGROUND-WATER    RESOURCES    OF    MISSISSIPPI. 

Neivton  County. — There  are  five  different  geologic  formations  repre^nted  in  Xewton 
County.  The  Wilcox  and  Tallahatta  buhrstone  are  in  the  northeastern  portion,  the  Lisbon 
beds  in  the  center,  and  the  Jackson  calcareous  clays  in  the  southwest.  The  La/ayette  over- 
lies all  these  formations. 

There  are  a  number  of  flowing  wells  in  the  southeast  corner  along  Chickasawhay  River, 
which  obtain  their  supply  from  the  buhrstone.  At  the  town  of  Chunkej*'  the  wells  are  cased 
only  to  the  buhrstone,  which  in  well  No.  238  was  at  16  feet. 

An  analysis  of  the  water  from  well  No.  242,  at  Hickory,  shows  the  principal  mineral 
ingredients  to  be  sodium,  calcium,  and  magnesium  bicarbonates,  but  the  water  is  not 
decidedly  alkaline. 

Noxubee  County. — The  greater  part  of  the  surface  of  Noxubee  County  is  a  rolling  prairif 
sloping  southeastward  to  Tombigbee  River.  Flowing  wells  are  obtained  along  the  valley.*? 
of  Tombigbee  and  Oaknoxubee  rivers.  Over  the  remaining  part  of  the  Selma  prairie 
water  will  rise  to  within  good  pumping  distance  of  the  surface.  Mr.  Ladd,  of  Macon,  who 
has  been  in  the  well  business  for  fifty  years,  reports  that  water  will  in  general  rise  to  an  alti- 
tude of  218  feet  above  sea  level  in  this  region.  The  dip  of  the  beds  is  reported  to  be  25  feet 
to  the  mile  southwestward. 

The  water  from  well  No.  249,  at  Macon,  is  alkaline  and  gives  trouble  in  the  boilers  if  used 
when  fresh,  but  after  standing  it  can  generally  be  used. 

There  are  three  wells  (No.  250)  on  the  farm  of  Mr.  Dent,  10  miles  east  of  Macon,  which 
average  650  feet  in  depth,  and  nearly  every  plantation  has  one  or  more. 

OJctibheka  County. — The  western  border  of  the  Selma  prairies  is  in  the  central  part  of  this 
county.  The  Porters  Creek  c\a.ys  and  Wilcox  formation  come  to  the  surface  in  the  western 
half.  The  Lafayette  covers  but  a  small  part,  chiefly  in  the  west.  The  great  thickness  of 
the  Selma,  which  is  barren  of  water,  makes  it  diflicult  to  get  good  water.  Artesian  water 
is  obtained  in  the  northeast  corner  at  a  depth  of  about  300  feet.  At  Starkville,  11  miles 
southwest  of  Muldrow,  water  is  obtained  at  a  depth  of  900  feet,  which  shows  a  westward  dip 
of  the  strata  of  33  feet  to  the  mile.  The  water  in  the  Starkville  well  (No.  253)  rises  to  within 
130  feet  of  the  surface. 

Well  No.  254,  at  the  Agricultural  and  Mechanical  College,  has  a  100-foot  Cook  strainer. 
The  first  water  was  from  a  50-foot  bed  of  sand,  beneath  which  is  a  stratum  of  clay  10  feet 
thick,  and  a  layer  of  sand  35  feet  thick.  The  strainer  extends  through  both  water-bearing 
strata. 

Panola  County. — ^The  high  hills  of  the  Wilcox  formation  occupy  the  eastern  part  of  Panola 
County,  and  the  low-lying  Port  Hudson  sands  and  clays  the  western  part.  The  .source  of 
the  artesian  water  is  the  Wilcox  sands,  which  outcrop  in  the  hills  east  of  Oxford.  The  Port 
Hudson  here,  as  at  all  other  places  in  the  Yazoo  Delta,  furnishes  a  large  supply  of  impure 
surficial  water. 

The  only  flowing  wells  reported  are  in  the  town  of  Batesville.  The  city  well  (No.  255') 
flows  a  strong  stream  of  water  which  has  stained  the  pipe  and  trough  with  iron  oxide.  It 
is  used  for  general  domestic  purposes  and  is  considered  a  wholesome  drinking  water. 

Pearl  River  County. — The  population  of  this  county  is  very  small  and  the  water  resources 
are  undeveloped. 

Perry  County. — Perry  is  one  of  the  few  counties  of  southern  Mississippi,  except  the  Gulf 
coast  counties,  which  have  artesian  wells.  A  large  numl^er  of  flowing  wells,  ranging  in 
depth  from  325  to  380  feet,  have  been  drilled  in  and  near  Hattiesburg.  Very  little  effort 
has  been  made  to  get  flowing  wells  in  other  portions  of  the  county.  In  the  eastern  part, 
along  Leaf  River  and  its  northern  tributaries,  flowing  wells  should  be  obtained  at  about  the 
same  horizon  as  those  at  Hattiesburg. 

The  town  of  Hattiesburg  is  supplied  with  water  from  flowing  wells,  one  4  inches  and 
another  0  inches  in  diameter,  the  water  being  pumped  from  a  reservoir  through  the  town. 
This  water  is  alkaline  and  chalybeate. 

Pike  County. --In  the  greater  part  of  this  coimty  the  Lafayette  lies  dc»ep  on  the  Grand 
Gulf  clays.     Wherever  the  former  is  cut  through  by  erosion  large  springs  occur. 
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Panioloc  County. — ^The  uppermost  formation  of  the  Cretareous  comes  to  the  surface  in 
the  eastern  part  of  Pontotoc  County,  and  the  lower  Tertiary  appears  in  the  west.  The 
Ripley  sands  are  water  bearing.  Along  the  headwaters  of  Tallahatchie  River,  in  the  north- 
central  part,  flowing  wells  are  obtained.  Over  the  remainder  of  the  county  the  elevation  of 
the  country  lying  west  of  the  catchment  area  of  the  Ripley  sands  is  too  great  to  get  flowing 
wells,  except,  perhaps,  along  the  headwaters  of  Shooner  River,  in  the  southwestern  part. 

Efl'orts  have  been  made  to  get  flowing  wells  at  the  town  of  Pontotoc,  but  without  success. 
It  should  be  remembered  that  this  town  is  located  on  the  crest  of  Pontotoc  Ridge,  the  north- 
em  extension  of  which  is  the  source  of  the  flowing  wells  in  the  vicinity  of  EJcru.  Pontotoc 
is  more  than  100  feet  higher  than  Ecru,  where  the  water  rises  only  to  the  surface.  It  is 
very  improbable,  therefore,  that  flowing  water  could  be  obtained  at  Pontotoc.  Considering 
the  dip  of  the  underlying  Cretaceous  to  be  constant,  good  pumping  water  from  the  Tusca- 
loosa-Eutaw  horizon  may  be  expected  at  a  depth  of  893  feet,  and  it  should  rise  to  within 
250  feet  of  the  surface.  The  same  water  in  the  southern  part  of  the  county  would  be  obtained 
at  a  still  greater  depth. 

Prentiss  County. — The  high  east-west  ridge  across  this  county  makes  it  impossible  to  get 
flowing  wells  anywhere  within  it.  Good  pumping  water  could  be  obtained  from  the  Tus- 
caloosa sands,  at  a  maximum  depth  of  500  feet,  in  the  vicinity  of  Booneville.  The  water 
would  rise  to  within  about  260  feet  of  the  surface,  and  perhaps  less,  depending  on  the  ele- 
vation of  the  catchment  area  to  the  east. 

Quitman  County. — The  Wilcox  sands,  which  furnish  the  flowing  wells  at  Bates ville,  con- 
tinue their  westward  dip  of  about  16  feet  to  the  mile,  and  in  Quitman  County  the  wells  range 
in  depth  from  636  to  860  feet.  One  well  furnishes  100  gallons  per  minute  from  a  2i-inch 
pipe.     One  of  the  deep  wells  at  Riverside  (No.  278)  has  the  following  interesting  log: 

Log  ofwdL  at  Riverside. 

Feet. 

9.  Sand  and  silt 40 

8,  Blue  mud 45 

7.  Water-bearing  sand 60 

6.  G  ravel  sand 40 

5.  Soapstone  alternating  with  sand 220 

4.  Rock 1 

3.  Soapstone  and  rock 50 

2.  Green  sand  to  lignite  which  is  10  inches  thick 10 

1.  Soapstone  containing  mica  and  white  sand 180 

Total  depth 636 

Nos.  1  to  5,  inclusive,  are  strata  in  the  Wilcox,  while  the  upper  175  feet  belong  to  the 
Port  Hudson  formation.  The  370  feet  represented  by  Nos.  3,  4,  and  5  are  the  upper  clay 
of  the  Wilcox,  which  is  shown  in  the  Memphis  well  and  outcrops  in  the  river  bed  at  Grenada. 

Rankin  County. — Flowing  wells  are  not  possible  in  this  county,  except  along  Pearl  River. 
W^ells  in  the  southern  part  of  the  county  are  supplied  from  the  Grand  Gulf  formation.  The 
water  is  often  strongly  mineral,  as  it  comes  from  lignitic  clays  and  sands.  Strong  springs 
are  common  in  the  western  part  of  the  county.  Some  of  these  spring  waters  are  hauled  to 
Jackson  in  large  demijohns  and  sold  for  drinking  water. 

Seott  CouTUy.— About  half  of  this  county  is  prairie  land  of  the  Jackson  formation.  The 
town  of  Forest  is  in  a  belt  of  level  land  or  "flat  woods,"  5  to  10  miles  wide,  running  from 
the  southeast  to  the  northwest  corner  of  the  county.  When  water  is  found  in  this  prairie 
soil  it  is  very  unsatisfactory  for  drinking,  as  it  contains  a  large  amount  of  lime.  At  Forest 
one  well  is  reported  to  be  520  feet  deep.  This  failed  during  the  fall  of  1903  and  a  new  one 
was  drilled  later.  Here  and  there  over  the  prairie  are  hills  and  ridges  covered  with  rem- 
nants of  the  Lafayette,  which  furnish  excellent  water  in  shallow  wells  and  springs.  Good 
deep-well  water  can  be  obtained  from  the  Claiborne  horizon  at  500  to  700  feet.  In  some 
sections  of  the  county  the  water  will  rise  very  near  the  surface. 

Sharkey  County. — No  wells  are  reported.  Flowing  wells  are  not  to  be  obtained.  Good 
wholesome  water  from  the  Claiborne  horizon  would  be  reached  at  about  1,500  feet. 
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Simpson  County. — Water  is  obtained  from  the  Grand  Gulf  and  the  Lafayette.  Flowing 
wells  could  doubtless  be  obtained  along  Pearl  River  at  a  maximum  depth  of  500  feet. 

Smith  County. — The  elevation  is  high  and  the  water  is  poor  in  the  northern  part  of  the 
county.  Flowing  wells  from  the  lower  Grand  Gulf  are  obtained  in  the  southeastern  part, 
in  the  vicinity  of  Taylorsville.  The  deepest  (No.  281)  in  the  county  has  a  depth  of  1,135  feet. 
The  strata  passed  through  are  as  follows  (no  thicknesses  are  given):  Surface  clay,  sand, 
blue  sand  mixed  with  sand,  sand  rock,  blue  mud,  and  sand.  Water  was  obtained  in  white 
sand. 

Sunflower  County. — Only  two  wells  have  been  reported  from  Sunflower  County.  The 
temperature  of  the  Moorhead  well  (No.  287)  is  60®  ( ?).  The  Claiborne  horizon  lies  at  a  depth 
of  more  than  1,000  feet  in  the  western  part  of  the  county,  and  the  water  will  not  generally 
rise  above  the  surface.  In  eastern  Sunflower  County  it  is  possible  to  get  good  flowing  wells 
at  about  900  to  950  feet.  In  boring  for  water  a  depth  of  900  feet  on  the  eastern  border  of 
the  county  should  be  counted  on,  with  an  additional  25  feet  for  each  mile  to  the  west. 

TdUaJuUchie  County. — This  county,  like  Leflore  County,  which  lies  just  south  of  it,  has 
high  hills  in  the  adjoining  county  to  the  east.  Drillers  say  that  it  is  more  difficult  to  obtain 
flowing  wells  in  Tallahatchie  than  in  Leflore  County.  This  is  perhaps  due  to  two  causes. 
The  artesian  water  in  Leflore  comes  from  the  Claiborne  horizon,  while  that  in  Talla- 
hatchie comes  from  the  Wilcox.  There  is  also  a  possibility  that  the  water-bearing  sands 
underlying  Tallahatchie  County  may  be  much  finer  and  mixed  with  clay,  which  would 
make  the  water  horizon  less  certain. 

TcUe  County. — No  artesian  wells  are  found  in  Tate  County.  The  wells  in  the  e^istern 
edge  of  the  Yazoo  Delta  in  this  county  along  Coldwater  River  have  the  following  general 
section:  Surface  clay  15  to  20  feet,  gravel  12  to  15  feet,  red  sand  merging  into  white  sand, 
below  which  come  pipe  clay  and  water-bearing  sand.  East  of  the  delta  good  shallow 
wells  and  springs  are  found  at  the  base  of  the  Lafayette. 

Tippah  County. — ^The  eastern  part  of  Tippah  County  has  a  north-south  line  of  high 
hills  in  which  the  Ripley  formation  outcrops.  This  formation  furnishes  fine  water,  which 
has  not  been  found  to  rise  above  the  surface.  There  is  a  possibility  of  getting  flowing 
wells  on  Tippah  Creek,  in  the  western  part  of  the  county. 

The  outcrop  of  the  Midway  limestone  is  marked  by  a  line  of  springs,  the  water  of  which 
is  chalybeate.  It  obtains  its  iron  in  passing  through  the  sandy  nuirl  lying  above  the 
limestone. 

Tishomingo  County. — ^This  county  contains  numerous  springs  along  the  contact  of  the 
older  Devonian  and  Carboniferous  rocks  with  the  lower  Cretaceous.  The  luka  Springs 
are  noted  for  their  curative  properties. 

Tunica  County. — Flowing  wells  can  be  obtained  in  the  eastern  half  of  Tunica  County  at 
a  maximum  depth  of  875  feet.  The  water  will  probably  not  rise  above  the  surface  along 
the  western  border,  but  will  reach  within  an  easy  pumping  distance. 

Union  County. — Central  Union  and  north-central  Pontotoc  counties  contain  a  small 
area  of  artesian  wells.  The  source  of  the  water  is  the  lower  Ripley  sands  on  the  west 
slope  of  Pontotoc  Ridge,  in  the  eastern  part  of  these  counties.  The  catchment  area  of 
the  Ripley  is  comparatively  limited,  and  the  head  of  the  water  has  been  c-onsiderahly 
lowered  by  increasing  the  number  of  wells.  The  first  wells  at  New  Albany  had  a  very 
high  pressure,  but  most  of  them  now  have  to  be  pumped.  Water  is  generally  reached  at 
a  depth  of  less  than  250  feet. 

Warren  County. — Only  one  deep  well  is  reported  from  Warren  County.  This  is  the 
Vicksburg  well,  which  is  1,060  feet  deep,  and  in  which,  when  it  was  completed,  the  water 
rose  to  the  surface.  Wells  south  of  Vicksburg  obtain  their  supply  from  the  Grand  Gulf 
and  the  Lafayette;  those  north  of  the  town  from  the  Lafayette  only. 

Washington  County. — No  flowing  wells  are  reported  from  Washington  County.  The 
western  part  Is  too  far  removed  from  the  sources  of  the  water  to  obtain  flowing  wells, 
but  artesian  wells  should  lx»  obtained  in  the  eastern  part  at  a  niarimum  depth  of  1,200 
feet  and  perhaps  less.    Flowing  wells  are  obtained  at  Tchula,  in  central  Holmes  County 
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at  a  depth  of  about  770  feet.     If  we  assume  a  westward  dip  of  25  feet  per  mile,  the  same 
water  can  be  reached  at  Belzona  at  about  1,1^  feet. 

The  following  log  was  given  of  the  deep  well  (No.  307)  at  Leland.  This  well  is  512  feet 
in  depth  and  rises  to  within  14  feet  of  the  surface. 

Log  of  deep  well  at  Leland. 

Feet. 

Buckshot  clay 2 

Fine  sand 138 

Hard  gravel 14 

Hard  blue  clay 298 

Coarse  gray  sand 60 

512 

Water  was  obtained  in  the  last  60  feet  of  sand.  In  the  298  feet  of  hard  clay  there  were 
six  different  strata  of  rock  from  6  inches  to  2  feet  thictk.  The  driller  reports  that  these 
rock  strata  are  persistent  over  this  region  of  the  Yazoo  Delta.  In  some  wells  ten  or  twelve 
different  strata  are  found,  and  in  others  not  more  than  three  or  four.  The  maximum 
thickness  of  these  ro(;ks  is  4  feet.  The  driller  further  says  that  the  hard  gravel  is  very 
persistent,  is  always  found  at  about  the  same  depth,  and  is  never  less  than  10  nor  more 
than  14  feet  thick.  The  water  carries  9  grains  of  solid  matter  to  the  gallon,  7  grains  being 
soda. 

Wayne  County. — There  are  numerous  flowing  wells  along  Chickasawhay  River  in  Wayne 
County.  The  water  comes  from  the  Claiborne  horizon  and  is  usually  red  and  of  an  alka- 
line character. 

Well  No.  309,  at  Waynesboro,  yields  red  water,  which  contains  72  grains  of  sodium 
carbonate  to  the  gallon  and  considerable  iron.  All  the  wells  at  Waynesboro  start  in  a 
thin  sandy  layer,  possibly  Lafayette,  which  rests  upon  the  Vicksburg,  and  reach  the  lower 
Lisbon  beds,  from  which  they  obtain  red  water. 

Webster  County. — No  deep  wells  are  reported.    Water  is  supplied  from  shallow  wells. 

WUkinwn  County. — No  deep  wells  are  reported.  Water  Ls  supplied  from  shallow  open 
wells. 

Winston  County. — Plenty  of  water  is  obtained  from  the  Wilcox,  but  at  many  localities 
it  is  very  bad,  owing  to  the  great  amount  of  lignitic  clay. 

Yalobtisha  County. — ^There  are  two  artesian  areas  in  Yalobusha  County,  one  in  the  vicin- 
ity of  Coffeeville  and  the  other  at  Water  Valley,  but  there  are,  no  doubt,  other  undeveloped 
areas  along  the  lower  streams.  The  source  of  the  artesian  water  at  the  above-mentioned 
places  is  the  lower  division  of  the  Wilcox. 

There  are  eight  flowing  wells  in  the  town  of  Coffeeville  and  three  others  near  the  city 
limits.  They  range  in  depth  from  160  to  400  feet.  The  log  of  well  No.  315  showed  40 
feet  of  surface  sand;  100  feet  of  greensand;  then  gravel,  lignite,  and  sand  to  water,  which 
was  obtained  at  238  feet.  Where  the  water-bearing  sand  was  encountered,  the  drill 
dropped  8  or  9  feet  into  it.    This  is  a  white  sulphur  water  and  is  said  to  be  wholesome. 

Wells  are  easily  obtained  in  Shooner  River  Valley,  and  the  drillers  guarantee  a  flowing 
well  at  a  cost  of  $100. 

Yazoo  County. — One  of  the  deepest  wells  (No.  319)  in  the  State  was  recently  drilled  at 
Yazoo.  It  failed  to  get  flowing  water  at  a  depth  of  1,567  feet,  though  there  are  flowing 
wells  in  the  town  of  less  than  half  that  depth.  The  temperature  of  one  of  the  flowing 
wells  southwest  of  town  is  reported  to  be  70°  F. 
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PaHial  list  of  deep  weiU 
(Reported  to  the  IJnitM 


No. 


•9 
♦10 

♦11 

*12 

13 

14 

15 

16 

♦17 
♦18 

19 
*20 

♦20a 

21 
♦21a 
♦22 
♦23  ' 
♦24 

♦25 

♦26  |, 
27  I, 
28,' 

♦29 


County. 


Adams. 


.do. 
.do. 
.do. 


do 

....do 

....do 


.do. 


....do 

Alcorn 


....do.. 
Attala.. 
Bolivar. 


do.. 

....do.. 
Carroll.. 


.do. 
.do. 


....do 

Chickasa*v. 


Choctaw.. 
Claiborne. 

Clarke 

....do.... 
....do.... 


.....do... 
...do... 
....do... 
....do... 
...do... 


♦31 

32  I 


.do. 
..do. 
..do. 


Town. 


Natchez. 


.do. 
.do. 
.do. 


....do 

....do 

....do 


.do. 


Pine  RId£5»»  - . 
Corinth 


....do 

Kosciusko.... 
Cleveland. . 


....do 

O'BeiUy  .. 
Carrollton . 


.do. 
.do. 


Vaiden... 
Okolona. 


.do. 


Chester 

Herman  ville.. 

Barnctt 

....do 

DcSoto 


Owner. 


Wa-tOJCworksCo. 


Oil  mills 

Gas  Company 

Electric  Light, Heat 
and  Power  Co. 

C.S.Bennett 

Cotton  mills  No.  2. . 

Natchez  ice  factory 


Location. 


.do. 


W.P.Henderson. 
£.8.  Candler 


Waterworks  Co . 

A.  M.  Hanna 

Sillers  &  Owens. 


C.S.  Glassco.. 

O'Reilly 

A.  H.  Qcorge. 


City 

Waterworks  Co. 


S.E  Turner. 
City 


Mobile  and   Ohio 
Railroad. 

J.  T.  McCaffcrty 

W.  G.  Herrington... 

A.  Krouse 

Smith's  Mill  Co 

Town 


Enterprise do 

.do R.M.  Buckley. 


.do. 
.do. 
.do. 


John  Kemper . 

Bonny 

S.J.Taylor.... 


19 


17 


do Mrs.  O'Ferral . 

Quitman i  J.B.Evans 


.do Mississippi  Lumber 

I   Co. 


1901 


14  23 


1899 
1902 
1902 

1902 

1896 
1900 

1903 
1899 
1901 

1901 

1901 


1900 
1900 


1901 
1899 


1892 
1878 
1899 
1902 
1888 

1895 
1896 
1901 
1901 
1900 

1900 
1896 
1899 


Feet. 
340 

170 
165 
430 

115 
175 
517 

300 

97 
100 

345 

276 

1,000 

1,000 

1,002 

85 

,250 
40O 

105 
550 

548 

86 


600 
190 

156 
198 
150 
200 
210 

400 
232 
179 


l> 


l^  i^ 


Feet.'  Fret. 

-  :« 


-  301 

-  10 
-160 


115  -  So : 

-     8i 

■     8 

3b 


500 
264  ; 


85     -  S5 
100    -  30 


-  3U 

200    -  7ri 
1,000    +    0 


1,000   +    0 
+    0 


70 


l"l 


400   4-    0 


105 

+  12 

550 

- 

80 

473 

- 

22 

80 

_ 

m 

75 

'- 

75 

125 

- 

■■;» 

+ 

3 

150 

+ 

30 

_ 

2 

150 

+ 

15 

+ 

10 

210 

3 

210 

_ 

30 

232 

+ 

15 

179 

+ 

30 

*  See  text,  pp.  27-20,  (or  additional  data. 
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IX  MISSISSIPPI. 

in  the  Stair  of  Mississippi. 
States  Geological  Survey. I 

I 


How  ol>- 
tained  at 
surface. 


,  Quality. 


I 
Tump j  Hard. 


\Q<iU. 


.do. 
.do. 
.do. 


.do. 


Increase  or 

decrease  of 

supply. 


Effect  of  pump- 
ing on  level 
of  water. 


Bucket 

Pump 

do 


Compressed 
air. 


I 


None   appar- 
ent. 

Neither 

....do 


Bucket . 
I^ump . 


.1  None   appar- 

I  I     ent. 

Good... Neither. 

Hard  ...I ' do. 

...do...' 


None  apparent. 
....do 


Geologic 
horizon  of 
well  mouth. 


Lafayette. . 


Loess.. 
....do. 
....do. 


Pulley Hard...  i do Easily  lowered. 

Bucket \ f None 

None . . 

do. 

Flows Soft, al-i         i   Decreased. 


....do. 
Pump. 
Flows. 
...do. 
Pump . 


I 


Soft,  al- 
kaline. 

Soft 

...do... 

...do... 

...do... 

...do... 


do I do...  . 

Flows !....do... 

do '    ,,do... 

i  I 


Slight.. 

Decreased.... 

Little 

....do , 

Decreased 
slightly. 

Decreased 


Lowers  easily. 


Geologic  horl-     \ 
£on  of  principal     No. 
water-bearing 
stratum. 


Grand  Gulf. 


Base  of  Lafayette 
Lafayette. . 
Grand  Gulf 


do Wilcox 

do i  Grand  Gulf. 

Jackson |  Claiborne . . . 

do do 

Claiborne ...  I do 


Wilcox . 
....do.. 


Slight 

Easily  lowered. 


Variable do 

iit: --..ttlOti..'-- 


AUuviol  soli 
Lafayette. . . 

Alluvium...! do 

Lafayette do 

do do 


.do. 
.do. 
.do. 


.do. 
.do. 
.do. 


♦2 

3 

♦4 

5 
6 
7 


♦10 

♦11 

♦12 

13 

14 

15 

16 

♦17 

♦18 

19 
♦20 

♦20a 

21 
♦21a 
♦22 
♦23 
♦24 

♦25 

♦3» 

27 

28 

♦29 

30 
♦31 
32 
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Partial  list  o^derp  irtlk 


County. 

Town. 

Owner. 

Location. 

i 

1 
■s 

u 

I 

5 

m 

No. 

, 

, 

•33 

Clarke 

do 

.do 

Quitman 

Shubuta 

....  do 

Town *. 

2 

15 

1 

1898 
1896 
1901 

1902 
1900 
1901 
1902 
1900 

1901 

1901 
1897 
1900 
1896 
1900 

1899 

1900 

1901 

In. 
3 
2 
2 

6 
2 
2 
2 
2 

2 

2 
2 
2 
2 
2 

2 

2 

2 
2 
2i 

3 

Feel, 
175 
400 
422 

420 
400 
400 
170 
165 

175 

160 
145 
165 
280 
175 

165 

175 

165 
170 
300 

600 

650 

825 

876 
800 

975 
120 
630 
738 

750 
529 

250 

338 

669 
328 

Feet.  Feet. 

175  .+  15 

t34 

...do 

1+  15 

•35 

Weems... 

400  '+  :& 

36 

do 

do 

do 

do 

do 

do 

do 

do 

W.  P.  Cooper 

375  +  :» 

37 

W.H.Paterson 

400  ,-•-  2n 

38 

F.IL  Floyd 

1 

400  I  +  20 

39 

D.C.Ward 

+  10 

40 

do 

do 

do 

do 

W.  P.  Cooper 

+    0 

41 

Moseley 

160  ,4-  10 

42 

....do.. 

do 

Patterson 

+  10 

•43 

do 

do     . .    . . 

Cooper's  mill.. 

-  20 

44 

do 

.do 

Stovall 

+  15 

•45 

do 

do 

do 

do 

A.  Johnston 

25 

280   4-  a) 

44t 

Eggerton 

+  10 

47 

do 

do 

Floyd  Hotel 

+  10 

48 

do 

do 

Poole  &  Brown 

4-  10 

49 

do 

do  ...  ... 

Brown's  mill 

4-  10 

SO 

do 

.do  

Leggett 

1902 

+  10 

51 
•52 

do 

Clav 

Stonewall 

West  Point. . . 

Cedar  Bluffs .. 
Eagles  Nest. . . 

Clarksdalo.... 
Jonestown 

Lyon 

T.L.Wainwrlght.... 
City 

3    15E 

1897 
1895 

250+30 

1 
600   +    1 

650  -100 

•5?a 

do 

Coahoma 

do 

do 

do 

Copiah 

Grenada 

Hancock 

do 

do 

53 
•53a 

James   L.   Alcorn's 
estate. 

Town. 

28 

3 

22 

1898 

1897 
1902 

loni 

1| 
24 

2 

4 
36 

825+0 
876  +  10 

54 
•55 

Geo.  Richberger 

Lamar  Fontaine 

Dr.  E.A.Rowan 

Citv 

28 

27N 
9 

6 

3W 

8£ 

18 

700  +    0 
970+35 

•56 
•56a 

Wesson ^. 

Grenada 

Bay  St.  Louis 

do 

34     1890 

120  -100 
490+0 

•57 

College 

1888 

1892 
1901 

1888 

1806 
1890 
1903 

3 

3 
3 

2 

3 
3 
3 

\*i 

•58 

do 

-^  42 

♦59 

do 

do 

do 

do 

do 

do 

do 

de 

R.E.Craig 

+  IT 

•60 

G.W.Dunbar  Sons' 
Co. 

do 

+  -3) 

•61 

+  35 

♦6? 

do 

do 

Dr.  F.  Locber ...J  . 

656+40 

•63 

McClyde      Turpen- 
tine Co. 

1 

+  i> 

1 

•  See  text,  pp.  28-30.  for  additional  data. 
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'     How  o*i>- 

tjiined  at 

1     surface. 

Quality. 

1 

a 

I 

1 

CO 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horison  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

1  Flows 

Soft .... 
....do... 

Gal9. 

3 

20 

Variable 

Lafayette  . . 

Jackson 

Jackson 

do 

Wilcox 

•33 

.  ..do 

Decreased 

Claiborne 

Claiborne 

do 

♦34 

'         do 

do. 

None   appar- 
ent. 

do 

*S6 

.do 

....do... 

40 
40 
40 
15 
15 

15 

15 
20 
10 
15 

.'' 
10 

10 

10 
15 
25 

36 

....do 

do 

do 

do 

do 

..  ..do. 

37 

do 

do 

Soft 

..  .do     . 

do 

do 

^ 

do 

do 

38 
39 

!       .do 

....do. 

Deere  ased 
slightly. 

None   appar- 
ent. 

do 

do 

do..  .. 

40 

do  .   .  . 

do 

• 

do.     . 

..  .  do 

41 

do 

....do... 

do 

do 

4B 

do 

do 

do.  .. 

.     .do 

*43 

Flows.  .... 

do.   . 

do 

do 

do 

44 

do 

....do... 

Decreased 

' do 

do;:::::::::: 

*45 

,  .    .do 

....do... 

None  appar- 
ent. 

Slight    de- 
crease. 

None   appar- 
ent. 

do 

do 

do 

46 

do 

....do... 

do 

do 

47 

do 

....do... 

do 

48 

1       .do 

....do... 

do 

do 

4B 

1 do 

....do... 

do 

do 

do 

50 

do 

....do... 

Decreased  25 
per  cent. 

None  appar- 
ent. 

Lafayette... 
do 

Wilcox 

61 

...  .do 

Best 

Tuscaloosa 

do 

■*G3 

Selma. 

52a 

1  Flows.    ... 

Soft 

do 

8 

3 
8 

22 

None  appar- 
ent, 
do 

Alluvium?.. 
do 

Wilcox 

53 

1         do 

*53a 

do 

do   . 

.  ..do 

River    bot- 
toms. 

Port  Hudson 

I^fayette. . . 

do 

Wilcox 

54 

1 

do 

do 

....do.. 

do 

♦55 

Pump 

1  Flows.    .-  . 

Hard ... 

Neither 

Slight 

Grand  Gulf 

Wilcox. 

•56 

*56a 

do 

Soft 

.  do... 

8 

5 
100 

35 

100 
40 
20 

Decreased 

Post-Terti- 
ary. 
do 

♦57 

! 

do 

..  .do 

*58 

' do 

....do... 

None  appar- 
ent. 

....do 

do 

Post-Tertiary... 

do 

do 

•59 

.  ..  do. 

...do. 

do 

•60 

do 

do 

do  ..  . 

.do 

«ei 

....do 

do 

do 

«62 

1 do.     . 

.    do- 

None  appar- 
ent. 

do 

Poat-Tertiary.... 

•63 

1             

iBR  159—06- 
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Partial  list  of  deep  vtlh 


County. 

Hanoook 

do 

Town. 

Owner. 

Location. 

u 

B 
8 

u 

I 

1892 
1889, 

1888 
1888 

1893 
1903 
1889 

1886 
1895 

1891 

o 

2 
g 

G 

■;: 

3 
3 

2 
2 

2i 
4i 
2i 

2 
2 

2i 

3 
3 
3 

24 

2i 
3 
3 

3 
2i 
3i 

24 

24 

24 

2 
44 
2 
3 
2 
24 
*h 
24 
34 

24 
2 

24 

3 

24 

44 

1 
o 

Feet. 
385 

384 
420 

11 
IS 

1 

c.  - 

Is-- 
ii'i 

til 

No. 

1 

s 

c 
o 

1 

*64 

Bay  St.  Louis, 
do 

Chaa  Sanser 

Feet. 
385 

361 

F(ft. 

+  15 

*65 

....do 

+  ;w 

♦66 
♦67 

do 

do 

/St.  Stanislaus  Col- 
\    lege. 

St.  Joseph's  Acad- 
emy. 

R.Th€lhiard 

I... 

f  l»l  .-  3) 

.  ..do 

do 

1 

418  j     418+20 

68 

.do 

do 

345       315   +  13 

*60 

do 

do 

Tallv  Lumber  Co..  . 

150 +  23 

70 

do 

Ix)gtown 

Nicholson 

Picayune 

Waveland.... 

do 

Bush  ft  Johnson 

620    +  35 

♦71 

do 

do 

do 

do 

D.  Carver  

6 
6 

17 
17 

34 
15 

250       225+0 

72 
*73 

J.W.Simmons 

P.Helwig 

500       500+25 
356    +  15 

♦74 

Mr.Bookta 

3»> 
438 
376 
483 
461 
432 
620 

715 
580 
920 
560 
600 
420 
414 
860 
420 
720 
420 

] 
320+0 

♦75 

do 

do 

do 

do 

A.  Matranger 

1*894 

419  if  15 

♦76 

F.  Caseneu  ve 

357  1+   1.) 

77 

do 

do 

do 

do 

do 

do 

M.A.Dauphin 

1889 
1888 

1 
467   +  Zi 

♦78 

T.R.Fell 

410   +  3) 

79 

Paul  Conrad 

1889 
1886 

1902 
1896 
1894 
1896 
1806 
1889 
1889 
1889 
1891 
1895 
1885 
1885 
1886 
1886 

412  i+  U. 

80 

Harrison 

Biloxi 

do 

Barataria  Canning 
Co. 

Biloxi  Canning  Co . . 

81 
82 
83 

do 

1 
+  K) 

do 

do 

Biloxi  Cemetery .... 

+  3.') 

..  ..do 

do 

Biloxi  Ice  Co 

+  75 

84 

do 

do 

do 

do 

Jno.  Caraway 

+  30 

85 

Mrs.  Carter. 

'+  3d; 

86 

do 

do 

City 

+  25  ' 

87 

do 

do 

do 

+  20 

88 

do 

do 

do 

+  S) 

89 

do 

do 

do 

do 

F.H.Dunbar 

+  20 

90 

Tho8.Gill 

'f  70 

91 

do 

do 

H.  Howard 

.....!+» 

92 

do 

do 

do 

do 

F.T.Howard 

1 
415       400+30 

93 

do 

920    '+  « 

94 

do...:.... 

do 

do 

420  '    410  I4-  30 

95 

do 

do 

Ice  factory 

890 

650 
600 
620 

...U« 

96 

do 

do 

E.CJoullian.. 

1901 
1886 

1 

+  m 

97 

do 

do 

L.  Lopez 

...  f  2^ 

98 

do 

do 

do 

1886 

.  +  f'v 

99 

do 

do 

do 

1897 
1886 

TOO  !            •»-  ^ 

100 

do 

do 

J.H.Keller. 

430 
860 
690 

...  +  .V 

101 

do 

do 

Waterworks  Co ! . . . 

+    .M 

lOlS 

do 

Bond 

J.E.North I...J.... 

530!-l«0 

♦See  text,  pp.  30-31.  lor  additional  data. 
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Howol>- 
tained  at 
surface. 


.do. 
.do. 


....do. 


.do. 


do.. 

do.. 

do.. 

do.. 

do-. 

do.. 

do.. 

do-.. 

do.. 

do.. 

I do.. 

I do.. 

do.. 

I do.. 

i do.. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


QuaUty. 


Flows Soft.. 


.do 

.do 

....do 
....do 

do 

....do 

do 

do 

do 

....do 

.do... 
.do... 


....do... 


.do. 


...do... 
...do... 
...do... 
...do... 
...do... 

...do do. 

.do do. 


..do. 
..do. 
..do. 
..do. 
..do. 


....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 


.do. 
-do. 
.do. 
.do. 
.do. 
.do. 
.do. 


Oah. 
5 

30 
40 

40 

45 

100 


27 

25 

75 
30 
30 
25 
30 
30 
ISO 

125 
70 

300 
70 
60 
SO 
35 

425 
40 

ISO 
50 
40 

175 
SO 

300 

100 
SO 

100 

175 
60 

450 


Increase  or 

decrease  of 

supply. 


Fluctuatea. . 


None   appar- 
ent. 
....do 


.do. 


....do.., 

do... 

....do... 
Neither. 
....do... 


None  appar- 
ent. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.....do 

do 

do 

....do 

do 

do 

....do 

do 

....do 

...-do 

....do 

....do 

....do 

No  change 

None  appar- 
ent. 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


Effect  of  pump- 
ing on  level 
of  water. 


Geologic 
horizon  of 
well  mouth. 


Post-Terti- 
ary. 

....do 


.do. 


.do. 


Geologic  hori- 

Eon  of  principal 

water-bearing 

stratum. 


No. 


Post-Tertiary . 


.do. 


..do... 

.  .do Post-Tertiary.. 

' do Grand  Gulf; 

Port  Hudson   Grand  Gulf. 
Post- Terti- 


ary. 
...do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do 

.do 

.do 

.do 

.do 

.do ' 

.do I  Grand  Gulf. 


I 


*64 

•65 
♦66 

*67 

6d 
•68 

70 
♦71 

72 

•73 

•74 
•75 
•76 
77 
•78 
79 
80 


83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

96 
97 

gs 

99 
100 
101 
101a 
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104 
105 
106 
107 
106 
109 

no; 

111  ! 

I 

♦112  ' 


*130 
♦131 
♦132 
♦133 
♦134 
♦135 

♦137  ; 


I 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 

.do. 


114 
114a 

do 

do 

115 

do 

116 

do 

117 

do 

118 

do 

119 

do 

120 

do 

121 

do 

♦122 

do 

♦123 

do 

♦124 

do 

♦125 

do 

♦126 

do 

♦127 

do 

♦128 

do 

♦129 

do 

....do. 
....do. 
....do. 
....do. 
....do. 
....do. 
....do. 


Owiwr. 


.do. 


Ix)c«tion. 

1 

1 

1 

^ 

& 

^ 

1 

— 

— 

Ol  ^ 

B 
g 


W.S.  Keel 8     13 


U.  S.  Marine  Hospi- 
tal, Ship  Island. 

.do I  Ice  factory 

..do '  Chautauqua  Circle.. 

..do I  G.«5:S.I.R.R 

..do I do 


do 

Handsboro. 

....do 

....do 


Ilowison . 


Longboach . . 


do 

Lyman 

Missi  8  8  i  p  p  i 
City. 

do 


....do 

Zimmerman . . 

IL  Leinhard 

Leonard      Lumber 
Co. 

Howison  Lumber 
Co. 

F.Jahenski 


7     11 


McCaughn. 

City 

F.W.Elmer 


L.&  N.R.R 


do Mr.  Clemaceau. 

....do C.  P.  Ellis 

I 
do Mr.  De  Buys... 

do Mr.  Soria 

Nugent 


Pass  Chris- 
tian. 


.do. 
.do. 
.do. 
.do. 
.do. 
.(io. 
.do. 


.do 

.do 

.do 

.do 

.do 

.do 

.do 


.do. 


R.  M.  Walmsley . 

Wm.  Hardin 

C.  L.  Chaptal..., 

A.  Swanson 

E.  Saunders 

City 

do 

....do 


....do 

....do 

....do 

G.  H.  Taylor.. 

....do 

E.  Conneryjr. 
L.C.Tallon... 


1900 

1891 
1891 
1896 
1899 
1903 
1896 
1896 
1895 

1897 

1896 

1897 


■6 

f. 

-: 

9 

o 

> 

h 
^ 

*o 

9j 

a 

OS 

Qt 

Q 

Q 

In. 

Feet. 

2 

380 

3 

760 

'A 


1896  I  4i 
1885   2 


1896 
1895 
1885 
1902 
1902 

1892 
1892 
1892 
1884 
1885 
1887 
1893 

1890 
1890 
1890 
1898 
1898 
1886 
1901 


A.  Mullinburger |. 

♦See  text,  p.  31,  for  additional  data. 
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3 

3  ^  720 

2i  640 

2  j  514 
2i  300 

3  720 


O  i*      C  C^ 


Feet  ,  Fret. 


2i     540 

3  I    680  ' 


680  ; 
920 : 


4J  960 

2i  500  ' 

2J  700  ' 

3  700  I 

2  ;i,480 

2|'    580 


+5r) 

+  25 
+  30 

+2'i 

+::. 
+  >*' 
+  ij 

+20 


1,400      -;i5 
+25 


480 
860 

520 


+:« 

375    

850  '        0 

+Jt) 


+J4I 

+75 

+a) 

'  +21' 

300  ^  +;«) 

'  +5t) 


3       620 
2\     543 


2i|    560    '  4.«> 

2  '     575    i   +25 

2  I     420  ' I   +:in 

2i|     520  ' +35 

+  3") 

+  N) 
+  •«» 
+  ■-'7 
+  S1 

+  ;c. 
+  *• 


640 
625 
840 
420 
725 
520 
640 


510 


2il  514  1 +«t 
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i 

'     How  ob- 
tained at 
surface. 

[ 

Quality. 

1 

s. 
1 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Flows 

Soft.... 
....do... 

OaU. 
25 

None   appar- 
ent. 

do 

Post-Tertl- 
ar>'. 

do 

Lafayette 

Grand  CSulf 

♦102 

do 

103 

1 
do 

....do... 

60 
80 
60 
150 
176 
60 
100 
175 

0 

60 

70 

do 

do 

104 

'■ do 

.-..do... 

do 1 

do 

105 

do... 

.      do... 

.do  . 

do 

106 

do 

....do... 

..  ..do 

do 

107 

do 

....do... 

do...:....' 

do ! 

do 

108 

do 

....do... 

do 

109 

do 

....do... 

do 

do 

110 

do 

....do... 

Variable 

Alluvium... 

Pascagoula 

111 

•112 
113 

Flows 

Soft.... 
....do... 

None   appar- 
ent. 

do 

. 

Post  Terti- 
ary. 

do 

do 

^ 

114 

do 

Grand  Gulf 

..  .do.   ...  .•.  .. 

114a 

Plows. 

Soft.... 
....do... 

450 

50 

160 
150 
70 
50 
60 
150 

170 
60 
70 
60 
40 
50 
40 

150 
150 
225 
25 
200 
60 
80 

50 

None 

do  .    .   . 

115 

.  ...do 

None   appar- 
ent. 

do 

do 

116 

' do...     . 

....do... 

do 

117 

do 

....do... 

do 

do ' 

118 

do 

do 

..do 

do 

119 

do 

....do... 

do 

do 

120 

do 

....do... 

do 

121 

do 

....do... 

do 

Post  Terti- 
ary. 

do 

♦122 

do 

....do... 

Little 

♦123 

do 

do 

..do 

do 

♦124 

do 

do 

do 

do 

♦125 

do. 

.do     . 

do 

do 

♦126 

do 

....'do... 

do 

do 

♦127 

...    do 

do 

.    do 

do 

♦128 

do     ..  . 

....do.. 

None   appar- 
ent. 

.do  . 

do 

♦129 

--  ..do 

.  .do 

do 

♦130 

do..   .  . 

....do... 

do..  .      . 

do 

♦131 

do 

.-..do... 

do 

do 

♦132 

do 

do... 

do 

do 

♦133 

1 do 

do 

..  .-do 

do 

♦134 

1 
do 

.  ..do... 

None 

do 

Grand  Gulf?.... 

♦135 

I do 

....do... 

None  appar- 
ent. 

do 

do 

♦136 

, do 

....do... 

do 

♦137 
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Ho, 

Coimtj. 

Tnwti. 

Ownpr. 

Lfl 

1 

It 

catli 

i 

at 

an. 

t 

2 

u 

J_ 

ISM 

im 

IBM 

im 
tm 
ims 
im 
ifioa 

1880 
1S»I 

1^ 

IP03 
1902 

1 

1 

'J 
1 

O  O.S2 

♦LW 

Harriaon  . 

do ..„ 

Pmh  ChrU- 
Uau. 
...do     .... 

W.  R.Wlijwn....... 

/a- 

n 

3J 

3 
2i 
24 
2 

n 

2 
3 
3 

n 

H 

n 

3 

Feet. 
510 

670 
510 

020 
514 
620 
520 
520 
600 
600 
540 
540 
920 
1,020 
900 
614 
750 
720 

836 

604 
200 

1,517 
375 

500 
80O 

800 
265 

1,125 
770 
160 

720 

625 
560 

900 
1,560 

Feet. 

Feet. 
4-  25 

n3& 

Mrsi.  Wiitt 

!+  75 

*im 

,.-.,do.. 

.__do 

.....do 

..      do       .      . 

E. (-onneryj^r,   ...  . 

+  50 

♦141 

Jnn.  f!i?rTfl,Ti 

+  40 

#142 

do 

..„.do .... 

Jno.  A.Sutter     ..... 

+  45 
+  40 

^1«l 

.....do 

do 

do 

do 

S.  F.  HeasUp 

*144 

E.nwAdny........^ 

;  ■        1 

■+  30  1 

^I'iS 

.  ..do........ 

.      .do. 

MexIciintJuJf  Hotel. 
J.  H.  Muniri} 

,         1 
:+  30  , 

*11fi 

do 

do 

i+mI 

*14T 

do... 

_...do 

H.BdddJff 

'+  25  1 

♦US 

do..„„.. 

do. 

do 

,....do........ 

.....c]o.„„... 

..do. 

J.M,  Ayer 

!+  25  . 

*I60 

do 

Vaus  l^iLeklJig  Co 

.... 

.... 

I+2S 

+  80  1 

*151 

do... 

.„_cIo ' 

Dortnr  Terault 

1      80 

*152 

do 

do........ 

MagnollA  HotoL 

'+  89  ! 

•isa 

do...,,... 

do........ 

.....do. 

.....do 

Hinds........ 

do 

,....(lo... 

HoIiiDW....... 

do........ 

.^,..rto.. 

do........ 

do 

.....do........ 

do 

.....do 

JflTkson 

.....do 

.....do... 

aiilp  Island... 
SaiM*lPr ►- 

WortHarti  . . . . 

Jnckson.,.. ,, 
do 

Bollon_,.„. 
Durftiit.,.,.., 

.....do 

Crogr-r.,,.,.,. 

I^fOilngton .... 
Plukenfl....... 

Tehula , 

.....do........ 

Wnst 

H.  Pnyni".. 

t+30. 

i5aH 

Gtjv.  llght-houMi . . . . 

1         ; 

700  '+ 

154 

HLloxj  LuniU'riind 
Export  Co. 

J.C.Wnmotli. ...... 

Icn  fiictory.......... 

1807 
1902 

im 
lyou 

1            ■ 

1^ 

1J» 

ft 

12 

1 

786 

+  15 

-  58 

157 

*157a 

City-, 

— 

180  ;-120 
1,020  ,-  80 

15S 

I.C.R.  R..., „. 

; 

+     0 

15§1L 

City,. 

lfi07 

500    +     1 

15Hh 

Ed-  Arohw _ 

17 

2fJ 

TOO    -+- 

t.'i^E 

G.  A.Wllion. 

and 
800 

265 

1 

♦iSft 
*lfiO 

W.  S,  Gordon*...... 

City.... 

12 

a 

lo 

mil 

ipm 
lotrj 
mi 

1^ 

1003 
1002 

-*-  -1 

lai 

*\S2 

W.  B.  Jones. 

Dr.  L.S.  Rogers 

1. B.Carson  „».,.... 

15 

A 

5 

"»j ' 

150  U-    K-> 

•i«a 

Fonlilneblavd 
,.,..do 

1 
700    4-  ^ 

»lfl4 

A.  E.  Lewla .,.. 

600    +    40 
!+   25 

ms 

do........ 

.....do 

Mo9A  Point.,. 
do........ 

Dant^Lpr  Lnmlier... 

*lftfl 

Co. 
Denny  LutnlteF  Co, . 

1 

-h   20 

*lfl7 

,,.._<io .. 

.....do...,.,.. 

F.IL  Lewis 

- 1 

650|-h  50 

*  See  text,  pp.  31-33,  for  additional  data. 
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How  ob- 
tained at 
surface. 

QuaUty. 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
ol  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 

No. 

Flows 

do 

do 

Soft.... 

....do... 
....do... 

OqU. 
60 

170 
SO 

100 

60 

70 

.  50 

60 

60 

» 

50 

50 

250 

250 

250 

60 

50 
0 

75 

35 
30 

None  appar- 
LltUe 

Post  Terti- 
ary. 

do.   .. 

♦138 

*130 

None  appai^ 
ent. 

do 

do 

«140 
*141 

do 

....do... 

do 

do 

....do... 

do 

do 

*142 

do^ 

....do... 

do 

do 

*143 

do 

do 

....do... 
..-.do... 

do 

do 

do 

do 

♦144 
♦145 

do 

....do... 

do 

do 

*146 

do 

..    do.. 

do 

.do 

*147 

do 

....do... 

do 

do 

*148 

do 

....do... 

do 

do 

Post-Tertiary . . . 

*14D 

do 

....do... 

do 

do 

*150 

....do.. 

....do 

..  ..do 

♦151 

1  Flows 

....do... 
....do... 

do 

do 

Pascagoula  marl. 

♦152 

' do 

do 

do 

♦153 

Flows 

Recent 

Pasoagoula 

153a 

164 

do 

St«ampump 
do 

do 

Flows 

Soft.... 

Good... 
Hard... 

Soft 

Decreased 

Uttle 

Lowered 
slowly. 

Slight 

Lafayette? . 
do 

Pascagoula 

Upper  aaibome. 

Under    Jackson 
marl. 

WUcox 

155 
156 

do 

None.   . 

.....do 

do 

167 

None 

Grand  Gulf. 

Second  riv- 
er bottoms. 

Lafayette . . 

Port   Hud- 
son. 

do 

♦167a 

....do... 

None  appar- 
ent. 

do 

158 

.do 

...  do.. 

Claiborne 

..  ..do 

158a 

t           .do 

90 

None 

158b 

..do 

do 

158c 

...do 

Hard... 

Soft.... 
....do... 

12 

130 

200 

20 

70 

60 
40 

25 
400 

None  appar- 
ent. 

do 

Second  riv- 
er bottoms. 

do? 

♦150 

..do 

♦160 

do 

None... 

161 

do.. 

..    do. 

None  appar- 
ent. 

do 

Lafayette 
sand. 

Post     Ter- 
tiary. 
do 

Wilcox 

♦162 

.do 

....do... 

Pascagoula...... 

do 

♦163 

do 

do 

do 

♦164 

do.. 

.    do.. 

..do..  . 

....do 

do 

165 

Flows     .   . 

Soft.... 
Hard... 

do 

do 

♦166 
♦167 

do 

Neither 

Grand  OuU? 
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Partial  list  of  deep  welU 


County. 

Town. 

Owner. 

Location. 

1 

1 

1 
■s 

u 

!_ 

In. 
2) 

1\ 

2k 

No. 

H 

, 

1 

^168 

Jaoknon 

do 

Ocean  Springs 
do..   . 

J.J.Kuhn 

- 

1891 
1885 
1885 

169 

A.A.McGlnnes.    ... 

170 

do 

do 

N.B.Smith 

♦171 

do 

do 

Wm.  De  Pass 

1808       2\ 
1901       2\ 

1901  2\ 
1888      2i 

1902  .    24 

172 

do 

do 

Chas.  Zelgler 

173 

do....:... 

do 

do 

do.   .. 

Mr.  Sullivan 

174 

J.  Feitag 

175 

do 

do 

John  Blank 

176 

do 

do 

Captain  Benson .... 

1890 
1901 

1897 

1903 

1903 
1897 
1891 
1902 
1902 

1902 
1901 

1900 

2i 
3 

4 

8-4 

3 
6 
2i 
6 
6 

6 
8 

6 

♦177 

do 

....  do 

People's    water- 
works. 

Geoi]ge  Rose 

♦178 

...  .do 

.    do  .. 

♦179 

...  .do 

.    do 

George  Rose,  of  New 
York. 

Electric  loe  Co 

♦180 

do 

do 

♦181 

do 

do 

Jones 

Scranton 

do 

Ellisville 

Laurol 

do.   . 

City 

♦182 

F.  5.  Lewis 

♦183 

Coijnty 

7 

12 

5 

♦184 

do 

do 

Kingston    Lumber 
Co. 

Cotton  mills 

Waterworks 

Eastman,   Gardner 
<bCo. 

City 

186 

9 
9 

9 

11 
11 

11 

32 
32 

32 

♦186 

do 

do 

187 

do 

..  ..do 

187a 

Kemper 

Lalayette.... 

do 

Forrest 

Oxford 

188 

do 

8 
8 

3 
3 

28 
28 

1806 
1897 

10 

8 
6 

189 

..  .do 

University 

189a 

Lamar 

Lauderdale. . . 

do 

do 

do 

Lumberton... 
Lauderdale . . . 

Meridian 

Lauderdale... 

do 

ninton  Lumber  Co . 
M.&O.R.R 

City 

♦190 
190a 

8 

17 

24 

1902 

191 
♦192 

John  Nunnery 

M.  Smith 

8 

8 
8 
8 
6 

6 

17 

17 
17 
17 
14 

14 

24 

24 
24 
24 
33 

33 

1902 

1901 
1901 
1901 
1902 

1902 

1902 

2J 

2 
2i 
6 
3 

3 

5 

193 

do 

do 

John  Nunnery 

M.  &  0.  R.  R 

Meehan  -Rounds 
Lumber  Co. 

...do 

♦194 
195 

♦196 

do 

do 

do 

do 

Meehan  Junc- 
tion. 
do 

♦197 

do 

Meridian 

City 

m 


Feet. 
880 


Ftft.  i  Feet.  \ 
,  +S0  ■ 


+  40  1 


514 

;+» 

520 

+30 

560 

+30 

540 

+2^i 

525 

+30 

550 

+50 

550 

'  +50 

965 

+75 

900 


866 
800 
720 
1,300 
365 

210 
370 


900  I 


+  16 


'  +43 

'  +30 

350  -20 

325  I  —10  ^ 

200      -40 

370  ;   -40 


215 

200 

-40 

219 

217 

-90 

185 

100 

-50 

185 

100 

-50 

1,800 
133 

-    6i 

900 

-30 

108 



+  IJ 

216 
106 
132 
324 

324 

305 


.'     —     4 
\    +     li 

-    -   6J 

.1         0 

-+o' 


♦See  text,  pp.  32-^,  for  additional  data. 
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IN  MISSISSIPPI— a>ntiimed. 

in  the  State  of  Missistippi  -  Conttnued. 


i 

Flow  ob- 
,    tained  at 
1     surface. 

Quality. 

B 
B 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Oals. 

Flows 

Soft 

150 

None  appar- 
ent. 

o» 

Post     Ter- 

Pascagoula  

Clay  above  Pas- 
cagoula. 

*168 

do..  . 

do... 

80 

tiary. 
do 

160 

do 

....do... 

25 

do 

do 

Post-Tertiary 
clays. 

170 

do 

....do... 

60 
GO 
50 

do..  .      . 

do 

do 

♦171 

1 do 

....do. .. 

do 

do 

do 

172 

do 

....do... 

do 

do 

do 

173 

do 

....do... 

60 

do 

do 

do 

174 

.do.... 

.    do . . . 

26 

.do 

...  .do.   .     . 

Post-Tertiary 
sands. 

175 

do 

....do... 

100 
250 

do 

do 

do 

176 

do.. 

do... 

Neither 

.      .do.... 

Pascagoula 

do 

♦177 

do 

....do... 

100 

None  api>ar- 

ent. 
do  

do 

♦178 

do 

Alkaline 

Soft.... 
....do... 

do 

.do 

♦179 

do 

240 
150 

do 

do 

♦180 

do 

do 

do 

do 

♦181 

do 

....do... 

60 

do     .... 

do 

♦182 

Hard... 

lAfayette . . 
.do... 

Grand  Gulf? 

..do 

♦183 

Pump 

Soft.... 

150 

None  appar- 
ent. 

None  apparent. 

♦184 

' do 

....do... 

150 

do 

do 

do 

do 

185 

rompressed 
air. 

do 

do... 

280 

do 

None 

do 

do 

♦186 

....do... 

140 

do 

do 

do 

do 

do 

187 

Claiborne 

Wilcox 

187a 

1  Pump 

do 

Soft 

None  appar- 
ent. 

do 

Slight 

None  observed. 

do 

188 

....do... 

do 

189 

1 

do 

Grand  Gulf 

Wilcox 

188a 

j  Pump 

Soft 

115 

None  appar- 
ent. 

Lowered 

do 

♦190 

do 

do 

190a 

Flows 

Soft 

None   appar- 
ent. 

...do 

do 

191 

Pump 

do... 

do 

do 

do 

♦192 

Flows 

Hard... 

do 

Wilcox 

do 

193 

Puuip 

...  do 

100 

....do     

Sliirht 

do 

do 

♦194 

Flows 

Soft 

11 

Neither 

Lafayette. . . 

do 

195 

..do 

....do... 

11 

do  ...      . 

River  allu- 
vium. 

....do 

♦196 

'  Pumpa 

Hard... 

Creek   bot- 
tom. 

do 

♦197 
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Partial  lid  ofde€j>  weJh 


No. 


198 

♦199 
200 

♦201 

♦202 
♦203 

204 
205 


♦205a  Lee 
206 


200a 
207 

206 

209 
♦210 

211 

212 
212a 


County. 


Lauderdale . 


.do. 
.do. 


....do.... 

....do.... 
....do 

Lawrence. 
do.... 


.do. 


do 

do 

do 


....do 

....do 

....do 

....do 

....do 


•212bl do. 

212c' do. 

213 


214 
215 

215a 
216 
♦217 

218 

219 
220 

221 

♦221u 

222 

223 


....do 


do.. 

Leflore. 


do 

do 

do 


do. 


do 

do 


do.. 

do.. 

Lincoln. 


.do 


Meridian  , 


.do. 
.do. 


.do. 


Siding 

....do 

Silver  Creek.. 

do 

Baldwyn  . . 
Ountown.. 


....do.... 
Nettleton. 


Plantersvillo. 


....do. 
Rusk.. 


do 

Shannon 

Tupelo , 


....do.. 

do.. 

Verona. 


do 

Greenwood. 


....do 

....do 

....do 


Ittabena . 


....do 

....do 


....do 

MlnterClty.. 
Brookhaven. 


..do.... 


Owwjr. 


City. 


.do. 
.do. 


Ice  factory. 


W.J.  Graham 

Mrs.  Martha  Max- 
well. 

A.  T.  Longino 

Dr.  B.  B.  Cowant... 

Brick  Co 

Robt.  Gambrell 


City 

Jno.  McGaughey. 


R.  8.  Rodgers. 


Robt.  Birmingham.. 
L.  B.  Gandy 


W.  S.  Brown. 


J.  K.  Whitesides. . . 

U.  S.  B  u  r  e  a  u  of 
Fisheries. 

Mo.  and  Ohio  R.R. 

City 

L.  T.  Taylor 


do 

A.  F.  Gardner. , 

T.  B.  Mlnyard. 
T.J.  FhiUips... 
Ice  factory 


L.  J.  Young  &  Co.. 


Mahoney  Bros. 
R.  W.  Balrd... 


A.  Henderson . 
C.  E.  Feigler.. 
W.  R.Norton. 

S.  P.Oliver... 


LocstlofL 


10 


12 


1  I  15 

6  I  25 


8  . 


1902 

1882 
1903 

1890 

1805 
1896 


1898 
1870 


1898 

1899 

1898 
^\   1902 


1886 

1903 
1903 


1870 

1889 
1901 


1900 
1896 

1897 

1897 
1896 

1808 
1900 
1901 

1898 


Fett. 
257 

905 
305 

680 

77 
75 

80 
89 
380 
70 

300 
140 

160 

140 
322 

130 

300 

398 

436 
300 
285 

400 
490 


k 

>  1 

jc 

2- 

m 

O  k 

c  cr 

24 

^  -z 

O. 

^+i: 

s 

^^ 

Feet. 

Pert. 

+4 

-20 

-H 

-25 

40 

+22 

+  0 

70 

-70 

73 

-73 

-  5 

70 

-40 

-30 

110 

+  0 

149 

+  0 

140 

-« 

300 

+  0 

80 

+  < 

-15 

320 

+  0 

406 
300 

200 

285 
400 


+  0 
-  8 
+  0 


-60 
+  40 


266 

194 

+ 

650 

600 

+  40 

650 

600 

+  0 

697 
596^ 

+a> 

+  0 

365 

348 

450 

437 

420 

60 

60 

155 

115 

+  o| 

+  0 
+40 
-54 

-40  , 


♦See  text.  pp.  33-34,  for  additional  data. 
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IX  MISSISSIPPI— Continued. 

m  the  StaU  of  MiMisaippi — Continued. 


How  ob- 
tained at 
surfaee. 

Quality. 

a 

i 
1 

Increaaeor 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hort- 

son  of  principal 

water-bearing 

stratum. 

N6. 

Flows 

Motor 

Hard... 

OaU. 

None  appar^ 

ent. 
do 

Wilcox 

do 

WUcox 

106 

....do...! 

Easily  lowered. 

....do 

*1W 

Pomp 

....do...l 

Second  riv- 
er bottoms. 

Wilcox 

do 

200 

Steam  pump 

....do...l 

None  appai^ 
ent. 

do 

Easily  lowered. 

do 

*901 

Flows 

Soft 

Buhrstone. . 

do 

*2Q2 

do 

....do...! 

do 1 

do 

do 

•203 

do... 

do 

Little 

lAfayette. . . 
do 

Lafayette 

Grand  Gulf 

Eutaw 

204 

Bucket 

Hard... 

do 

Slight 

206 

Selma 

Lafayette 
clay. 

do...... 

•206a 

Bacdcet 

Soft... 

None  appar- 
ent. 

Slight . . 

Top  of  Tuscaloosa 
Eutavr 

206 

Hard... 

206a 

Flows 

Hard, 
good. 

Soft 

5 

Neither 

Selma 

do...     . 

Tuscalooiia 

do 

207 

do 

None  appar- 
ent. 

do 

208 

Parop 

Hard... 

Little 

do 

do 

209 

Flows 

do 

Soft.... 
....do... 

15 
3 

Neither 

River  bot- 
tom. 

Creek   bot- 
tom. 

Selma 

do 

•210 

do 

do 

211 

Pnifip    .  ,  . .  , 

do... 

None 

None 

do 

212 

Flows 

....do... 

do 

do 

do 

do 

212a 

do 

Small . . . 

Decreased 

Lafayette... 
do 

Eutaw 

•212b 

Pnmf) 

1 

....do 

212c 

Flows 

Soft  and 
pure. 

Soft 

10 

None  appar- 
ent. 

do 

Selma 

do 

Tuscaloosa 

do 

213 

Pomps 

Flows 

Slight 

214 

....do... 

do 

Port   Hud- 
son. 

do 

Claiborne 

.  ..do 

215 

do 

200 
2S0 
275 

215a 

do     ..  . 

Soft.... 
....do... 

Soft  and 
good. 

Soft.... 

do... 

Decreased        ' -  -  

..do     . 

do... 

216 

1 

do 

None  appar- 
ent. 

do 

do 

do 

•217 

do  . 

Alluvium  7. . 

do 

218 

do 

eo 

100 

150 
50 

do 

do 

Lower  Claiborne. 
Wilcox 

219 

do  ...  . 

Decreased  25 
per  cent. 

Neither 

Port   Hud- 
son. 

do 

220 

do     . 

....do... 
....do... 
do... 

do 

221 

do 

do 

do::::.. 

Claiborne 

Base  of  Lafayette 

Grand  Gulf 

♦221a 

Bucket 

None  appar- 
ent. 

do 

Easily  lowered 
None  apparent. 

Lafayette... 
do 

222 

AirWt 

....do... 

276 

223 

J 
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Partial  list  of  deep  wdU 


No. 


224 
225 
♦225a 

*226b 
♦226 
227 
228 
229 

220a 

229b 
229c 
♦230 
231 
232 


232b 
♦233 
233a 
234 
234a 

♦235 


237 
♦238 
239 

24U 
241 
♦242 

243 

244 
244a 

»244b 

♦245 
♦246 
247 
248 


Count}'. 


Lincoln... 
Lowndos. 
do.... 


do 

Madison 

....do 

....do 

Marion 


....do.... 

do.... 

....do... 
Marahall. 

do... 

Monroe . . 

do... 

do... 

.....do... 

do... 

do... 

do... 


Montgomery  . 


.do. 


Neshoba 

Newton 

do 

do 

do 

do 

do 

Noxubee 

do 


.do. 

.do. 
.do. 
.do. 
.do. 


Town. 


Brookhaven. 
Columbus . . . 
do 


Artesla... 
Canton... 

do.... 

Flora 

Columbia. 


do 

....do 

do 

Holly  Springs 
Hudsonville . . 

Amory 

....do 

do 

Caledonia.. 
Crawford.. 
Gattman.. 
Muldon 


Winona. . 


.do. 


Dixon 

Chunkey... 
....do 

....do 

Hickory... 
....do 

....do 

Bigbee  Valley, 
Cooksville 

Brookville 

Cllftonville... 

Ravine 

....do 

Macon 


Ownar, 


S.P.Oliver 

City 

Mobile     and    Ohio 
R.  R. 

do 

City 

W.H.Powell 

Flora 

City 


B.W.  Holloway.. 


G.  H.  Rankin 

Lamar  Herrington. . 

City  waterworks 

E.  C.  Mahon 

T.  R.  Stevens 

City 

Railroad 

L.  D.  Booth 

City 

K.  C.  and  B.  R.  R . . 

MobUe    and     Ohio 

R.  R. 
Oil  and  Mining  Co . . 

Electric  Light  and 
Ice  Co. 

Chas.  C.  Roberts.... 

Wra.  Harris 

Jos.  Sharp 


D.  L.  Ragland.. 

J.  J.  Barber 

W.  H.  Galaspy.. 

J.  H.  Brown 


A.  G.  Cunningham.. 
W.  8.  Permenter.... 

Mobile    and     Ohio 
R.  R. 

J.  B.  Cunningham  . . 

J.  O.  Poindexter 

Sebe  Gavin. . . 

G.N.  Ladd.. 


L^seallon. 


18 
City. 

18 
18 
4  2 
2  2 
12     19 


13 


19 


.1. 


16 


1808 
1896 


1896 
1896 
1896 
1903 

1905 

5  1903 

5  1903 

6  1808 
27  1897 
36  1897 


25 


1878 


1899 


1899 


1901 


1895 
1896 
1900 

1806 
36  1898 
36     1898 


1897 


1898 


1850 


In.  Feet. 
8  165 
4  I    682 

...'    420 


I 


Feet. 


Feet. 


597 
1,020 
850 
450 
420 


2i 


31 


+    6 
+    01 


507-18 
+  19 

810  +  16  ^ 
-  40 

400+30 


1)400       400   4-  20 


425 
425 
400 
168 
154 
199 
250 
140 
700 
623 
620 

412 
400 


75 
160 
150 


425+25 
425+35 
320  -175 
-153 

1+  15 

199    '+      0  ; 

190  '+    0 

l+a. 

1-110 

620  '+  27 


305-60 


70  1 

160   +    4  I 
150+4 


3  131  128+0 
3  I  150  150+8 
2i     300       300  ;+    2 


150 

500 
500 

657 

451 
725 
431 
760 


150 


10 


391    +  20  , 
450  '-  30  ! 


657 

301 
725 
431 


-  00 

-  »1 

-  36  I 

+  16  I 

-  0 


♦  See  text,  pp.  34-36,  (or  additional  data. 
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IX  MISSISSIPPI— Continued. 

in  (he  State  of  Mississippi — Continued. 


How  ob- 
tained at 
surface. 

Quality. 

1 

a 
a 

%. 
a 

9 
OQ 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
01  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Soft.... 
....do... 

CMUs, 
^5 

None  apparent 
.do 

None  apparent 

Selma 

do 

Grand  Gulf 

Tuscaloosa 

..    .do 

224 

225 

*225a 

Flows 

do 

130 

do 

Eutaw 

♦225b 

Flow^s 

....do 

Pump 

Soft.... 
....do... 
....do... 

170 
88 

None  apparent 
Neither 

None  apparent 

Jackson 

do.. 

Wilcox 

*'m 

Claiborne? 

do 

227 

do 

do 

228 

Flows 

....do... 

25 
30 

eo 

25 
100 

None  apparent 
do 

Second  river 
bottoms. 

River   bot- 
toms. 

Bottom 

Grand  Gulf? 

Grand  Gulf 

do 

229 
220a 

do 

....do... 

do 

do 

Steam  pump 

Bucket 

Plows 

do 

do 

....do... 

Sulphur 
....do... 

Hard... 

do 

229b 

do 

do 

do 

220c 

do 

Little 

None  apparent 
Easily  lowered. 

Lafayette... 
..!..do 

Wilcox 

♦230 

do 

231 

Soft.... 
Iron 

8 
25 

None  apparent 
do 

Selma 

Eutaw 

Tuscaloosa 

tin 

232 

♦232a 

1 

232b 

do 

Hard...! 

Tuscaloosa . 

do 

♦233 

1 

do 

233a 

Flows 

Steam  pump 

.\irlift 

Pump 

Hard... 

15 

None  apparent 

Lafayette... 
do 

do 

234 

do 

234a 

Soft.... 

Iron 
and  al- 
kaline, 
soft. 

Soft.... 

....do... 

20 
100 

i 

1 
5 

5 

do 

do 

None 

Creek    bot- 
toms. 

Lafayette?  . 

Wilcox 

♦235 

do 

23A 

do 

do 

Easily  lowered 

do 

Alluvial.... 

River   bot- 
toms. 

....do 

Lafayette 

Wilcox 

237 

Flows 

♦238 

do 

do 

....do... 

do 1 

do 

239 

do 

...\.do 

240 

do 

do 

Soft 

Slight 

do 

Claiborne 

Wilcox 

241 

....do... 

34 
5 

None  apparent 
...do 

Second  river 
bottoms. 

River   bot- 
toms. 

do. 

♦242 

do 

do 

Pump 

....do... 
do... 

do 

243 

.do 

...do 

244 

Soft,  al- 
kaline. 

...*..do 

Lowered 

Tuscaloosa 

Eutaw  

244a 

Selma 

do 

♦244b 

WindraUl... 
Hand  pamp 
Flows... 

Soft 

do 

♦245 

...do.... 

do 

do 

♦?4fi 

..do.. 

Aluvium 

Selma. 

do 

247 

WindmUl... 

...do.... 

None  apparent 

Slight 

Tuscaloosa 

248 
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No. 


♦249 

♦260 
•251 

252 
♦253 

♦264 

♦255 

256 
♦257 
♦258 

250 

260 
261 


263 
264 

265 

266 

♦267 


270 
271 
272 
273 

274 
275 

276 

277 

♦278 

279 

280 

♦281 


DEEP-AVELL.  RECORI>S 

Partial  ligt  of  deep  trelli 


County' 


Noxubee  . 


...do 

...do 


Oktibbeha. 
....do 


....do.. 
Panola. 


....do 

Perry 

....do 

....do 


.do. 
.do. 


..do... 

..do... 
..do... 


....do.... 
....do.... 
Pontotoc. 

....do.... 

....do.... 
....do.... 
....do.... 
Quitman . . 
....do.... 


.do. 
.do. 


.do. 


....do. 
....do. 
....do. 
Scott.. 
Smith. 


Toi*-ii. 


Macon. 


....do 

Shuqualak. . 

Osborn 

Starkville... 


.do.. 


Batesvllle . . . 

Longtown... 

Barbara 

Brown 

Hattiesburg. 


.do. 
.do. 


..do. 

..do. 
..do. 


....do. 
Hecla.. 
Ecru... 


McLauren . 

....do 

...-.do 

Sherman. . . 

Belen 

....do 


.do. 


Lambert.. 


.do. 


Owtrer. 


MobUe 
R.  R. 

A.  T.  Dent. 

City 


and    Ohio 


A.  A.  Montgomery. 
do 


Agricultural  and  Me- 
chanical College. 

City 


Dr.  Crenshaw 

A.  J.  Thomas. 

A.  G.  Brown 

People's  ice  factory, 


M.Hemphill 

City  waterworks. 


J.  J.  Newman  Lum- 
ber Co. 

G.  L.  Hawkins 

Gulf  and  Ship  Island 
R.  R. 

Mike  Dunn 

George  Baylis. 

MobUc,  Jackson  and 
Kansas  City  R.  R. 

J.  A.  Barrow 


R.  A.  Cooper... 
V.  B.  Tucker. . . . 
D.  C.  Longston. 
M.  E.  Denton... 
Turner  Bros 


.do. 


Quitman    Develop- 
ing Co. 

Quitman      County 
Developing  Co. 

Bacon  Nolan  Co 

L.  Marks 

Bell  &  Lawrence 

O.  B.  Triplett 

Thomas  James 


....do 

Riverside... 

Sumner 

Forest 

Taylors  ville 

♦  See  text,  pp.  36-38,  for  additional  data. 


LocTatlotu 


27 


13 


10 


15 


1806 

1888 
1809 


1900 

1899 

1902 

1902 
1807 
1802 
1900 

1901 
1900 

1899 

1808 
1902 

1902 
1807 
1905 

1897 

1902 
1808 
1899 
1901 
1902 

1902 
1904 

1904 

1904 
1901 
1904 
1806 
1002 


In, 
3 

6-4 
6 


Feet. 
769 

800 
910 

485 
906 

900 

302 

580 
72 
43 


350 

325 
600 
93 

52 

216 
62 
250 
840 
800 

724 
720 

600 

700 
636 
650 
220 
1,135 


■eg- 

a* 
o  h 

22 


Oh    I  o 

*»9    IZ. 


Feei, 
730 


750 
910 


485 


800 

300 

520 
62 
38 


Feei. 

-k-     8 

-  14 

-  10 

-  30 
-130 

-129 

-I-  20 

+     0 

-  62 

-  0 

-  0 


I 


+    8 
200+30 

+  3D 

375   +  10 


300 


71 

48 

216 
62 
250 
800 
810 

650 
680 

500 

650 
600 
600 
220 
1,100 


+  30 

+  0 

+  0 

-  0 


+ 

+ 

+     0 
+     0 

+  50  I 
+  30 

+  10 

+  «  I 
+  « 
+  30 
-    9 
+    0 
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IN  Mississippi-Continued. 

in  the  State  of  Mississippi — Continued. 


How  ob- 
,     tained  at 
I     surface. 

QuaUty. 

1 

a 

a 
I 

1 

Increase  or 

decrease  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horiEon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
stratum. 

No. 

Flows 

1  Pump 

Soft.... 
..do. 

Qal8. 
5 

Noneapparent 
Little 

Lowered 

Lowers  16  feet . 

Belma 

do 

Tuscaloosa 

do 

•240 
*2S0 

do 

Alkaline, 
soft. 



Noneapparent 

Little 

do 

do 

*251 

i 

do 

do 

252 

Compressed 
air. 

do 

Soft.... 

Soft,  al- 
kaline. 

Hard... 
...do. 

145 
145 
60 
50 

Noneapparent 
Neither 

Slight 

do 

do 

*253 

do 

do... 

do 

•254 

Flows 

Noneapparent 

Port  Hud- 
son. 

do 

WUcox 

•255 

do 

do 

266 

Bucket 

...do 

I^afayette... 
do... 

Lafayette. 

Grand  Gulf 

do 

•267 

do 

100 

•258 

Bucket 

Flows 

Soft 

Noneapparent 
do 

Second  river 
bottom. 

Lafayette... 

250 

...do 

Few 
250 

250 

Few 

150 

do 

260 

do 

do 

None 

Slight 

Second  river 
bottom. 

do 

...do 

261 

do 

Hard... 

Soft.... 
.    do 

Small  decrease 

NoneapiMirent 
do 

do 

262 

..  ..do 

Lafayette... 

do 

263 

do 

Second  river 
bottom. 

....do 

do 

264 

do     ..  . 

do 

None 

do 

265 

.do  .   . 

Hard... 
.do 

100 

do 

266 

Bucket 

do 

do 

♦267 

Cook-pump. 
Flows 

Soft .... 
...do 

120 

20 
14 

Decreased 

Lowered  3  feet 
in  6  hours. 

Ripley 

Ripley... 

268 

do 

260 

do 

Hard... 

Ripley 

do 

270 

Pump       .   . 

Lafayette... 

do 

271 

Soft.... 
...do 

20 
60 

55 
52 

60 

100 
60 
40 
10 
6 

Decreased 

Alluvium... 

do 

272 

Flows 

Noneapparent 
.     .do 

Port   Hud- 
son. 

do 

Wilcox 

273 

...  .do-   .     . 

.do.. 

do 

274 

do 

...do 

Neither    . . 

do 

do 

275 

do 

do 

Increased 

do 

do.. 

276 

do 

...do 

do 

do 

do 

277 

do 

...do.... 
.do 

Noneapparent 
Same 

do 

do 

•278 

do 

do 

do 

279 

Lafayette... 
do 

Jackson 

280 

!  Flows 

Grand  Gulf 

♦281 
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DEEP- WELL,  RECORDS 

Partial  list  of  deep  wells 


No. 


282 

♦283 
284 
285 
286 

•287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 

298 
299 
300 

♦301 
302 

♦303 

304 
♦305 
♦306 
♦307 

308 
♦309 
310 
311 
312 
313 
314 
♦315 
316 
317 
♦318 
♦319 
320 


County. 


Sunflower . . 


do 

do 

do 

do 

do 

do 

do 

do 

Tallahatchie. 

do 

do 

do 

do 

do 

do 


....do 

....do 

....do 

Tate 

Tippah 

Tunica 


....do 

....do 

Union 

Washington. 


Wayne 

do 

....do 

do 

Webster 

Winston 

Yalobusha 

....do 

....do 

....do 

....do 

Yaxoo 

do 


Town. 


Belmont. 


Dockery 

Doddsville 

Indianola. 

do 

Moorhead 

Ruleville. 

do 

Sunflower 

Albln 

Charleston 

do 

do 

Crovi 

Qlendora 

Sharkey  Land- 
ing. 

Sumner 

Swanlake 

Webb 

Staghorn 

Dumas 

Tunica 


Owner. 


State. 


Will  Dockery 

R.  E.  Dodds 

City 

W.B.Martin 

Chester  H.  Pond... 

Chas.  Campbell 

Rule  Bros 

R.  C.  Burroughs... 

Jerry  Robinson 

J.  W.  Saunders 

M.  P.  Webb 

W.  G.  Harvey 

C.  W.  Neilson 

E.  D.  Graham 

T,  O.James 


Commerce 

Longtown 

New  Albany. . 
Leland 


I.B.Dudley.... 
W.  A.  Hawkins. 
E.  B.  Taylor.... 
S.  T.Clayton... 
A.  C.  Anderson.. 
City 


R.  F.  Abbey. 


City. 


.do. 


Red  Bluff....! do 

Waynesboro.  .1 do 

do I  Ice  factory 

do ,  Turpentine  distillery 


Walthall 

Louisville 

CofTeeville 

do 

do 

do 

Water  Valley. 
Yazoo 


J.  L.  Lamb... 
W.  C.  Hight.. 
J.  A.  Aston... 
W.C.Bryant. 
W.H.Bailey.. 
J.  F.  Proovin. 

City 

....do 


Location. 


18 


Sartartla j  M.  King. 


10 


In. 


1901 

1900 

1904 

1900 

1899  I 

1900 

1900 

1889 

1900 

1901 

1901 


1902 


1899 


32 


1900 


1900 

.  1900 
1909 
1902 
1902 


6  28 

6   4 


4'  5 

I 


1870 
1901 
1903 
1899 
1901 
1897 
1905 
1898 


c 

X3 
+* 

a, 

a> 
Q 

feel. 
1.000 


1901  2 

1901  2 

1899  i  2 

1901  i  30 

13  ,  1901  '  40 


820 
1,320 
1,300 
936 
864 
865 
880 
517 
2i  760 
2  420 
...'  450 
400 
465 
450 

552 
582 
512 
110 
60 
865 

865 
521 
230 
512 

265 
525 
520 
525 


Feet. 
1,000 


820 


42 
250 
238 
160 
275 
60 
1,577 


Fcei. 

+  70 
+  49 

+ 
+  45 

+ 


1,260 
936 
820 

TOO  +70 

880  + 

+ 

546  +1H 

420  + 

450  +10 

380  + 


420 
390 


+ 

+       . 

480      + 

107  - 
55      -55 

865+0 


+ 

+       I 
+40 
-14 


471 
230 
452 


I 


32 
230 
238 
145 
250 

40 


+  5 
+  10 
+  10 
+  10 
+  30 
-32 
+  li 
+  10 
+  12 
+  5 
-12 


♦  See  text,  pp.  38-39,  for  additional  data. 
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IX  MISSISSIPPI— (Continued. 

in  the  State  of  Miwignppi — Continued. 


do.... 
do.... 


do.... 

do.... 

do 

Pump Soft 

Flows ;...do.-. 

do do... 


T 


I 


do 

do ' 

do. 

Bucket 

Flows 

do 

do 

do I 

Steam  pump 


.do do I do 

3  ! do ' do ' do 

15 do 

...    Same None '  Port    Iliid-     Clail  orne. 

I  I      son. 

...i do I I  V'lcksburg do 

25  I do ' ! do ■ do.... 

do 20-40     Variable ' do do 


.do. 


25    None  apparent do 

60  ' ' Lafayette. 


I 


25  , 


I 


I 


.do. 
.do. 
-do. 
.do. 
.do. 
.do. 


I 


do 

Wilcox..., 

do 

do 

do.-.. 

do.... 

do.... 

do.... 

14   '  Alluvium...'  Claiborne. 

...I Port    Hud-    do 


How  ob- 
tained at 
surface. 

Quality. 

1 

1 

Increase  or 

decn^aso  of 

supply. 

Effect  of  pump- 
ing on  level 
of  water. 

Geologic 
horizon  of 
well  mouth. 

Geologic  hori- 
zon of  principal 
water-bearing 
statum. 

No. 

Flows ' 

Qals. 
250 

ft) 

Port   Hud- 
son. 

do 

Claiborne 

do 

282 

....do 

*283 

do                                  80 

do 

do... 

284 

do         ..' '    200 

do 

do 

285 

..do Alkali ..'      20 

do 

do 

286 

....do ' 1      20 

do 

do 

♦287 

do                              1    100 

Neither            ' 

do 

Wilcox 

288 

do          75 

.do              1 

do 

do 

280 

..do i 1      50 

do 

do 

290 

do 1      25 

do 

do 

291 

do            '             .  .       32 

do 

do 

202 

.do     M) 

' do 

do 

203 

1 
....do 

?5 

1 do 

do 

204 

do 

40 
60 
50 

12 
75 
75 

1 do 

.     ..do 

295 

do 

do 

do 

296 

..do '    

1 do 

do 

297 

do 1 

' do 

do 

298 

.    .do  

i do 

do 

299 

do           1 

!         do 

....do 

300 

Windlass 

Lafayette. . . 
do 

do 

*301 

Bucket     .-  ' 

Ripley 

302 

Flows             '  Soft         '    200 

Neither 

Port    Hud- 
son. 

Wilcox 

♦203 

i 

304 
♦305 
*306 
♦307 

308 

♦309 

310 

311 

312 

313 

314 

♦315 

310 

317 

♦318 

♦319 

320 


son. 


I 
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SELECTED  RECORDS  IN  DETAIL.. 

[Numbers  in  heavy-faced  type  refer  to  preceding  table.] 

lO.  Record  of  city  wdU  at  Corinth^  Alcorn  County. 

[Authority,  city  waterworks.] 

Feet 

Common  soil 15 

Blue  clay. ..^  r  30 

Sand Uelma  chalk ^30 

Hard  rock..'  i   1 

Sand,  water  bearing 35 

Hard  shale,  clay,  and  fine  sand,  Eutaw-Tuscaloosa 200 

Sandstone,  limestone,  and  shale  (Chester  and  St.  Louis) 135 

Siliceous  rock  ("flint  rock"),  Tullahoma 115 

13.  Record  of  city  well  at  Kosciusko ,  Attala  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Clay  and  sand 30  30 

BlacK  clay 10  40 

Black  clay  and  rock. 25  65 

Rock,  greejisand,  and  shells 25  90 

Sand  and  shells '. 60  loO 

Black  dirt  (lignite) 50  155 

Gray  sand 40  IftS 

Black  clay  and  gray  sand 50  245 

Gray  sand,  black  clay,  and  rock 30  275 

Water-bearing  sand 5  280 

Water  is  found  at  35  feet,  75  feet,  195  feet,  and  275  feet.    Water  rises  to  75  feet  of  surface. 

Record  of  shallow  mU  in  sec.  36,  T.  20,  R.  8  TT.,  Boliyxur  County. 

[Authority,  unpublished  notes  of  E.  A.  Smith,  assistant  geologist  of  Mississippi,  1870.] 

Thickness    Depth 
(feet).      (fteci). 

Surface  loam 3  3 

Sand,  as  seen  freshly  deposited  by  Mississippi  River 3  6 

Black  buckshot  clay 30  36 

Red  clay,  source  of  water 36 

Tlie  above  is  an  open  dug  well.  As  soon  as  the  red  water-bearing  clay  was  reached  the  water  rushed 
in  so  rapidly  that  the  digger  had  hardly  time  to  get  out  before  the  well  was  filled.  Water  rises  to  within 
15  feet  of  the  surface. 

Record  of  well  in  sec.  19,  T.  19,  R.  5  E.,  Carrda  County. 

[Authority,  unpublished  notes  of  E.  A.  Smith,  assistant  geologist  of  Mississippi,  IS70.] 

Thickness    Depth 
(fteet).      ipxx). 
Surface  soil. 

VariegaU»d  clay 16  16 

Indurated  ledge  of  ferniginous  sand,  with  scams  of  crystalline  salenitG  alternating  with 

layers  of  greensand 4  20 

Greensand '. .    9  29 

Indurated  ledge  of  ferruginous  sand  alternating  with  layers  of  greensand,  as  above 4  33 

Hard  rock,  which  effervesced  in  places , 3  36 

Siliceous,  indurated  greensand,  with  shells 6  42 

Light-yellow  sand,  with  ledges  of  indurated  sand,  containing  concretions  of  sandstone, 

also  clay  nodules  embedded  in  the  sand 6  48 

Strong  mineral  water  was  obtained  at  44  feet. 
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909k»  Record  of  railroad  iDeU  at  Okohruif  Chideasaw  County . 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Soil,  gravel,  and  clay 20  20 

Blue  limestone  (Selma  chalk) 300  320 

napd  sand  rock 3  323 

Sand  rock •. 100  423 

Greensand,  soapstone,  and  water 60  473 

Soapstone 75  648 

Water  rises  within  22  feet  of  surface. 

31a.  Record  ofweU  at  HermanvilUf  Claiborne  County . 

[Authority,  W.  G.  Herrington,  driller.] 


Red  clay 

Gray  clay 

Sand  rock 

Hard  blue  clay  (hardpan) 

Fine  blue  sand,  which  supplies  abundant  water . 


Total  depth 

(feet). 


86 


35  >  Record  of  town  well  at  Enterprise^  Clarke  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Sand 6  6 

Clay  and  sand 10  16 

Quicksand 6  22 

Hard  blue  rock i  22J 

Blue  soapstone 97J  120 

White  sand  and  blue  rock 25  146 

Soft  soapstone 7    .  152 

White  sand  and  gravel 4  156 

35.  Record  of  Weems  weE  at  Shvhuta,  Clarke  County. 

[Authority,  W.  N.  I^gan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (foet). 

Sandandclay 25  25 

Marl 125  150 

Marl,  clay,  and  sand 272  422 

Water  flows  above  surface. 

53.  Section  of  toxim  wdl  at  West  Point,  Clay  County. 

(Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Soa  and  loam 20  20 

Limestone  (Selpia  chalk) 180  200 

Sandandclay 400  600 

Water  flowed  at  first,  but  does  not  now. 

53a«  Record  of  town  w>eU  at  Cedar  Bluffs,  Clay  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Soil  and  loam 10  10 

Limestone  (Selma  chalk) 460  460 

Hard  rock 2  462 

Sand  and  water 188  650 

Water  rises  within  100  feet  of  surface. 
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Record  of  well  3  miles  8ov£k  ofOrenada,  Grenada  County. 

(Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Clay 10  10 

Sand 30  « 

Soapstone : 30  70 

Sand •-.  10  80 

Soapstone  (clay) 10  90 

Mud 20  no 

Soapstone  (clay) 10  120 

Very  coarse  sand 95  215 

Hard  rock 0.25  215.25 

Sand 10  225.25 

Soapstone  (clay) 335  560. 25 

Two  thin  rocks 0.75  561 

Soapstone  (clay) 40  eoi 

Water-bearing  sand 63  664 

Soapstone 20  684 

Water-bearing  sand 37  721 

Well  flows  one-half  gallon  per  minute. 

ft6a«  Record  of  city  weU  at  Grenaday  Grenada  County. 

Thickness    Depth 
(feet).        (feet!. 

Surface  loam 60  00 

Sand 30  *» 

Soapstone  (clay) 30  130 

Sand  and  soft  clay 40  IflO 

Soapstone  (clay)  with  sand 90  250 

Blue  sand 30  280 

Soft  stone  (clay?) 30  310 

Soft  blue  sandy  rock,  very  fine 140  430 

Soft  clay 10  4«) 

Sand  and  water 30  450 

Soft  blue  sandy  rock 110  OiKi 

Rock 20  620 

At  a  depth  of  250  feet  water  rose  within  6  feet  of  surface;  at  490  feet  the  well  overflowed. 

Record  of  well  1  mile  north  of  Bay  St.  Louis,  Hancock  County. 
[Begun  October  29, 1904;  completed  November  20,  1904.    Authority,  John  L.  Ford,  driller.] 

Thickness  Depth 
(feet).       (f-*t  . 

Blue  sandy  clay 10  lO 

White  sand 50  »« 

Yellow  sand 35  yio 

White  sand  and  gravel 50  14."^ 

Green  clay 15  \fi^ 

Gray  sand 60  220 

Green  clay 130  2.H: 

G  ray  sand 20  a7»' 

Green  clay 280  tiSLi 

Water  sand,  flows  50  gallons  per  minute 40  tt«» 

Blue  clay 128  Sl> 

Water  sand,  flows  225  gallons  per  minute 79  sy: 

Diameter  of  well,  3  inches.    (From  Bull.  U.  S.  Geol.  Survey  No.  264.) 

Generalized  section  of  Udells  between  Biloxi  and  Pass  Christianj  Harrison  County. 

[Authority,  A.  Dixon.] 

Fr-»»t 

Sand j« 

(^lay 12!. 

Sand  and  clay 4^5 

Light-gray  fine  sand Hfi 

Clay rtfo 

Water-bearing  sand uv? 
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.    Record  of  well  at  Quarantine  Station,  Ship  Idand. 

[Authority,  Dr.  P.  C.  Kallock  in  Underground  Waters  of  Louisiana  (Harris) .] 

Thickness  Depth 

(feet).  (feet). 

White  sand 46  45 

Soft  clay  andmud '. 155  200 

Hard  blue  clay : 100  300 

White  sand 5  305 

Blue  clay 260  665 

Sandstone i  665i 

Blue  clay 156  721i 

Watei^bearing  sand 9  730J 

113.  Record  of  well  at  Hotvisony  HarrUon  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins,] 

Thickness  Depth 

(feet  J.  (feet). 

Red  clay 100  100 

While  sand 100  200 

Blue  clay 1,200  1,400 

Water-bearing  sand 80  1, 480 

Water  rises  within  35  feet  of  surface. 

Log  of  deep  vxU  at  Stale  Penitentiary  ^  Jackson,  Hinds  County. 

[Authority,  E.  W.  Hilgard.] 

Thickness  Depth 

(feet).  (feet). 

Surface  materials  and  clay  marl 20  20 

Bloc  sandy  shell  marl 11  31 

Dry  sand,  with  streaks  of  whitish  or  gray  clay  containing  impressions  of  leaves 80  111 

Wet  quicksand,  caving  very  badly 70  181 

(Here  water  rose  to  within  70  feet  of  surface.) 
Black  clays,  mostly  laminated,  interstratifled  with  layers  of  sand.    Fragments  of  im- 
pressions of  leaves,  and,  at  400  feet,  a  catkin  of  a  willow  were  bored  up 268  440 

Greensand,  with  shells  and  streaks  of  gray  and  red  clay 30  479 

Water-bearing  sand,  caving  badly 20  499 

(Here  water  rose  to  within  60  feet  of  surface.) 

Greensand  with  shells,  same  as  above 7 

Ledge  of  gray  f ossiliferous  limestone 1  600 

Blue  clay,  with  calcareous  nodules  and  some  layers  of  greensand  marl 12  612 

Shell  marl,  with  layers  of  black  clay 10  622 

Quicksand,  with  a  great  deal  of  mica 6  627 

White  indurated  clay,  with  iron  pyrites,  not  yet  passed  through 7 

Record  of  Alabama  and  Vickshurg  Railroad  rveU  at  Smiths,  Hinds  County. 

[Authority.  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Soa  and  clay 44  44 

Limestone  and  sandstone , 104  148 

Thin  strata  of  hard  rock 4  152 

Rock  and  sand 394  646 

Water  rises  within  23  feet  of  surface;  capacity,  113  gallons  per  minute;  mouth  of  well  about  130  feet 
above  sea  level. 

Generalized  section  ofweUs  on  Deer  and  Silver  creeks,  Issaquena  County. 

[Authority,  impublished  notes  of  £.  A.  Smith,  assistant  geologist  of  Mississippi,  1870-71.] 

Maxi- 

Thick-  mum 

noss  depth 

(feet),  (feet). 

Top  clay 4-10  10 

Sand 20-30  40 

Blue  mud  (clay) 10-20  60 

Light,  fine  sand 2-4  64 

Pebble  bed,  containing  water. 

The  above  section  was  given  by  Mr.  I.  W.  Blessing,  who  had  driven  about  70  wells  along  the  above- 
mentioned  creeks.  The  sand  above  the  pebbles  is  in  very  fine,  smooth,  rounded  grains,  and  comes  up 
with  the  water  when  the  well  is  pumped.  The  pebbles  in  the  bed  from  which  the  water  comes  are  often 
cemented  together,  forming  a  hard  conglomerate. 
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167.  Record  ofvxU  near  Moss  Point j  Jackson  County. . 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet'. 

Sand 100  100 

Clay  and  mud 150  2o0 

Hard  clay ISO  *0 

Water-l)earing  sand 20  420 

Hard  clay 200  C20 

Water-bearing  sand 40  *») 

Sand  and  clay 110  770 

Water-bearing  sand 44  W4 

Hard  rock,  sand,  mud,  and  wood 736  1.530 

Flowing  water  at  660  and  at  800  feet. 

1  §  1 .  Record  of  cUy  well  at  ScranUm,  Jackson  County. 

(Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (fwi  . 

Sand  and  gravel 350  .150 

Blue  clay 400  750 

Clam  shells 5  7Sri 

Blue  clay 25  7* 

Water-bearing  sand 20  «0 

Well  flows  160  gallons  per  minute. 

Record  ofweU  at  Ocean  Springs j  Jackson  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet.. 

Surface  soil,  sand,  and  gravel 150  150 

Clay 250  400 

Sand 20  420 

Clay...- 40  *« 

Sand  and  gravel 60  sao 

Clay 400  920 

Water-bearing  sand 30  950 

Water  flows  250  gallons  per  minute. 

Record  ofweU  1\  miles  northtuest  of  Moss  Point ,  Jackson  County. 
[Begun  October  3, 1904;  completed  October  12, 1904.    Authority,  John  L.  Ford,  driller.] 

Thickness  Depth 

(feet).  (feetj. 

Hard,  yellow  clay  (sandy) 20  30 

Yellow  sand 15  35 

Clay  (sandy,  variegated) 15  50 

Sand  (fine,  white) 50  100 

Sand  (coarse,  white) 40  140 

Clay  (sandy) 70  210 

Sand  (fine,  white) 10  220 

Clay 150  3:n 

Sand  (flno,  white) 20  3^0 

Clay .• 320  710 

Sand  (fine,  gray) 80  7* 

Clay 7«J 

Main  water  supply  770  to  790  feet.    Yield,  135  gallons  per  minute.    (From  Bull.  U.  S.  Geol.  Survey 
No.  264.) 
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Record  of  city  well  at  EUisviUej  Jones  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Sand  and  gravel 80  80 

Green  clay 280  360 

Sand , 10  370 

Green  clay 230  600 

Sand  rock 12  612 

Greenish  marl 288  900 

Shell  rock 6  905 

Green  mart 195  1,100 

Shells 5  1,105 

Green  mart 295  1,400 

Record  of  city  well  at  Oxford ^  Lafayette  County. 

(Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

riay  and  sand 90  90 

D  ry  sand 15  105 

Clay 67  172 

Soapstone  (clay) 78  250 

Hard  sandstone 50  300 

Water  rises  to  70  feet  of  surface. 

Record  of  weU  at  Lumbertonj  Lamar  County. 

[Authority.  W.  N.  Logan  and  W.  R.  Perkins.] 

Depth 
(feet). 

Coarse  sand  and  some  gravel 40 

Fine  sand 85-90 

Fine  sand  and  white  clay 103 

Hard  white  clay 110 

Soft  but  fine  sand 180 

Hard  white  clay 200 

Hard  and  soft  spots,  water  white 210 

Hard  white  clay,  pipe  goes  28  inches  per  hour 277 

Whitewater 314 

Blue  mud 512-528 

Blue  mud,  still  In  water 660 

Hard  clay,  white  water 620 

Very  soft  rock 670 

Very  soft  white  clay 682 

Hard  clay 720 

Blue  clay 760 

Hard  rock 770 

Softer  rock 784 

Bluish  rock 830 

Hard  rock 850 

Sand 860 

The  w^ell  was  drilled  to  a  depth  of  1,800  feet. 
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Record  of  cotton-miU  vjeU  No.  1,  Meridian,  Lauderdale  County. 

[Authority,  W.  N.  Logan  and  W.  R.  PerWng.] 

Thickness  Depth 

(feet).  (feet). 

Clay 14  14 

Sand 16  30 

Clay 6  36 

Shale 14  50 

Sand 1  51 

Lignite 2  53 

Sand 3  56 

Shale 2  68 

Pipeclay 19  77 

Lignite '  6  83 

Pipe  clay 7  90 

Sand 2  92 

Clay 3  9S 

Sand 4  90 

Clay 22  121 

Sand 6  126 

Clay 5  131 

Sand 5  136 

Blue  clay 4  140 

Sand 1  141 

Blue  clay 18  150 

Sand 9  168 

Lignite 5  173 

Sand 2  175 

Lignite 4  179 

Sandstone 1  180 

Clay 7  187 

Sand 27  214 

Lignite  and  clay 8  222 

Clay '. 2  224 

Sand 2  226 

Lignite 2  228 

Sand 27  255 

Clay 12  267 

Lignite 4  271 

Clay 27  296 

Sand '. 4  302 

Clay 4  306 

Sand 6  312 

Clay 5  317 

Pyrites  rock 1  318 

Sand 3  321 

Clay 7  330 

Lignite 2  332 

Clay 15  347 

Sand 43  300 

Water  rises  within  40  feet  of  surface. 

Record  of  u^  in  sec.  11,  T.  .9,  R.^8  E.,  Leake  County. 

[Authority,  unpublished  notes  of  E.  A.  Smith,  assistant  geologist  of  Mississippi.  1871.] 

Thickness  Depth 

(fwt).  (fert). 

Red  clay,  with  a  little  sand 6  6 

Vari^ated  clays,  containing  shells 10  16 

Light-colored,  fossil iforous  rock  which  effervesces  with  hydrochloric  acid 1  17 

Variegated  clays,  as  above 9  26 

Yellow  sand  to  water 26  52 
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Record  ofweU  at  MooremnU^f  Lee  County. 

Thicknoas  Depth 

(feet).  (feet). 

ielmacliAlk 155  156 

Eataw  sands,  source  of  water 20  176 

SOfta.      Record  of  Brick  and  TUe  Company^ a  well  at  Baldivyn,  I^ee  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.) 

Thickness  Depth 

(feet).  (feet). 

Soil,  clay,  and  sand 40  40 

Limestone  (Selma chalk) 74  II4 

Clay  and  sand  (Eutaw) 220  334 

Water-bearing  sand 46  380 

Water  rises  within  5  feet  of  surface. 

dltib.  Record  ofMobUe  and  Ohio  Railroad  weUy  Tupelo,  Ijee  County. 

(Authority,  M.  &  O.  R.  R.  Co.] 

Thickness  Depth 

(feet.)  (feet). 

Sand  and  gravel 15  15 

Limestone^                                                                                                                                    r  200  215 

Hard  rocklselma  chalk ]      1  216 

Soft  rock  I                                                                                                                                    I  150  366 

Greensand,  water-bearing 40  406 

Clay 30  436 

Water  flows  above  surface. 

Record  ofT.B.  Minyard's  iveU,  ai  Greenwood,  Leflore  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Soil  and  clay 15  16 

Mud  and  silt 140  166 

Soapstone  (clay ) 200  355 

Greensand.  with  the  strata  of  hard  rock 20  375 

ddla.  Record  cfweU  ai  Minier  City,  Leflore  County. 

[Authority,  C.  E.  Feigler,  driller.] 

Thickness  Depth 

(feet).  (feet). 

Surface  soil 10  10 

Bind 100  110 

Gravel 10  120 

Sand 80  200 

Soapstone  and  pipe  clay  interbedded  with  sand  to  bottom  of  well 237  437 

d95a.  Record  of  railroad  well  at  Columbus,  Loumdes  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Clay,  sand,  and  gravel 25  25 

Sandstone 3fX)  325 

Gnensand  and  clay 85  420 

9d5b.  Record  of  railroad  well  at  Artesia,  Lowndes  County. 

[Authority,  W.  N.  Logan  and  W,  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Clay '. 10  10 

Limestone  (Selma  chalk) 350  360 

Hard  sandstone 2  362 

Soft  sandstone  and  soapstone 175  537 

Clay  and  sand 00  597 

Water  rises  to  wltliin  18  feet  of  surface. 
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Record  of  wdL  at  Canton^  Madison  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perklns.l 

Thickness  IVpth 

(feet ) .  (fort ' . 

Surface  sand  and  clay 150  \5f) 

Clay 175  32.S 

Water-bearing  sand 30  ,V>i 

Clay 60  415 

Water-bearing  sand 30  445 

Record  of  well  in  see.  2,  T.  7,  R.  2  E.,  Madison  County. 

[Authority.  E.  W\  Ililgard.] 

Thickness  IVpth 

(ffetl.  (ftvti. 

Surface  materials  and  bluish  and  yellowish  clay  marls 40  4f» 

Blue  clay  marl,  poor  in  shells 40  so 

Blue  sandy  shell  marl,  with  well-preserved  shells 10  90 

Dark-colored,  mostly  bluish,  laminated  clays  interstratified  with  layers  of  sand 185  275 

Hard  gray  sandstone ^ 

Yellow  water-bearing  sand 15  2S0 

(Here  water  rose  to  within  75  feet  of  surface.) 

Dark-colored  sandy  clay,  with  crystals  of  gypsum 85  375 

Hard  gray  sandstone \ 

Lignite,  interstratified  with  layers  of  clay;  above  it  a  stream  of  water  rising  to  within  375 

45  feet  of  surface  (as  far  as  penetrated) 40  415 

330.  Record  of  town  well  at  HoUy  Springs,  Marshall  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Doptb 

(feetK  (feeti. 

Roddishclay  (Columbia) 20  30 

Red  sand  (Lafayette) 87  lOT 

Sand  rock 1  lOS 

Clay 52  1« 

Hard  sandstone J  ItVJ 

Clay  and  sandstone 130^  ;1U0 

Fine  sand,  water  bearing 40  340 

Pipeclay 13  353 

Coarse  sand 4  357 

Sticky  clay 43  400 

General  section  of  weUs  in  river  bottom  near  Aberdeen,  Monroe  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (fjvt  . 

Surface  soil  and  loam 15  15 

Sandstone 200  215 

Sand  and  first  water 35  2.V 

Clay  and  lignite 100  33) 

Sand  and  water 30  3?«) 

333a.  Record  of  well  at  Amory,  Monroe  County. 

[Authority,  A.  F.  Crider;  section  obtained  from  old  well  driller.] 

Thickness  D<»pth 

(feet),  (ftvt 

Lafayette  sand 12  12 

Lafayette  gravel. 6  is 

Gray  sand,  water  bearing I  19 

'  'Soapstone."  or  joint  clay,  with  thin  layers  of  shelly  sandstone.    The  clay  caved  when 

drilling  well  and  had  to  be  cased 115  134 

More  compact  clay,  which  required  no  casing  in  drilling 65  199 

Sand,  source  of  water. 

Water  was  obtained  in  sand  l^elow  the  compact  clay.  It  flows  at  rate  of  20  to  25  gallons  per  minuU 
from  a  2§-inch  pipe.  The  water  is  highly  impregnated  with  iron  oxide.  The  pipe  and  gutter  which 
carry  the  water  from  the  well  are  covered  with  a  thick  coating  of  iron  oxide.  The  same  driller  reports 
that  a  second  stream  of  water  is  present  here  at  a  depth  of  from  240  to  250  feet. 


113  300 
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Well  at  Gattman,  Monroe  County. 

[Authority,  W.  F.  Riley,  owner.] 

Thickness  Depth 

(feet),  (feet). 

Sandy  yellow  cUy 18  18 

Fine  sand  (quicksand) 65  83 

Gravel  and  sand 4  87 

Yellow  sand 

Gray  sand 

Blue  clay 

Dcei>-red  clay 

Lignitic  clay 

Sand 

Hard  grayish  sand  rock 2  302 

Fine  sand  or  opening  from  which  water  rose  to  .surface,  furnishing  about  2  gallons  per 

minute 6  308 

Small,  round  gravel,  about  the  size  of  large  shot 3  311 

Hard  gray  sandstone  (hard  as  millstone),  becoming  softer  and  darker  in  color  below. 

Water  rose  to  surface  from  this  soft  sandstone 312  jC23 

Water  flows  above  surface  at  the  rate  of  15  gallons  per  minute,  is  full  of  gas  bubbles,  and  has  a  taste 
of  borax  and  soda. 

335.  Record  of  wed  at  Winoruif  Montgomery  County. 

[Authority,  Robert  A.  Allison.] 

Thickness  Depth 

(foot).  (foot). 

Soil  an  d  clay 25  25 

Orange-colored  Hand 10  35 

Blue  marl 40  76 

Lignite 5  80 

Q  uicksand .- 15  95 

Black  cUy 60  146 

Coarse  sand,  containing  fair  supply  of  water 10  155 

Lignite 10  1(J5 

Blue  marl 35  200 

Fine  sand 15  216 

Clay 10  225 

Quickaand 60  285 

Clay 40  325 

Fine  sand,  coarse  on  top 25  350 

Brown  clay 35  385 

Coarse  aand,  gravels  on  top 27  412 

Water  is  obtained  in  the  lowest  layer  of  coarse  sand  and  gravel  at  a  depth  of  395  feet.  About  25  or 
30  wagonloadsof  sand  were  pumped  from  the  well  during  the  first  three  or  four  days.  After  that  the 
sand  ceased  to  rise,  and  the  well  now  furnishes  an  abundant  supply  of  water,  which  is  not  perceptibly 

lowered  with  an  air-lift  pump.    Water  is  clear  and  free  from  minerals,  and  is  reported  to  have  a 
temperature  of  66'  V. 

344b.  Record  of  railroad  well  at  BrookvilUf  NoxuSee  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(foot).  (feet). 

Clay S  8 

Limestone  (Selma  chalk) 450  458 

Hard  sand 4  462 

Soft  sand 150  612 

Groensand  and  water 45  667 

The  water  rises  within  60  feet  of  surface. 

345.  Record  of  well  at  Cliftonvillej  Noxubee  County. 

[Authority,  J.  B.  Cunningham,  driller.] 

Thickness  Depth 

(feet),  (feet). 

Schna  chalk 300  300 

Greenaand 20  320 

White  sand 20  340 

Grecnaand 10  350 

White  sand 40  390 

Ferruginous  sandstone 1  391 

Dark  greensand .  souioe  of  water 60  461 
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946.  Record  of  well  at  Ravine^  Noxubee  Comity. 

[Authority,  J.  B.  Cunningham,  driller.] 

'                                                                                                                                     Thickness  Depth 

(feet).  (feet). 

Selina  chalk 250  250 

Greenish-colored  sand  (Eutaw) 475  725 

349.  Record  of  Mobile  and  Ohio  Railroad  wjcZZ,  MoasoUj  Noxubee  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(fret).  (feet.. 

Clay 8  8 

Limestone  (Selma  chalk) 600  Ws 

Hard  sandstone 3  611 

Soft  sandstone 65  h76 

Greensand  and  water • 40  716 

Soapstone 53  7fi5» 

d51.  Record  ofShuqualaJc  v^ll,  Noxubee  County. 

[Authority,  VT.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Clay 10  10 

Limestone  (Selma  chalk) 760  760 

Sandstone 100  860 

Greensand  and  water 50  910 

Water  rises  within  10  feet  of  surface. 

354.  Record  ofTvell  at  Starhvillef  Oktibbeha  County. 

[Authority,  Bulletin  of  the  Mississippi  Agricultural  and  Mechanical  College,  vol.  1,  No.  2,  p«ge  10.] 

Thicknes  Depth 

(feet),  (feet). 

Surface  soil 14  14 

Selma  chalk 749  763 

Shell  rock 4  767 

Clay  (sandy) 24*  791i 

Shell  rock 7  879i 

Sand  (micaceous) 56  854* 

Clay 10  864* 

Sand 36*  900 

Water  rises  within  190  feet  of  the  surface. 

355.  Record  of  toum  well  at  BatesvilU,  Panola  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feetu 

Surface 10  10 

White  sand 25  35 

Blue  clay 10  45 

Clay  and  sand 215  200 

Rock 2  2da 

Water-bearing  sand 40  302 

Water  rises  20  feet  above  the  surface:  flows  50  gallons  per  minute. 

357.  Record  of  well  at  Barbara ^  Perry  County. 

[Authority,  A.  J.  Thomas,  owner,] 

Thickness  Depth 

(feet).  (fwti. 

Rod  surface  clay 40  4D 

Coarse  sand  and  sandstone 2  <C 

Blue  pi  pe  clay 7  49 

Yellow  sand 13  62 

White  sand  and  sandstone 10  72 
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General  section  of  wells  at  HatHeshurgf  Perry  Cownty. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkina.] 

Thickness  Depth 

(feet).  (teet). 

RnldBhclay 100  100 

Water  and  sand 30  130 

G  pee  nlsh  c  lay 1 60  280 

Water-hearing  sand  and  gravel 20  300 

There  arc  about  25  wells  in  the  town  flowing  from  5  to  50  gallons  per  minute. 

358.  Record  of  well  at  Brown,  Perry  County. 

[Authority,  A.  G.  Brown,  owner.] 

Thickness  Depth 

(feet).  (feet). 

Red  clay 20  20 

Variegated  sand,  of  white,  red,  and  yellow  color,  with  occasional  thin  layers  of "  rock  "...    23  43 
W^ater  obtained  at  38  feet. 

367.  Record  oficeU  at  Ecru,  Pontotoc  County. 

[Authority,  Albert  Goldsbury,  driUer.] 

Thickness  Depth 

(feet).  (feet). 

Red  clay  and  loam 23  23 

Blue  clay 27  50 

Hard  limestone 4  54 

Reddish  muddy  sand 5  50 

Shell  mart 1  60 

Sand 3  63 

Reddish  sand,  water-bearing 10  73 

Gray  clay  to  bottom  of  well 20  .  J  93 

Diameter  of  well.  6  inches.    Water  barely  flows  over  surface,  and  is  raised  to  tank  by  steam  pump. 
It  is  clear,  and  is  used  in  locomotive  boilers. 

979.  Record  of  L.  Maries's  weU  at  Riverside,  Quitman  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Blue  mud 40  40 

Mud  and  water-bearing  sand 45  85 

Water-bearing  sand  and  gravel 50  135 

Sand  and  gravel 40  176 

Soapstone  (clay) 220  396 

Rock i  395} 

Soapstone  (clay) 50  445} 

Rock \  446 

Greensand 10  456 

Lignite 1  467 

Soapstone  (clay)  and  water-bearing  sand 179  636 


Record  of  town  weU  at  Forest,  Scott  County. 

[Authority  W.  N.  Ix)gan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet),  (feet). 

Mud  and  gumbo 60  60 

Black  mud 15  75 

Grayish  sandy  clay 25  100 

Gray  sand  and  iron  pebbles 50  160 

Lime  rock 40  190 

Samdy  rock 5  195 

Dark-gray  hard  rock 22  217 

Water-bearing  sand 2  219 

Water  rises  within  90  feet  of  surface. 
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Record  ofweU  in  sec.  8,  T.  10,  R.  7  W.,  Sharkey  County. 
[Authority,  unpublished  notes  of  E.  A  Smith,  assistant  geologist  of  Mississippi,  1870.] 

Thlclmess  Depth 

(feet),  (feet). 

SandyloanK    |  ^^  ^ 

Dark,  sticky  clay J 

Buckshot  clay 10  30 

Fine,  sticky,  sandy  clay,  containing  water 30 

381.  Record  of  well  at  TaylorsviUe,  Smith  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.l 

Thickness  Depth 

(feet).  (feet). 

Grayish-brown  clay 100  100 

Blue  clay 200  300 

Sand,  gravel,  and  water 15  315 

Brownish  clay 85  400 

Hard  rock 23  423 

Sand 3  426 

Brownish  clay 704  1, 130 

Brown  sand,  very  fine 5  1, 135 

Water  flows  10  gallons  per  minute. 

383.  Record  of  well  at  Dockery,  Sunflower  County. 

[Authority,  Will  Dookery,  owner.] 

Thickness  Depth 

(feet).  (feet). 

White  sand 60  60 

Gravel  and  sand 115  175 

Quicksand  with  strata  of  clay  about  50  feet  apart:  flowing  water 600  775 

Sand  rock  in  layers  18  inches  to  2  feet  thick  interbedded  with  sand 25  800 

Greensand  interbedded  with  rock 129  929 

d94.  Record  of  weU  ai  Charleston^  Tallahatchie  County. 

[Authority,  W.  G.  Harvey,  owner.] 

Thickness  Depth 

(feet).  (fteet). 

Sands,  silts,  and  clays 200  aoo 

Sandstone  rock 10  210 

Lignite  and  lignltic  clays 140  350 

Quicksand 100  450 

Water  rises  8  to.  10  feet  above  the  surface.    Capacity,  25  gallons  per  minute. 

Record  of  town  weU  at  CJtarleston,  TaHahaichie  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (fteet). 

Clay  and  blue  mud 50  50 

Sand 40  90 

Soapstone  (clay) 100  190 

Hard  white  rock 2  192 

Water-bearing  sand 100  292 

Soapstone  (clay) 30  322 

Water-bearing  sand 40  362 

Well  flows  32  gallons  jxir  minute. 

301.  Record  of  well  at  Sta^hom,  Tate  County. 

[Authority,  S.  T.  Clayton,  owner.] 

Thickness  Depth 

(feet).  (fleet). 

Surface  clay 20  20 

Gravel  and  sand 15  35 

Red  sand  which  changes  to  white  sand » 

Pipe  clay  and  sand,  furnishing  water /  ^*  ^^° 

Water  rises  but  a  few  feet  in  the  well. 
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Rscard  ofweU  ai  SenaJtohia^  Tate  CauiUy. 

[Authority,  W.  N.  Logan  and  W.  R.  PerklM.} 

,                     Thickness  Depth 

(feet).  (feet). 

riay 24  24 

Coarse  gravel 15  39 

Quicksand 21  60 

Hay 4  64 

Sand 10  74 

Whit**  clay 2  76 

^and 14  90 

Pipe  clay 2  92 

Water-boarinp  »and 28  120 

Water  stands  wtthln  40  feet  of  the  surface. 

303.  Record  of  well  at  Tunica f  Tunica  County. 

[Authority,  W.  J.  Brigham.] 

Thickness  Depth 

(feet).  (feet). 

Alluvial  sand  and  clay 15  15 

Fino  fdlt,  sand,  and  clay. 75  90 

Fine  white  sand 250  340 

."^and  and  gravel  with  layers  of  lignite ] 

Sand I 

„      ,    .             .             '                                                                                                                    \    526  865 

Hard,  impervious  clay 

White  sand  containing  water J 

Water  is  soft  and  flows  above  surface. 

305.  Record  ofweU  5  miles  we^  of  Longtown,  Tunica  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

Thickness  Depth 

(feet).  (feet). 

Soil  and  clay 30  30 

Sand 110  140 

Pipe  clay 260  400 

Rock 1  401 

Sand 10  411 

Soapstone  (clay) : 60  471 

Sand  and  water 50  521 

Water  flows  15  gallons  per  minute. 

306.  Record  of  well  ai  New  Albany y  Union  County. 

[Authority,  Ed.  Baker,  driller.] 

Thickness  Depth 

(feet).  (feet). 

Surface  clay 20  20 

Calcareous  sandstone 4  24 

Clayey  sand,  water  bearing 15  39 

Blue  sandy  marl  containing  shells,  with  strata  of  limestone  3  to  4  feet  thick  at  occa- 
sional Intervals 165  204 

White  sand,  source  of  water 20  224 

307.  Record  of  city  well  ai  Lelajid,  Washington  County. 

[Authority,  E.  F.  Turner,  chairman  of  water  committee.] 

Thickness  Depth 

(feet).  (feet). 

Buckshot  clay 2  2 

Fine  sand 138  140 

Gravel 14  154 

Hard  blue  clay,  containing  six  strata  of  sandstone  rock,  ranging  in  thickness  from  6 

inches  to  2  feet 298  '       -452 

Coarse  gray  sand 60  612 

.Vnalysis  of  the  above  water  is  reported  to  have  given  154.1  parts  per  million  of  solid  matter,  119.8 
of  which  were  soda. 
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309.  Record  of  town  well  at  Wayjieshoro,  Wayne  County. 

[Authority,  W.  N.  Logan  and  W.  R.  Perkins.] 

-                                                                                        Thickness  Depth 

(feet).  (fwti. 

Surface  clay 30  30 

Sand  and  water 150  180 

Marl  and  clay  with  flint  *  "bowlders" aOO  480 

Water-bearing  sand 20  500 

Clay 25  525 

Water  flowed  above  surface  from  180  feet. 

31§.  Record  of  well  at  Water  Valley,  Yalobusha  County. 

[Authority,  R.  F.  Kimmons,  mayor.] 

Thickness    Depth 
(feet).        (fert). 

Common  surface  clay 12  12 

Water-bearing  sand 15  27 

Stiff  pipe  clay 18  45 

Water-bearing  sand 15  fO 

The  city  of  Water  Valley  has  nine  wells  similar  to  the  above,  which  furnish  500,000  gallons  of  water 
per  day.  Water  stands  within  12  feet  of  the  surface.  Six  of  the  wells  have  furnished  the  above  amount 
of  water  without  any  appreciable  variation.    All  the  wells  are  dug  within  a  radius  of  100  feet. 

Record  ofweU  in  sec.  2S,  T.  U,  R.  ^  W.,  Yazoo  County. 

[Authority,  unpublished  notes  of  £.  A.  Smith,  assistant  geologist  of  Mississippi,  1870.] 

Thickness  Depth 

(feet).  (feet  I. 

Surface  soil 2J  2* 

Red  clay 6  84 

Buckshot  clay ^^ 

Blue  mud /    2^*  ^ 

Water  is  warm  and  has  slight  mineral  taste. 

SANITARY  ASPECT  OF  WELLS. 

There  is  a  widespread  popular  belief  that  clear,  cold  water  coining  from  any  kind  of  wi*ll 
is  pure  and  wholesome,  and  until  recent  years  the  open  well  has  been  considered  one  of 
the  most  valuable  adjuncts  of  the  home  or  farm.  In  reaUty,  however,  wells  of  the  open 
type  are  especially  liable  to  pollution  and  may  be  the  source  of  disease.  On  many  premises 
the  open  well  is  in  the  lowest  ground,  and  above  it  on  the  slopes  are  bams,  outhouses,  and 
dwellings.  •  Such  a  case  is  illustrated  in  PL  VI,  B.  The  lowest  ground  is  chosen  for  the 
well  because  water  is  found  there  at  less  depth  than  elsewhere.  The  fact  that  the  impuri- 
ties from  the  sources  mentioned  are  carried  both  by  the  surface  water  after  each  rain  and  by 
underground  seepage  downward  in  the  direction  of  the  well  is  commonly  lost  sight  of. 
Water  laden  with  impurities  may  either  enter  the  top  of  the  well,  where  this  is  unpro- 
tected by  embankments,  or  it  may  enter  through  the  wood,  brick,  or  stone  curbing.  The 
pollution  of  the  well  by  seepage  is  especially  likely  to  occur  where  the  soil  is  porous  and  the 
well  shallow,  and,  in  limestone  regions,  where  open  underground  channels  exist. ' 

It  is  not  infrequently  the  case  that  open  wells  are  left  uncovered,  so  that  impurities  car- 
ried by  the  winds  are  free  to  .settle  through  the  open  mouth.  Where  covered,  the  top  of 
the  well  is  often  but  little  above  the  ground  level,  and  the  covering  is  made  of  unjointod 
planks  loosely  thrown  down  and  having  large  openings  between  them.  Wooden  curbs, 
which  in  dry  weather  shrink  and  later  admit  much  surface  water  to  the  well,  are  in 
common  use.  Chickens  and  pigs  tramping  around  the  barnyard  and  open  privies  and  work- 
men from  the  barnyard  or  manured  fields  often  carry  filth  on  their  feet.  The  first  shouTr 
of  rain  or  the  drippings  from  the  well  bucket  may  carry  these  poisonous  germs  into  the  well. 
There  are  numerous  instances  in  Mississippi  where  little  cesspools  have  been  dug  in  the 
ground  near  the  wells  and  are  kept  filled  with  water  for  chickens,  ducks,  turkeys,  and  pigs. 
This  water  becomes  highly  polluted  and  more  or  less  of  it  sinks  into  the  earth  and  finds  its 
way  directly  into  the  well. 
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A.     OUTFIT   FOR   DRIVING  TUBULAR  WELLS. 
Such  wells  are  ordinarily  safe,  as  the  shallow  polluted  waters  are  shut  off. 


B.     A  COMMON    BUT   HIGHLY    DANGEROUS   WELL   LOCATION    NEAR    BARNS 
AND   OUTHOUSES. 

Drainage  is  toward  well.     Pnctograpn  by  M.  L.  Fu  ler. 
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When  in  health  the  human  body  is  resistant  to  disease,  and  polluted  waters  may  be  used 
for  years  without  causing  sickness:  if,  however,  the  human  system  for  any  reason  becomes 
weakened,  disease  germs,  if  present,  may  rapidly  develop.  Many  outbreaks  of  typhoid 
fever,  both  in  this  country  and  in  Europe,  have  been  traced  to  polluted  wells  or  to  milk 
distributed  in  cans  washed  in  the  water  from  them. 

The  well,  if  used  for  drinking  water,  should  occupy  a  high  point  on  the  premises  and 
should  lie  so  situated  that  polluted  waters  from  any  source  can  not  run  near  it .  If  the  well 
is  an  open  one  the  upper  part  should  be  dome-like  in  shape  and  sealed  with  c«ment,  with  a 
tightly  fitting  top,  so  that  no  impurities  of  any  kind  can  get  in. 

Many  who  are  accustomed  to  the  open  well  have  a  prejudice  against  drinking  water  from 
an  iron  pump.  The  driven,  bored,  and  drilled  wells  have,  however,  many  advantages  over 
the  laiige  dug  wells,  some  of  which  are  as  follows: 

1.  There  is  less  possibility  of  getting  impurities  into  small-bore  wells  put  down  with 
machinery. 

2.  There  is  always  a  possibility  that  rats,  frogs,  and  other  objectionable  animals  or  matter, 
such  as  filth  from  the  barnyard,  will  get  into  an  open  well  if  the  cover  is  left  off  in  some 
unguarded  moment.  The  well  of  small  diameter  which  has  a  pump  in  it  is  sealed  from 
all  small  animals,  bugs,  and  even  dust.  A  few  strokes  of  the  pump  will  remove  the  water 
which  has  been  standing  in  the  pipe  and  bring  up  water  which  is  fresh  and  uncontaminated. 

3.  Hie  well  of  small  diameter,  when  properly  made,  shuts  off  all  surface  waters  and 
objectionable  seepage  waters.  If  a  good  supply  is  found,  all  the  objectionable  waters  above 
and  below  should  be  cased  off,  so  that  only  the  desirable  supply  is  admitted  into  the  pipe. 

The  s&<;alled  "streams"  of  water  in  Mississippi  and  the  entire  Gulf  embayment  area 
occur  in  horizontal  sheets  of  sand.  These  watei^bearing  sands  are  usually  overlain  by 
layers  of  clay  which  prevent  the  waters  immediately  above  the  clay  from  entering  the  sands 
below.  Where  this  tough  clay  layer  is  penetrated  by  the  drill  the  water  from  above  wiU 
flow  down  to  the  bottom  of  the  well  unless  it  is  shut  off.  But  when  iron  casing  is  put  in, 
packing  can  be  placed  between  the  outside  of  the  pipe  and  the  clay  layer,  thus  sealing  up 
the  hole  made  by  the  drill  and  shutting  off  imdesirable  waters. 

4.  It  is  not  possible  to  dig  wells  by  hand  to  a  very  great  depth,  and  in  some  instaAicCv*., 
as  in  some  localities  in  the  Northeast  Prairie  and  in  the  Yazoo  Delta,  it  is  impossible  to  dig 
them  to  the  desired  source  of  water  w^ithout  putting  in  some  kind  of  curbing.  In  the 
various  artesian  basins  over  the  State  artesian  wells  are  obtained  only  by  drilling  or  boring. 

If  water  runs  through  a  sufficient  amount  of  pure  sand  it  will  give  up  a  considerable  part 
of  its  impurities.  A  laige  part  of  the  surface  of  Mississippi  is  made  up  of  such  sand,  which 
serves  as  »  natural  filter  for  the  waters.  In  the  more  hilly  sections  of  the  State  this  sand 
contains  such  a  small  amount  of  decayed  organic  matter  that  waters  even  from  the  shallow 
wells  in  the  Lafayette  sands  rarely  show  a  trace  of  organic  matter.  The  shallow  wells  very 
seldom  have  any  strong  undesirable  minerals  in  their  waters,  so  that  such  wells  in  the  rural 
hilly  districts  of  the  State  furnish,  as  a  rule,  excellent  drinking  water. 

Conditions  are  different  in  the  Yazoo  Delta  and  in  the  Northeast  and  Central  prairies. 
The  delta  is  a  low,  recently  formed  land,  made  up  of  sands  and  clays  containing  a  large 
amount  of  decayed  vegetation.  The  soil  is  very  fertile  and  produces  a  vigorous  growth  of 
succulent  plants,  many  of  which  grow  up  and  decay  in  a  year.  Large  quantities  of  free 
ammonia,  albuminoids,  nitrates,  and  nitrites  are  thus  set  free,  part  of  which  are  carried  down 
into  the  soil  and  thus  come  in  contact  with  the  waters,  which  rise  within  a  few  feet  of  the 
surface. 

In  the  Northeast  and  Central  prairies  much  of  the  surface  sand  has  been  removed,  leaving 
a  limestone-clay  soil,  which  as  a  rule  is  barren  of  w^ater. 
iRB  159—06 6 
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Aberdeen,  wellsat 68,76 

Ackerman,  well  at 76 

Adams  County,  deacrlption  of 27 

rocks  of 27,40-41 

wells  of 27 

Alabama,  rocks  In 21,24 

Aiabama-Mlsslsslppi  River  section,  figure 

showing 19 

Albln,  well  at 58-50 

Alcorn  County,  description  of 27 

rocks  In 7,8,20,21 

wells  In 27,40-41,60 

Allison,  R.  A.,  well  records  by 35,60 

Alluvium,  character  of 5 

occurrence  of 13 

water  value  of 5 

Amite  County,  wells  of 27 

Amory,  weUsat 54-65,68,76 

Antloch,  rocksat 8 

Artesia,  weU  at 54-56,67,76 

Artesian-water  map  of  Mississippi 20 

Artesian  wells.    See  Wells,  artesian. 

Attala  County,  rocksln 23 

well  In 27,31,40-41,60 

B. 

Baker,  Ed.,  well  record  by 73 

Baldyn,  spring  at 79 

well  at 52-53,67 

Barbara,  well  at 56-^7,70 

Bamett,  wells  at 2^29,40-41 

BatesvUle,  well  at 9,22,36,56-57,70,76 

Battlefield,  rocksat 10 

Bay  St.  Louis,  rainfall  at 14 

spring  at 79 

weUat 26,27,42-45,62 

Belen,  wells  at 56-57 

Belmont,  well  at 58-50 

Benton  County,  rocksln 22 

wells  In 22,27 

Big  Black  Rlver,course  of 3,34 

rocks  on 31 

wells  on 28,34,35 

Big  Sandy  Creek,  wellson 28 

Bigbee  Valley,  well  at 54-55 

Biloxi,  wells  at 25,20,44-45,76 

Blloxl-Pass  Christian,  wells  along,  section 

of 25,62 

Btestdng,  I.  W.,  well  record  by 63 

Blue  Mountain,  spring  at 79 

BlueSprtngs,  rocksat 8 

Bluif  formation.    See  Loess. 


Fsge. 

I   BoUvar  County,  rocks  In 28 

wellsin 28.40-41,60 

Bolton,  well  at 31,34,48-49 

Bond,  well  at 44-45 

Booneville,  elevation  of 2 

wells  at 37 

Brandon,  rocksat u 

Brigham,  W.  J.,  well  record  by T3 

Broo|baven,  wells  at 52-65, 76 

BrookvlUe,  well  at 54-65,60 

Brown,  well  at 56-67, 71 

,  Brown,  A.  O.,  well  record  by 71 

I  C. 

,  Caledonia,  springs  at 79 

I  weUat 35,54-56 

Calhoun  County,  description  of 28 

rocksln 22,28 

streams  of 28 

wells  in 22,28 

Canton,  wells  at 34,54-55,68,76 

I  Carboniferous  rocks,  character  of 5,6 

occurrence  of 4,6,38 

water  value  of 5, 6 

Carroll  County,  description  of 28 

rocksln 10,23,28 

weUsin 28,40-41,60 

Carrollton,  wells  at v 28, 40-41 

Cedar  Bluffs,  wellat 42-43,61 

Chalk,  porosity  of I6 

Chamberlin,  T.  C,  artesian  conditions 18 

Charleston,  wells  at 58-50,72 

Cherry  Creek,  elevation  at 22 

Chester,  wells  at 40-41 

Chickasaw  County,  rocksln 8,21,28 

wellsin 28,40-41,61 

Chickasawhay  River,  elevation  of 4 

rocks  on 11, 24 

wellson 24,30,36,30 

Choctaw  County,  rocks  in 22 

wpIIs  In 28, 40-41 

Chunkey,  wells  at 36,54-55 

Claiborne  County,  rocks  in 25 

wellsin 28,40-41,61 

Claiborne  group,  description  of 5.9-10 

dip  of 24 

occurrence  of 28, 20, 31, 33, 34, 35, 37, 38, 39 

dlvi.sions  of 5 

water  value  of 5, 10, 23-24 

Clarke  County,  description  of 28 

rocksln 10,28-29    ' 

wellsin 23,28-20,40-43,61 

Clarksdale,  wellat 29,42-43,76 

81 
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Clay,  porosity  of 16 

Clay  County,  rocks  in 8,29 

wells  in 29,42-43,61 

Clayton,  S.  T.,  well  record  by 72 

Clayton  limestone,  character  of 5, 8 

occurrence  of 8 

water  value  of 5,8 

Cleveland,  wells  at 40-41,76 

Cliftonville,  well  at 54-55,69,76 

Coahoma  County,  wells  in 29, 42-43 

Coilee  sands,  components  of 6 

Cofleeville,  well  at 9,23,39,58-59 

Coldwater  Creek,  character  of 3 

Columbia,  wells  at 25, 34, 54-55,76 

Columbia  loam,  occurrence  of 32 

Columbus,  wells  at 34,54-55,67,76 

Commerce,  well  at 58-59 

Cooksville,  well  at 54-55 

Copiah  County,  rocks  in 12,25,29 

wells  in 29-30,42-43 

Corinth,  wells  at 4,6,7,27,40^41,60 

Covington  County,  wells  in 30 

Crawford,  well  at 54-55,76 

Cretaceous  rocks,  character  of 5, 6-8 

occurrence  of 4, 6-8, 37, 38 

water  value  of 5, 6-8 

Crevi,  well  at. 58-59 

Crtder,  A.  F.,  well  record  by.....' 68 

work  of 1 

Cruger,  well  at 48-49 

Cunningham,  J.  B.,  well  records  by 69, 70 

D. 

Daniel,  rocks  at 11 

Darton,  N.  H.,  on  Jackson  well 31 

De  Soto,  well  at 29, 40-41 

De  Soto  County,  rocks  in 12 

wells  In 30 

Deer  Creek,  wells  on 63 

Dclisle,  well  at 31,46-47 

Devonian  rocks,  character  of 5, 6 

correlation  of 6 

occurrence  of 4,6,38 

water  value  of 5, 6 

Dixon,  well  at 54-55 

Dixon,  A.,  well  record  by 62 

Dockery,  well  at 58-50,72,76 

Dockery,  Will,  well  record  by 72 

Doddsvllle,  well  at 58-50,70 

Dolomite,  porosity  of 16 

Dumas,  well  at 68-50 

Durant,  spring  at 79 

wells  at 48-49,76 

E 

Eagles  Nest,  well  at ! 42-43 

Eastville,  rocks  at 10 

Ecru,  elevation  at 22 

well  at 22,37,56-57,71 

Ellisville.  well  at 25, 32, 50-51 ,  65 

Enterprise,  wells  at 29,40-41,01,77 

Eocene  rocks,  character  of 5 

water  value  of 5 

Eutaw,  Ala.,  Eutaw  formation  at 7 

Eutaw  formation,  character  of 5,7,20 

dipof 21 

occurrence  of 7,20-21,33,35 

water  value  of 5,7,21 


Eutaw-Tuacaloosa  horizon,  water  Talue  of.  20-21 
Evaporation,  amount  of 15 

F. 

Feigler,  C.  E.,  well  records  by 34,67 

Field  work,  scope  of 1 

Flatwood,  rocks  at : 8 

Flatwoods  area,  location  and  character  of. .        8 

Flora,  well  at 54-55 

Florida,  rocks  in 24 

Fontainebleau,  wells  at 26,48-49 

Ford,  J.  L.,  well  records  by 62,64 

Forest,  elevation  at 3 

well  at 37,56-57,71 

Forrest,  well  at 50-51 

Fort  Andrews-Gattman     section,      figure 

showing 20 

Franklin  County,  wells  in 30 

French  Camp,  rocks  at 10 

O. 

Gattman,  well  at 54-55,69 

Gattman-Fort    Andrews    section,    figare 

showing 20 

Geography,  outline  ot 2 

Geology,  description  of 4-13 

Glendora,  well  at 58-59,77 

Goldsbury,  Albert,  well  record  by 71 

Graham,  rocks  at 8 

Grand  Gulf  formation,  character  of 5,11-12 

dipof 25 

occurrence  of 11-12, 

25,27,28,29,30,31,32,33,34,37,38 

section  of 25 

water  val lie  of 5,12,24-26 

Granite,  porosity  of 16 

Greene  County,  wells  In 30 

Greenville,  elevation  of 3 

well  at 7? 

Greenville- West      Point     section,     figure 

showing 19 

G rcen wood,  elevation  of 3 

wells  at 24,34,52-53,67,77 

Grenada,  rocks  at 9,10,35 

wells  at  and  near 30, 42-43,62,77 

Grenada  County,  rocks  In 23 

wells  in 30,42-43,62 

Ground-water  table,  topography  and,  rela- 
tions of 16-17 

topography   and,    relations   of,    figure 

showing 17 

Gulf  Coastal  Plain,  artesian  conditions  in..  18-19 
artesian  conditions  in,  figure  showing..       IS 

geologic  conditions  on 1 

water  conditions  on 1 

Gulfport,  well  at 26,46-47.77 

Guntown,  wells  at 52-j^ 

n. 

Hancock,  wells  at 30-31 

Hancock  County,  description  of 3D 

rocksin 11-12,27,30 

wells  in 30-31,42-45,62 

llansboro,  wells  at 46-47 

Harris,  G.  D.,  on  Clayton  limestone S 

Harrison  County,  description  of 31 

rocksin. 11-12,27.31 

wells  in 81,44-49,62-63 
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Hanrey,  W.  G.,  weU  record  by 72 

Hattiesbuxg,  pocka  at 25 

wellaat 36,56-57,71,77 

Hazlehunt,  eleyation  near 4 

spzings  at 79 

Hecla,weUat 56^7 

Hermanville,  wells  at 4(M1,61 

Hernando,  well  at 30 

Herrington,  W.  G.,  well  r9Cord  by 61 

Hickory,  wella  at 54-55, 77 

Hilgard,  E.  W.,  on  Claiborne  formation 10 

on  Clajrton  limeatone 8 

on  Grand  Gulf  formation 11 

on  Ugnitic  formation 9 

on  Port  Hudson  formation 13 

on  yellow  loam 13 

well  sections  by : 63,68 

Hinds  Ck>anty,  rocks  in 12,25,31 

wells  in 31,48-49,63 

Hinze,  rocka  at .• 10 

Holly  Springs,  elevation  near 3 

well  at 54-55,68,77 

Holmes  County,  description  of 31 

wells  in 24, 31, 39, 4^-49 

Horn  Lake,  elevation  near 3 

Houston,  rocksat 8 

Howison,  well  at 46-47, 63 

Hadsonville,  well  at 64-55 

Enrricane  Creek,  rocks  at 10 

I. 

Indian  Creek,  rocks  on 6 

Indlanola,  wells  at 58-59, 77 

Iron,  occurrence  of 12 

Issaquena  County,  roclcsin 32 

wells  in 32,63 

Itawamba  County,  rocks  in 6,12,20,32 

wells  in 32 

Ittabena,  well  at 52-53,77 

luka,  elevation  of 2 

luka  Springs,  character  of 38 

J. 

Jackson,  rocks  near 11 

wellBat 24,81,32,48-49,63,77 

Jackson  County,  description  of 32 

rocks  in 11-12,27,32 

wdlsin 32,48-51,64 

Jackson  formation,  character  of 5, 10 

oocurrenoeof 10,28,31,32,36,37 

views  of 10 

water  value  of 5, 10-11 

Jackson  prairies,  Jackson  formation  on 3, 10 

topography  of 3 

Jasper  County,  wells  In 32 

Jefferson  County,  wells  In 32 

Johnson,  L,  C,  on  Jackson  well 32 

on  Pascagoula formation 11,24 

work  of 1 

Jones  County,  rocks  in 32 

wells  in 32,50^1,65 

lonestown,  well  at 42-43 

K. 

Kenaper  County,  rocks  in 8,22,32 

wells  in 32,50-51 


Page. 

Kimmons,  R.  F.,  well  record  by 74 

Kindle  and  Schuchert,  correlation  by 6 

Kosciusko,  rainfall  at 14 

well  at 27,40-41,60 

Kossuth,  rocks  near 8 

L. 

La  Grange  group.    See  Wilcox  formation. 

Ladd, ,  on  Noxubee  County  well 36 

Lafayette  County,  rocks  in 12,22 

wells  In 32-33,50-51,65 

Lafayette  formation,  character  of 5, 12 

dip  of 27 

occurrence  of 12,22, 

23, 26, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 39 

water  value  of 6, 12, 26-27, 75 

Lamar  County,  wells  of 33,50-51,65 

See  also  Marion  County. 

Lambert,  wells  at 56-57 

Lauderdale,  wells  at 33,50-51 

Lauderdale  County,  description  of 33 

rocks  in 22,23,33 

weUsin 23,33,60-53,66 

Laurel,  well  at 25,32,50-51 

Lawrence  County,  rocks  in 33 

wells  In 33,52-63 

Leaf  River,  elevation  of 4 

wells  on 36 

Leake  County,  rocks  in 10,23,33 

wells  in 33,66 

Lee  County,  rocks  in 8,33 

wells  In 33,52-53,67 

Leflore,  well  at 77 

Leflore  County,  description  of 34 

rocks  in 34 

wells  In 24,34,52-53,67 

Leland,  elevation  of 3 

section  at 30 

well  at 39,.5»-59,73,77 

Lexington,  wells  at 48-49, 77 

Lignltic  formation.    See  Wilcox  formation.      » 

Limestone,  porosity  of 16 

Lincoln  County,  rocks  in 12,34 

wells  in 34,52-55 

Lisbon  formation,  character  of 5, 10 

occurrence  of 10, 28-29, 36, 39 

water  value  of 5, 10 

Loam,  yellow,  character  of 5, 13 

occurrence  of 13 

water  value  of 6 

Loess,  character  of 5, 13 

occurrence  of 13, 27, 31 

water  value  of 5 

Logan,  W.  N.,  well  records  by 60, 

61, 62, 63, 64, 65, 86, 67^  68, 69, 70, 71, 72, 73, 74 

Logtown,  well  at 24, 44-45 

Longbeach,  well  at 26, 46-47 

Long-leaf-pine  hills,  topography  of. 3-4 

Longtown,  well  at 56-57, 58^59, 73 

Louisville,  elevation  at 3 

weUat 58-59 

Lowndes  County,  rocks  In 7,8,20,34 

wells  in 34,54-55,67 

Lumberton,  well  at 50-51,65 

Lyman,  well  at 46-47 

Lyon,  weUat 29,42-43,77 
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ICaben,  rooksnear &-0 

ICacon,  elevation  of. 2 

rocks  near 8 

well«  at  and  near 36,54-57,70,77 

licLauren,  wellaat 56-57 

Madison  County,  wells  In 34,54-56,68 

Mammoth  Springs,  springs  at 79 

Map,  artesian,  of  Mississippi 20 

Map,  geologic  and  contour,  of  Mississippi . .         4 

Marion  County,  wells  in 34,54-55 

Marksville,  weU  at 77 

Marshall  County,  rocks  in 12,35 

weUsin 35,5+-55,68 

Meeh&n  Junction,  well  at 33,50-51 

Memphis,  Tenn.,  well  at 9 

Meridian,  rocksat 9 

spring  at 79 

weUat 33,50-53,66 

Mlddleton,  Tenn.,  rocks  at  and  near 8 

Midway  group,  description  of 8-9 

divisions  of 5 

water  value  of 5, 8-9 

occurrence  of 38 

Mlnter  City,  wells  at 34,62-53,67 

Miocene  rocks,  character  of 5 

water  value  of 5 

Mississippi  City,  well  at 26,4<M7 

Mississippi  River,  rocks  on 12 

Mississippi  River-Alabama  section,  figure 

showing 19 

Mlssissippian  rocks,  character  of 6 

occurrence  of 6 

water  value  of 6 

Mobile  and  Ohio  River  Company,  well  rec- 
ord by 67 

Monroe  County,  rocks  in 7,8,20,35 

weUsin 36,54-55,68-69 

Monterey,  rocksat 11 

Montgomery  County,  rocks  in 35 

weUsin :  36,54-55,69 

Mooresvilie,  wellat 67 

Moorhead,  well  at 38,58-59,77 

Moss  Point,  weUs  at  and  near. . .  26, 33, 48-40, 64, 77 
Muldon,  well  at 54-56 

N. 

Natchez,  wells  at 27,40-41 

Neshoba  County,  rocks  In 23, 35 

wclUin 35,54-55 

Nettieton,  well  at 52-53 

New  Albany,  elevation  at 22 

woUsat 22,38,58^,73 

New  Scotland  beds,  correlation  of 6 

Newton  County,  rocks  in 36 

weUsin 23,24,36,54-55 

Nicholson,  weU  at 44-45 

North-central  plateau,  topography  of 2-3 

Northeast  Prairie,  topography  of 2 

weUs  on 75 

Noxubee  County,  rocks  in 8 

weUsin 36,54-57,69-70 

Nugent,  weUat 46-47 

O. 

Oaknoxubee  River,  weUson 36 

Ocean  Springs,  weUat 26,50-51,64,77 


P«e 

Okatlbbee  Creek,  wbU  on 33 

Okolono,  weU  at 28,40-41.61 

Oktibbeha  County,  rocks  in 8,9,36 

weUsin 36,56-57,70 

Ollgooene  rocks,  character  of i 

water  value  of 5 

OUve  Branch,  elevation  of. 3 

Orange  sand,  name  of i 

See  also  Lafayette  formation. 

O'ReUly,  weU  at 40-41 

Osbom,  weU  at 5»i-S7 

Oxford,  rocks  near 36 

wells  at 23,50-61,63 

P. 
Panola  County,  rocks  In 12,36 

wells  In 36,56^7.70 

Pascagoula  formation,  character  of 5, 11 

occurrence  of 11, 24,31, 32 

water  value  of 5, 11,24 

Pascagoula  River,  elevation  of i 

rocks  on 11,34 

Pass  Christian,  wells  at 26,31, 4&-l9,n 

Pass  Christian-Blloxi,  wells  along,  section 

of 25,62 

Paulding,  wellsat 32 

Pearl  River,  course  of 3,33.34 

weUson 33,34,38 

Pearl  River  County,  weUs  In 36 

Percolation,  amount  of 15 

depth  of 15 

rate  of 16 

Perkins,  W.  R.,  well  records  by 60, 

61, 62, 63, 64, 65, 66, 67, 68, 09, 70, 71, 72. 73. 74 

Perry  County,  wells  in 36,56-67,70-71 

Philadelphia,  rocks  near 9,10 

Picayune,  wcU  at 44-15 

Pickens,  weU  at 31,48-49 

Pike  County,  rocks  in 36 

springs  in 36 

Pine  Ridge,  weU  at 40-41 

Plantersville,  wells  at 33,52-^ 

Plattsburg,  rocksat 10 

Pollution  of  wells.    See  Wells,  pollution  of. 
Pontotoc,  elevation  at 23 

weUsat 22,37 

Pontotoc  County,  rocks  in 8,21,37 

wells  in 37,56-57,71 

Pontotoc  divide,  elevation  of 3 

Porosity,  amount  of 16 

Port  Hudson,  rocksat 13 

Port  Hudson  formation,  character  of 5, 13 

occurrence  of 13,32,36,37 

water  value  of 5, 13 

Porters  Creek  clay,  character  of 5,8 

occurrence  of 8-9,22,28,36 

water  value  of 5, 9 

Prentiss  County,  rocks  in 6,7,8,30 

weUsin* 33" 

Pumps,  views  of W 

Q. 

Quaternary  rocks,  character  of 5, 13 

occurrence  of *' 

water  value  of ^f^ 

Quitman,  springsat '^ 

weUsat 29,4M3,77 
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Page. 

Qnitman  County,  rocks  in. 37 

Bectonin 37 

wellBln 37,66-57,71 

R. 

Rainfall,  amount  of 1,14-15 

dispoaal  of 15 

map  showing 14 

Raleigh,  rocks  at 11 

Rankin  County,  rocks  In 12,25,37 

springs  In 37 

wells  in 37 

Ravine,  wells  at 54-55, 70 

Raymond,  rocks  at  and  near 11,12,25 

spring  at 79 

Red  Bluff,  weJl  at 5ft-59 

Riley,  W.  F.,  well  record  by 69 

Ripley,  elevation  of 2,22 

rocks  near 8 

Ripley  formation,  character  of 5, 8 

dip  of 22 

occurrence  of 8,21,27,37,38 

water  value  of 5,21-22 

Rivers.    See  Streams. 

Riverside,  section  at 37 

wells  at 37, 56n57, 71,77 

Robinson  Springs,  springs  at 70 

Rose  farm,  well  at 24 

Rotten  limestone.    See  Selma  chalk. 

Ruleville,  wells  at 58-50,78 

Run-off,  amount  of 15 

Rusk,  wells  at 62-53 

S. 

Saffozd,  J.  M.,oD  La  Grange  group 0 

Si.  Stevens  formation,  divisions  of 10 

Sand,  filtration  by 75 

porosity  of 16 

Sandstone,  porosity  of 16 

Sanitation,  wells  and,  relations  of. 74-75 

Sardia,  well  at 78 

SarUrtla,  well  at 58-59 

Saucier,  well  at 48-40 

Schuchert  and  Kindle,  correlation  by 6 

Scooba,  rocks  at  and  near 8,9,78 

Scott  County,  description  of 37 

rocks  of 37 

weUsof 37,56-57,71 

Scranton,  well  at 26,50-51,64,78 

Sexmnton-Tenoessee  River  section,  figure 

showing 20 

Selma  chalk,  character  of. 5, 7 

occurrence  of 7-8,20-21,29,32,33,34,35,36 

outcrop  of,  view  of 6 

water  value  of 5 

Selma  prairie,  wells  on 21,36 

Sena tobia,  well  at . : 73, 78 

Shannon,  well  at 52-53 

Sharkey  County,  wells  of 37, 72 

Sharkey  Landing,  well  at 58-59 

Stierman ,  well  at 56-57 

Ship  Island,  well  at 48-49, 63 

Shooner  River,  wells  on 22,28,37,39 

ShubuU,  wells  at. 29,42-43,61,78 

Shuqualak,  rocks  near 8,9 

well  at 5frn67,70 
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Siding,  wells  at 33,52-53 

Sliver  Creek,  wells  on 52-53,63 

Simpson  County,  rocks  in 12, 25,37 

wells  of 37 

Slichter,  C.  8.,  figure  by 17 

Smith,  E .  A .,  on  Pascagouia  formation 11 

on  Wilcox  formation 9 

well  records  by 60,63,66,72,74 

Smith  County,  rocks  of 38 

wells  of 38,56^7,72 

Smiths,  well  at 63 

Springs  (P.  O.),  springs  at 79 

Springs,  water  of,  analyses  of 70 

Staghom,  well  at 58-59.72 

Star,  rocks  at 12,26 

Starkvllle,  roclcs  near 8 

wells  at 21,36,56-57,70,76,78 

Sterling,  rocks  at 10 
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Stratigraphy,  description  of 4-^ 

Streams,  deposition  by 3 

elevations  along 3 

Sumner,  well  at 56-57, 58-^0 

Sunilo we  r,  well  a t 68^9, 78 

Sunflower  County,  rocks  in 38 

wells  in 24,38,58-59,72 

Sunflower  River,  character  of 3 

Sutter,  L.,  on  water  horizons 26 

Swanlake,  well  at 58^9 

T. 

Tallahatchie  County,  description  of 38 

rocks  oL 38 

wells  of 38,58-59,72 

Tallahatchie  River,  character  of 3 

deposition  on 13 

flowing  wells  along 22,37 

location  of 33 

rocks  on 8 

Tallahatta  buhrstone,  character  of. 5, 9-10 

.  occurrence  of 10,28-29,31,33,34,35,36 

outcrop  of,  view  of 6 

water  value  of 5, 10 

Tate  County,  rocks  In 12,38 

wells  In 38,58-59,72-73 

Taylorsville,  well  at 25,38,56-^7, 72, 78 

Tchula,  wells  at 31,38-39,48-49,78 

Tennessee  River  hills,  topography 2 

Tennessee  River,  Scranton   section,   figure 

showing 20 

Tertiary  rocks,  character  of 5, 8-13 

occurrence  of 4,8-13,37 

water  value  of 5,  S-13 

Thomas,  A.  J .,  well  record  by 70 

Timl)er,  supply  of 2 

Tippah  County,  rocks  in 8,21,38 

wells  In 22,38,58-59 

Tippah  Creek,  wells  on 22,27,38 

Tishomingo  County,  rocks  in 6, 7, 12, 20, 38 

wells  in 38 

Tomblgbee  River,  basin  of,  rainfall  and  run- 
off in  15 

valley  of,  elevation  of 2 

topography  of 2 

wells  on 32,35,36 
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WORK  OF  THE  EASTERN  SECTION  OF  HYDROLOGY  IN 

1905,  AND  PUBLICATIONS  RELATING  TO 

UNDERGROUND  WATERS. 


By  Mybon  L.  Fuller. 


INTRODUCTION. 

The  present  report  is  the  fourth  volume  of  miscellaneous  short  contributions,  the  preceding 
volumes  of  which  appeared  under  the  title  of  "Contributions  to  the  Hydrology  of  E^ast- 
em  United  States."  The  change  in  name  is  made  with  the  view  of  more  clearly  indicating 
the  scope  of  the  report. 

The  present  volume  contains  eleven  papers  by  six  authors,  mainly  connected  with  the 
eastern  section  of  the  division  of  hydrology.  These  papers  are  predominantly  of  a  theo- 
retical or  general  character;  papers  relating  to  local  areas,  such  as  the  quadrangle  descrip- 
tions appearing  in  the  previous  reports,  are  omitted,  as  it  has  been  shown  that  there  is  less 
demand  for  such  descriptive  contributions  than  for  general  or  theoretical  papers,  which 
often  have  practical  engineering  and  geologic  applications.  The  fact  that  the  report  makes 
available  a  considerable  number  of  short  contributions  which  could  not  otherwise  be  satis- 
factorily placed  before  the  public  is  one  of  the  leading  reasons  for  its  publication. 

As  in  previous  reports,  the  present  volume  covers  a  wide  range  of  subjects,  including 
papers  on  (1)  artesian  nomenclature  and  the  representation  of  ground-water  data  on  maps, 
(2)  occurrence  of  ground  waters  in  igneous  rocks,  (3)  description  of  the  ground-water 
resources  of  special  localities,  (4)  the  use  of  wells  in  the  drainage  of  wet  lands,  (5)  the 
amount  of  ground  water  in  the  earth,  (6)  a  method  of  tracing  undei ground  currents,  (7) 
spring  waters  of  peculiar  composition,  (8)  depths  reached  by  boring,  (9)  flowing  wells  and 
springs,  (10)  problems  of  water  contamination,  and  (11)  improvement  of  water  in  wells. 

WORK  OF  THE  EASTERN  SECTION  OP  HYDROLOGY. 

Peraonnd. — Of  the  permanent  members  of  the  section,  M.  L.  Fuller  has  continued  in 
charge  of  the  work  in  eastern  United  States,  and  in  addition  to  executive  duties  has  given 
special  attention  to  the  water  supplies  of  Pleistocene  and  Coastal  Plain  deposiu.  F.  U. 
Clapp  has  been  engaged  mainly  in  the  investigation  of  Pleistocene  geology  and  its  relation 
to  underground  waters.  E.  E.  Ellis  has  devoted  the  greater  part  of  the  season  to  a  study 
of  the  occurrence  of  ground  waters  in  igneous  rocks,  especially  those  of  Connecticut.  Isaiah 
Bowman  has  been  engaged  in  6eld  work  and  in  the  preparation  oi  a  report  on  the  methods 
of  well  drilling  in  use  in  different  parts  of  tbe  country.    Samuel  banford  has  had  chaigo 
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of  the  collection  of  deep-well  records  and  samples.  B.  L.  Johnson  has  devoted  his  time 
to  a  laiTTc  extent  to  the  preparation  of  a  bibliography  of  the  undeipt)und  waters  of  the 
United  States. 

In  addition  to  the  permanent  force  the  following  have  been  engaged  in  wotk  for  the 
section  during  the  year:  W.  S.  Bayley,  on  underground  waters  of  Maine;  G.  N.  Knapp,  in 
New  Jersey;  L.  W.  Stephenson,  in  North  Carolina;  S.  W.  McCallie,  in  Georgia;  E.  A. 
Smith,  in  Alabama;  L.  C.  Glenn,  in  Tennessee  and  Kentucky;  A.  C.  Watch,  A.  F.  Crider, 
and  L.  W.  Stephenson,  in  Arkans&s;  E.  M.  Shepard,  in  Missouri;  W.  H.  Norton  and  How- 
ard E.  Simpson,  in  Iowa;  C.  W.  Hall,  in  Minnesota,  and  Frank  Leverett,  in  Michigan. 
E.  F.  Lines  and  D.  F.  MacDonald  have  assisted  in  office  work. 

Office  vx>rk, — The  office  work  for  the  year  has  consisted,  in  addition  to  executive  duties, 
of  the  preparation  of  a  bibliography  of  the  underground  waters  of  the  Daited  States,  and 
of  tables  relating  to  the  discharge  and  other  features  connected  with  artesian  wells,  and  of 
the  systematic  collection  of  well  records  and  samples.  Both  the  executive  work  and  the 
collection  of  samples  involve  a  very  extended  correspondence  and  the  furnishing  of  informa- 
tion in  regard  to  w^ells  and  underground-water  conditions  to  a  large  number  of  applicants. 
Separate  reports  on  the  bibliography  of  underground  waters,  artesian  tables,  and  collection 
of  well  samples  are  in  preparation. 

Theoretical  investigations. — The  principal  theoretical  and  technical  investigations  under- 
taken in  1905  related  to  the  fluctuations  of  the  water  level  in  wells,  by  A.  C.  Veatch,  and 
the  methods  of  well  drilling  by  Isaiah  Bowman.  The  report  on  the  fluctuation  of  wells  is 
in  press,  and  that  on  well  drilling  is  nearly  completed. 

Surveys. — Detailed  surveys  of  underground-water  problems  have  been  conducted  in  Con- 
necticut by  H.  E.  Gregory  and  E.  E.  Ellis;  in  Iowa,  by  W.  H.  Norton  and  Howard  E. 
Simpson;  in  Arkansas,  by  M.  L.  Fuller,  A.  F.  Crider,  and  L.  W.  Stephenson;  and  in  North 
Carolina  by  L.  W.  Stephenson  and  B.  L.  Johnson.  In  Connecticut  and  Arkansas  the  work 
is  completed  and  reports  are  in  preparation.  In  Iowa  and  North  Carolina  the  surveys  are 
incomplete  and  will  require  further  ^ork  the  coming  season. 

Reports. — ^The  following  reports  have  been  published  since  January  1, 1905: 

Bibliographic  review  and  index  of  papers  relating  to  underground  waters  published  by  the  United 
States  Geological  Survey,  1879-1904,  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  120,  128  pp. 

Contributions  to  the  hydrology  of  eastern  United  States,  1904,  M.  L.  Fuller,  geologist  in  charge:  Water- 
Sup,  and  Irr.  Paper  No.  110,  211  pp. 

Underground  waters  of  eastern  United  States,  M.  L.  Fuller,  geologist  in  charge:  Water-Sup.  and  Irr. 
Paper  No.  114,  285  pp. 

Relation  of  the  law  to  underground  waters,  by  D.  W.  Johnson:  Water-Sup.  and  Irr.  Paper  No.  122, 
55  pp. 

Field  measurements  of  the  rate  of  movement  of  underground  waters,  by  C.  S.  Slichter:  Water-Sup. 
and  Irr.  Paper  No.  140,  122  pp. 

Contributions  to  ttie  hydrology  of  eastern  United  States,  1905,  M.  L.  Fuller,  geologist  in  charge:  Water- 
Sup,  and  Irr.  Paper  No.  145,  220  pp. 

Record  of  deep-well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch:  Bull.  No,  264, 
106  pp. 

Underground  water  resources  of  Ix)ng  Island,  New  York,  by  A.  C.  Vejitch:  Prof.  Paper  No.  44,  3M  pp. 

In  addition  the  following  papcra  have  been  received  from  the  authors  and  transmittiHl 
for  publication: 

Fluctuations  of  the  water  level  in  wells,  with   special   reference^   to  Long  Island,  New   York,  by 

A.  C.  Veatch:  Water-Sup.  and  Irr.  Paper  No.  155. 
Geology  and  underground  waters  of  Mississippi,  by  A.  F.  Crider  and  L.  C.  Johnson:  Water-Sup.  and 

Irr.  Paper  No.  159. 
Geology  and  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by  A.  C.  Veatch:  Prof. 

Paper  No.  46. 

The  following  papers  are  nearly  completed  : 

Flowing  wells  of  the  southern  portion  of  the  lower  Peninsula  of  Michigan,  by  Frank  Leverett. 
Flowing  wells  of  the  northern  and  central  portions  of  the  lower  Peninsula  of  Michigan,  by  Frank 

Leverott. 
Artesian  waters  of  Missouri,  by  £.  M.  Shepard. 
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Undeiground  water  resources  of  Tennessee  and  Kentucky  west  of  Tennessee  River,  and  of  an  adjacent 

area  in  Illinois,  by  L.  C.  Qlenn. 
Undeiground  water  resources  of  Minnesota,  by  C.  W.  Hall. 

Preliminary  reports  on  the  wells  and  springs  of  Virginia  and  South  Carolina  were  pre- 
pared by  M.  L.  Fuller  for  the  State  surveys  in  accordance  with  plans  of  cooperation 
approved  by  the  Director. 

PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL  SURVEY. 

The  results  of  the  work  of  the  Survey  on  underground  waters  and  springs  are  published 
as  reports  of  various  kinds.  All  but  the  folios  and  monographs,  which  are  sold  at  cost, 
are  for  free  distribution  and  can  be  obtained  on  application  to  the  Director  until  the  editions 
are  exhausted.    A  number  have  been  delivered  to  members  of  Congress  for  distribution. 

A  full  subject  index  of  the  Survey  puolications  on  underground  waters  is  contained  in 
Water-Supply  and  Irrigation  Paper  No.  120,  entitled  "Bibliographic  review  and  index  of 
papers  relating  to  underground  waters  published  by  the  United  States  Geological  Survey." 

A  list  of  papers  published  by  the  Survey  since  Water-Supply  Paper  No.  120  was  pre.pared, 
and  brief  references  to  the  most  important  publications  of  the  Survey,  are  given  below: 

GENERAL  DESCRIPTIVE  REPORTS. 
ALABAMA. 

Alabama  (water  resources),  by  E.  A.  Smith:  Water-Sop.  and  Irr.  Paper  No.  114,  1905,  pp.  164-170. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

ARKANSAS. 

Summary  of  the  water  supply  of  the  Ozark  region  in  northern  Arkansas,  by  George  I.  Adams:  Water- 
Sup,  and  Irr.  Paper  No.  110, 1905,  pp.  179-182. 

Northern  Arkansas  (water  resources),  by  A.  H.  Purdue:  Water-Sup.  and  Irr.  Paper  No.  114,  1905, 
pp.  188-197. 

Water  resources  of  the  Wlnslow  quadrangle,  Arkansas,  by  A.  II.  Purdue:  Water-Sup.  and  Irr.  Paper 
No.  145,  1905,  pp.  84-87. 

Water  resources  of  the  contact  region  between  the  Paleozoic  and  Mississippi  embay ment  deposits 
in  northern  .\rkansas,  by  A.  II.  Purdue:  Water-Sup.  and  Irr.  Paper  No.  145,  1905,  pp.  88-119. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

CALIFOBNIA. 

Water  problems  of  Santa  Barbara,  Cal.,  by  J.  B.  Lippincott:  Water-Sup.  and  Irr.  Paper  No.  116, 1905. 
For  other  reports  see  Water-Supply  Papen  Nos.  50  and  6(i. 

COLORADO. 

Geology  and  underground-water  resources  of  the  central  Great  Plains,  by  N.  II.  Darton:  Prof.  Paper 
No.  32, 1904.     . 
For  other  reports  see  Sixteenth,  Seventeenth,  and  Twenty-first  Annual  Reports,  Bulletin  No.  131, 
and  Folios  36,  68,  and  71. 

CONNECTICUT. 

Drilled  wells  of  the  Triassic  area  of  the  Connecticut  Valley,  by  W.  H.  C.  Pynchon:  Water-Sup.  and 

Irr.  Paper  No.  110,  1905,  pp.  65-94. 
Triassic  rocks  of  the  Connecticut  Valley  as  a  source  of  water  supply,  by  M.  L.  Fuller:  Water-Sup.  and 

Irr.  Paper  No.  110, 1905,  pp.  «5-112. 
Connecticut  (water  resources),  by  H.  E.  Gregory:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  76-81. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

CUBA. 

Notes  on  the  hydrology  of  Cuba,  by  M.  L.  Fuller:  Watei^Sup.  and  Irr.  Paper  No.  110, 1905,  pp.  183-200. 

DELAWARE. 

Delaware  (water  resources),  by  N.  H.  Darton:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  111-113. 
For  other  reports  see  Bulletin  No.  138. 

DISTRICT  OF  COLUMBIA. 

District  of  Columbia  (water  resources),  by  N.  TI.  Darton  and  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper 
No.  114,  1905,  pp.  124-126. 
For  other  reports  see  Bulletin  No.  138  and  Folio  70. 
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Florida  (water  resources),  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  159-163. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

QEOROIA. 

Georgia  (water  resources),  by  S.  W.  McCallie:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  15^158. 
For  other  reports  see  Watei^Supply  Paper  No.  102  and  Bulletin  No.  138. 

IDAHO. 

See  Water-supply  Papers  Nos.  54,  55,  78,  Bulletin  No.  199,  and  Folio  104. 

HAWAII. 

See  Water-Supply  Paper  No.  77. 

ILLINOIS. 

Illinois  (water  resources),  by  Frank  Leverett:  Water-^up.  and  Irr.  Paper  No.  114,  1905,  pp.  24»-257. 
For  other  reports  see  Seventeenth  Annual  Report  and  Folios  67,  81,  and  105. 

INDIANA. 

Indiana  (water  resources),  by  Frank  Leverett:  Water-Sup.  and  Irr.  Paper  No.  114, 1906,  pp.  258-2G4. 

For  other  reports  see  Water-Supply  Papers  Nos.  21  and  26,  Eighteenth  Annual  Report,  and  Foiio« 
67,  81,  and  105. 

IOWA. 

Iowa  (water  lesources),  by  W.  II.  Norton:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  220-225. 
Water  supplies  at  Waterloo,  Iowa,  by  W.  H.  Norton:  Watei^Sup.  and  Irr.  Paper  No.  145,  1905,  pp. 
148-156. 
For  other  reports  see  Sixteenth  Annual  Report. 

KANSAS. 

Geology  and  undeiground-water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton:  Prof.  Paper 

No.  32.  1904,  pp.  433. 
Water  resources  of  the  Joplin  district,  Missouri-Kansas,  by  W.  S.  Tangier  Smith:  Water-Sup.  and 

Irr.  Paper  No.  145,  f905,  pp.  74-83. 
For  other  reports  see  Water-Supply  Paper  No.  6,  Twenty-second  Annual  Report,  and  Bulletin  No.  131. 

KENTUCKY. 

Water  resources  of  the  Middlesboro-Harlan  region  of  southeastern  Kentucky,  by  Gcoige  II.  Ashley: 

Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  177-178. 
Kentucky  (water  resources),  by  L.  C.  Glenn:  Watei^Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  205-ao& 
For  other  reports  see  Water-Supply  Paper  No.  102. 

LOUISIANA. 

Louisiana  (water  resources),  by  A.  C.  Veatch:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  179-187. 
For  other  reports  see  Water-Supply  Paper  No.  101. 

MAINE. 

Maine  (water  resources),  by  W.  S.  Bayley:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  41-56. 
Water  resources  of  the  Portsmouth-York  region,  New  Hampshire  and  Maine,  by  George  Otis  Smith: 

Water-Sup.  and  Irr.  Paper  No.  145, 1905,  pp.  120-128. 
Water  supply  from  glacial  gravels  near  Augusta,  Me.,  by  George  Otis  Smith:  Water-Sup.  and  Irr. 

Paper  No.  145, 1905,  pp.  156-160. 
For  other  reports  see  Water-Supply  Paper  No.  101. 

MARYLAND. 

Water  resources  of  the  Accident  and  Grantsville  quadrangles,  Maryland,  by  G.  C.  Martin:  Watci^ 
Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  168-170. 

Water  rcsourcx^s  of  the  Frostburg  and  Flintstone  quadrangles,  Maryland  and  West  Virginia,  by  G.  C. 
Martin:  Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  171-173. 

Maryland  (water  resources),  by  N.  H.  Darton  and  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 
1905,  pp.  114-123. 

Water  resources  of  the  Pawpaw  and  Hancock  quadrangles.  West  Virginia,  Maryland,  and  Penn- 
sylvania, by  George  W.  Stose  and  George  C.  Martin:  Water-Sup.  and  Irr.  Paper  No.  145, 1905,  pp. 
58-63. 
For  other  reports  see  Bulletin  No.  138  and  Folios  13,  23,  and  70. 

MASSACHUSETTS. 

Drilled  wells  of  the  Triasslc  area  of  the  Connecticut  Valley,  by  W.  II.  C.  Pynchon:  Water-Sop.  and 
Irr.  Paper  No.  110,  1905,  pp.  65-94. 


HYDBOLOGIO    PUBLICATIONS    OP   THE    8UBVEY.  5 

Triassic  rocka  of  the  Connecticut  Valley  as  a  souroe  of  water  supply,  by  M.  L.  Fuller:  Water-Sup.  and 

Irr.  Paper  No.  110, 1905,  pp.  95-112. 
Water  resources  of  the  Taconic  quadrangle,  New  York,  Massachusetts,  and  Vermont,  by  F.  B.  Taylor: 

Water^up.  and  Irr.  Paper  No.  110,  1905,  pp.  LX-ISS. 
Massachusetts  and  Rhode  Island  (water  resources^  by  W.  O.  Crosby:  Water-Sup.  and  Irr.  Paper 

No.  114,  1905,  pp.  C»-75. 
Water  supply  from  the  delta  type  of  sand  plain,  by  W.  O.  Crosby:  Water-Sup.  and  Irr.  Paper  No.  146, 

1905.  pp.  161-178. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

UICHIGAN. 

A  ground-water  problem  in  southeastern  Michigan,  by  Myron  L.  Fuller:  Water-Sup.  and  Irr.  Paper 
No.  145,  1905,  pp.  12&-147. 
For  other  reports  see  Water-Supply  Papers  Nos.  30,  31,  and  102. 

MINNESOTA. 

Minnesota  (water  resources),  by  C.  W.  Hall:  Water-Sup.  and  Irr.  Paper  No.  114, 1906,  pp.  226-232. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

MISSISSIPPI. 

Mississippi  (water  re8ouPces^,  by  L.  C.  Johnson:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  171-178. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

MISSOURI. 

Spring  system  of  the  Decaturvtlle  dome,  Camden  County,  Missouri,  by  E.  M.  Shepard:  Watcr^Sup. 

and  Irr.  Paper  No.  110, 1905.  pp.  113-125. 
Missouri  (water  resources),  by  E.  M.  Shepard:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  209-219. 
Water  resources  of  the  Joplin  district.  Missouri-Kansas,  by  W.  S.  Tangier  Smith:  Water-Sup.  and 

Irr.  Paper  No.  145, 1905,  pp.  74-83. 
For  other -reports  see  Water-Supply  Paper  No.  102. 

NEBRASKA. 

Geology  and  underground- water  resources  of  the  central  Great  Plains,  by  N.  IT.  Darton:  Prof.  Paper 
No.  32, 1904. 
For  other  reports  see  Water-Supply  Paper  No.  12,  Sixteenth.  Nineteenth,  and  Twenty-second  Annual 
ReportB.  Bulletin  131,  Professional  Paper  No.  17,  and  Folios  85  and  108. 

NEW  HAMPSHIRE. 

N#w  Hampshire  (water  resources),  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 1906,  pp.  57-50. 
Water  resources  of  the  Portsmouth- York  region.  New  Hampshire  and  Maine,  by  George  Otis  Smith: 
Water-Sup.  and  Irr.  Paper  No.  145,  1905.  pp.  120-128. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

NEW  JERSEY. 

Water  resources  of  the  central  and  southwestern  highlands  of  New  Jersey,  by  Laurence  La  Foige: 

Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  141-155. 
N««w  Jersey  (water  resources),  by  G.  N.  Knapp:  Water-Sup.  and  Irr.  Paper  No.  114,  1905,  pp.  9^-103. 
For  other  reports  see  Water-Supply  Paper  No.  106  and  Bulletin  138. 

NEW  MEXICO. 

Geology  and  undeiKround-water  conditions  of  the  Jornada  Del  Muerto,  New  Mexico,  by  C.  R.  Keyes: 
Water-Sup.  and  Irr.  Paper  No.  123,  1905. 
For  other  reports  see  Twenty-second  Annual  Report.  » 

NEW  YORK. 

The  new  artesian  water  supply  at  Ithaca,  N.  Y.,  by  Francis  L.  Whitney:  Water-Sup.  and  Irr.  Paper 

No.  110, 1905.  pp.  55-6^. 
Water  resources  of  the  Fort  Ticonderoga  quadrangle,  Vermont  and  New  York,  by  T.  Nelson  Dale: 

Water-Sup.  and  Irr.  Paper  No.  110, 1905.  pp.  126-129. 
Water  resources  of  the  Taconic  quadrangle,  New  York,  Massachusetts,  and  Vermont,  by  F.  B.  Taylor: 

Water-Sup.  and  Irr.  Paper  No.  110.  1905,  pp.  130-133. 
Water  resources  of  the  Watkins  Glen  quadrangle.  New  York,  by  Ralph  S.  Tarr:  Water-Sup.  and  Irr. 

Paper  No.  110,  1905,  pp.  134-140. 
New  York  (water  resources) ,  by  F.  B.  Weeks:  Water-Sup.  and  Irr.  Paper  No.  114,  1905.  pp.  82-92. 
Water  resources  of  the  Catatonk  area.  New  York,  by  E.  M.  Kindle:  VVater-Sup.  and  I  rr.  Paper  No.  145, 

1905,  pp.  53-57. 
Waters  of  a  gravel-filled  valley  near  TuUy,  N.  Y.,  by  George  B.  Holliater:  Water-Sup.  and  Irr.  Paper 

No.  145.  1905,  pp.  179-184. 
For  other  reports  see  Water-Supply  Paper  No.  102  and  Bulletin  No.  138. 
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MOBTH  CAROLINA. 

Water  reaoureea  of  tne  Cowee  and  Piagab  quadrangles,  North  Carolina,  by  Hoyt  S.  Oale:  Water-Sup. 

and  Irr.  Paper  No.  110, 1905,  pp.  174-176. 
North  Carolina  (water  resouroes) ,  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 1005,  pp.  136-13^ 
For  other  reports  see  Bulletin  No.  138  and  Folio  80. 

NORTH  DAKOTA. 

See  Seventeenth  Annual  Report. 

OHIO. 

Ohio  (water  resources),  by  Frank  Leverett:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  265-270. 
For  other  reports  see  Eighteenth  and  Nineteenth  Annual  Reports. 

OKLAHOMA. 

See  Twenty-second  Annual  Report. 

OREOON. 

See  Water-Supply  Papers  Nos.  7,  8,  and  252. 

PENNSYLVANIA. 

Water  resources  of  the  Chambersburg  and  Meroersburg  quadrangles,  Pennsylvania,  by  George  W. 
Stose:  Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  156-158. 

Water  resources  of  the  Curwensville,  Patton,  Ebensburg,  and  Barnesboro  quadrangles,  Pennsylvania, 
by  F.  G.  Clapp:  Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  159-163. 

Water  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  Ralph  W.  Stone:  Water-Sup.  and 
Irr.  Paper  No.  110,  1905,  pp.  164-165. 

Water  resources  of  the  Waynesburg  quadrangle,  Pennsylvania,  by  Ralph  W.  Stone:  Water-Sup.  ami 
Irr.  Paper  No.  110,  igOi,  pp.  166-167. 

Pennsylvania  (water  lesouKcs),  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  104-110. 

Water  resources  of  the  Pawpaw  and  Hancock  quadrangles,  West  Virginia,  Maryland,  and  Pennsyl- 
vania, by  George  W.  Stose  and  George  C.  Martin:  Water-Sup.  and  1  rr.  Paper  No,  145, 1905,  pp.  58-63. 

Waynesbuig  folio,  Pennsylvania,  by  Ralph  W.  Stone:  Geologic  Atlas  U.  8.,  folio  121,  1905. 
For  other  reports  see  Water-Supply  Paper  No.  106. 

RHODE  ISLAND. 

Massachusetts  and  Rhode  Island  (water  resouroes),  by  W.  O.  Crosby:  Water-Sup.  and  Irr.  Paper  No. 
114.  1905,  pp.  68-75. 
For  other  reports  see  Wator-Sui^ply  Paper  No.  102. 

SOUTH  CAROLINA. 

South  Carolina  (water  resources),  by  L.  C.  Glenn:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  140-152. 
For  other  reports  see  Bulletin  No.  138. 

SOUTH  DAKOTA. 

Geology  and  underground-water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton:  Prof.  Paper 

No.  32,  1904. 
Huron  fojio,  South  Dakota,  by  J.  E.  Todd:  Geologic  Atlas  U.S.,  folio  113, 1904. 
De  Smet  folio,  South  Dakota,  by  J.  E.  Todd  and  C.  M.  Hall:  Geologic  Atlas  U.  S..  folio  114. 1904. 

For  other  reports  see  Water-Supply  Papers  Nos.  34  and  90,  Seventeenth,  Eighteenth,  and  Twenty- 
first  Annual  Reports,  and  Folios  85,  96,  97,  99,  100,  107,  and  106. 

TENNESSEE. 

Tennessee  and  Kentucky  (water  resources),  by  L.  C.  GJenn:  Water-Sup.  and  Irr.  Paper  No.  114,  1905. 
pp.  198-208. 
For  other  reports  fps  Water-Supply  Paper  No.  102. 

TEXAS. 

See  Eighteenth,  Twenty-first,  and  Twenty-second  Annual  Reports  and  Folio  42. 

VERMONT. 

Water  resources  of  the  Fort  TIcondcroga  quadrangle.  Vermont  and  New  York,  by  T.  Nelson  Dale: 

Water-Sup.  and  Irr.  Paper  No  110, 1905,  pp.  126-129. 
Water  resources  of  the  Taconlc  quadrangle,  New  York,  Massachusetts,  and  Vermont,  by  F.  B.  Taylor. 

Water-Sup.  and  Irr.  Paper  No.  110,  1905,  pp.  130-133. 
Vermont  (water  resources),  by  G.  H.  Perkins.  Water-Sup.  and  Irr.  Paper  No.  114,  1905.  pp.  60-67. 
For  other  reports  see  Water-Supply  Paper  No.  102. 

VIRGINIA. 

Virginia  (water  resources),  by  N.  H.  Darton  and  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114. 
1905,  pp.  127-135. 
For  other  reports  see  Bulletin  No.  138  and  Folios  13,  23,  70,  and  80. 
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WAAHINGTON. 

See  Water-Supply  Papers  Nos.  4  and  55,  and  Folio  86. 

WEST  VIBQINIA. 

Water  resources  of  the  Frostburg  and  Flintstone  quadrangles,  Maryland  and  West  Vli^nla.  by  O.  C. 
Martin:  Water-Sup.  and  Irr.  Paper  No.  110. 1905,  pp.  171-173. 

West  Virginia  (water  resources),  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper  No.  114, 1905,  pp.  271-272. 

Water  resources  of  the  Pawpaw  and  Hancock  quadrangles,  West  Virginia,  Maryland,  and  Pennsyl- 
vania, by  George  W.  Stoseand  George C.  Martin:  Water-Sup.  and  Irr.  Paper  No.  145, 1905,  pp.  58-63. 

Water  resources  of  the  Nicholas  quadrangle,  West  Virginia,  by  George  U.  Ashley:  Water-Sup.  and 
Irr.  Paper  No.  145, 1905.  pp.  64-66. 

WISCONSIN. 

Wisconsin  district  (water  resources),  by  A.  R.  Sfaults:  Water-Sup.  and  Irr.  Paper  No.  114,  19a5,  pp. 

233-241. 
Water  resources  of  the  Mineral  Point  quadrangle,  Wisconsin,  by  U.  S.  Grant:  Water-Sup.  and  Irr. 

Paper  No.  145.  1905,  pp.  67-73. 

WYOMING. 

Geology  and  underground-water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton:  Prof.  Paper 
No.  32,  1904. 
For  other  reports  sec  Twenty-first  Annual  Report  and  Folio  107. 

SPRINQS  AND  SPRING   DEPOSITS. 

Contributions  to  hydrology  of  eastern  United  States,  1904,  M.  L.  Fuller,  geologist  in  charge:  Water- 
Sup,  and  Irr.  Paper  No.  110, 1905. 

Spring  system  of  the  Decaturville  dome.  Camden  County,  Missouri,  by  E.  M.  Shepard:  Water-Sup. 
and  Irr.  Paper  No.  110. 1905.  pp.  113-125. 

Notes  on  the  hydrology  of  Cuba,  by  M.  L.  Fuller:  Water-Sup.  and  Irr.  Paper,  No.  110, 1905,  pp.  183-200. 

W^aters  of  a  gravel-filled  valley  near  Tully,  New  York,  by  George  B.  Hoiiister:  Water-Sup.  and  Irr. 
Paper  No.  145, 1905,  pp.  179-184. 

Notes  on  certain  hot  springs  of  the  southern  United  States,  by  Walter  Harvey  Weed:  Water-Sup. 
and  Irr.  Paper  No.  145,  1905,  pp.  185-206. 

Notes  on  certain  large  springs  oi  the  Ozark  regioli,  Missouri  and  Arkansas,  compiled  by  Myron  L. 
Fuller:  Water-Sup.  and  Irr.  Paper  No.  145,  1905,  pp.  207-210. 
For  other  reports  see  Ninth  Annual  Report,  Bulletins  Nos.  32  and  47,  and  Folio  30. 

MINERAL   AND  POTABLE   WATERS. 

fiee  Fourteenth  Annual  Report,  Bulletins  Nos.  32  and  47,and  the  various  reports  on  Mineral  Resources 
from  1883  to  1904. 

ARTESIAN   REQUISITES,  MOVEMENTS  OF  GROUND   WATERS,  ETC. 

Description  of  underflow  meter  used  in  measurmg  the  velocity  and  direction  of  underground  water 
by  Charles  S.  Slichter:  Water-Sup.  and  Irr.  Paper  No.  110, 1905,  pp.  17-31. 

Underflow  tests  in  thedramage  basm  of  Los  Angeles  River,  by  Homer  Hamlin:  Water-Sup.  and  Irr. 
Paper  No.  112.  1905. 

Underground  waters  of  eastern  United  States,  M.  L.  Fuller,  geologist  in  charge.  Water-Sup.  and  Irr. 
Paper  No.  114, 1905. 

Two  unusual  types  of  artesian  flow,  by  Myron  L.  Fuller.  Water-Sup.  and  Irr.  Paper  No.  145,  1905, 
pp.  40-45. 

Water  resources  of  the  Portsmouth-York  region..  New  Hampshire  and  Maine,  by  George  Otis  Smith: 
Water-Sup.  and  Irr.  Paper  No.  145,  1905,  pp.  120-128. 

Field  measurements  of  the  rate  of  movement  o!  underground  walrrs,  by  Charles  8.  Slichter:  Water- 
Sup,  and  Irr.  Paper  No.  140, 1905. 

Observations  of  the  ground  waters  ol  the  Rio  Grande  Valley,  by  Charles  S.  Slichter:  Water-Sup.  and 
Irr.  Paper  No.  141.  1905. 
For  other  reports  see  Water-Supply  Paper  No.  67  and  Fifth  and  NmeteiMith  Annual  Reports. 

LAWS   RBLATINQ  TO   UNDERGROUND   WATERS. 

Relation  of  the  law  to  underground  waters,  by  D.  W.  Johnson.  Water-Sup.  and  Irr.  Paper  No.  122, 
1905. 

WELL-DRILLINO   METHODS. 

The  California  or  "stovepipe"  method  of  well  construction,  by  Charles  S.  Slichter:  Water-Sup.  and 
Irr.  Paper  No.  110,  1905,  pp.  32-36. 
For  other  reports  see  Water-Supply  Paper  No.  101  and  Bulletin  No.  212. 
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MEASUREMENTS  OF  FLOW  AND  HEAD. 

Approximate  methods  of  measuring  the  yield  of  flowing  wells,  by  Charles  S.  Slichter:  Water-Sup.  and 
Irr.  Paper  No.  110,  1905,  pp.  37-42. 

Field  measurements  of  the  rate  of  movement  of  underground  waters,  by  Charles  S.  Sltcbtcr:  Water- 
Sup,  and  Irr.  Paper  No.  140,  1905. 

A  convenient  gage  for  determining  low  artesian  heads,  by  Myron  L.  Fuller:  Water-Sup.  and  Irr.  Paper 
No.  145,  1905,  pp.  51-52. 

LISTS  OF  WELLS   AND  BORINGS. 

Record  of  deep-well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch:  Bull.  No.  264, 1905. 
Contributions  to  the  hydrology  of  eastern  United  States,  1903,  by  M.  L.  Fuller:  Water-Sup.  and  Irr. 

Paper  No.  102,  1905. 
Preliminary  list  of  deep  borings  in  the  United  States,  second  edition,  with  additions,  by  N.  H.  Darton: 

Water-Sup.  and  Irr.  Paper  No.  149,  1905. 

DRAINAGE   OF   WET   LANDS  BY    WELLS. 

Drainage  of  ponds  into  drilled  wells,  by  Robert  £.  Horton:  Water-Sup.  and  Irr.  Paper  No.  145^  1905^ 
pp.  30-39. 


SIGNIFICANCE  OF  THE  TERM  "ARTESIAN." 


By  Myron  L.  Fuller. 


INTRODUCTION. 

The  term  ftrtestan,  derived  from  the  town  of  Artois  in  France,  where  the  first  flowing 
wells  of  importance  were  secured,  was  originally  applied  only  to  those  wells  in  which  the 
water  rose  above  the  surface,  but  in  late  years  has  been  used  in  a  number  of  other  senses. 
At  the  present  time,  in  fact,  one  can  not  be  assured  of  its  meaning  in  a  particular  paper 
unless  its  use  is  specifically  stated.  In  many  cases,  fortunately,  it  is  so  defined,  but  the 
variability  of  the  usage  in  different  cases  is  sufficient  to  emphasize  the  need  of  a  standard 
definition  which  shall  be  adhered  to  in  public  discussions. 

It  is  doubtful  if  any  definition  can  be  devised  which  will  meet  the  approval  of  or  be 
accepted  by  all  geolc^ists,  as  opinions  will  naturally  vary  greatly  according  to  the  locality 
and  nature  of  the  work  on  which  the  geologists  are  engaged.  But  while  there  is  consider- 
able diversity  of  practice  there  is  nevertheless  a  general  tendency  to  give  the  term  one  or 
the  other  of  two  meanings,  and  a  considerable  number  of  geologists  have  expressed  their 
winingness  to  accept  any  definition  agreed  on  by  the  majority  of  active  workers  on  under- 
ground-water problems. 

The  need  of  uniform  practice  has  probably  been  felt  most  severely  in  the  United  States 
Geological  Survey,  where  a  considerable  number  of  men  devote  their  entire  time  to  under- 
ground-water investigations  and  to  related  geologic  problems,  and  it  has  become  desirable 
eitlier  to  drop  the  use  of  the  term  entirely  or  to  adopt  some  definition  which  will  meet  the 
needs  of  geologists  and  be  in  harmony  with  the  best  usage  in  this  country.  For  the  pur- 
pose of  obtaining  the  views.of  the  different  authorities,  circular  letters  were  mailed  to  those 
who  have  at  one  time  or  another  been  engaged  in  underground-water  investigations  or  who 
are  at  the  head  of  oiganizations  such  as  State  surveys,  etc.  Replies  were  received  from 
about  fifty  geologists,  and  although  they  showed  a  considerable  range  of  opinion,  they  were 
of  much  assistance  in  the  consideration  of  a  definition  of  the  term. 

USB  OP  TERM  "ARTESIAN." 

ORIGINAL  USB. 

The  question  of  the  early  use  of  the  term  has  been  admirably  summarized  by  W.  H. 
Norton,  a  The  word  is  derived  from  Artesium,  the  Latin  equivalent  of  Artois,  the  name  of 
an  ancient  province  of  France  now  included  in  the  department  of  Pas  de  Calais,  where  the 
first  flowing  wells  to  be  extensively  known  were  obtained.  The  term  in  its  etymology  car- 
ries no  definition,  but  it  is  unquestionable  that  it  was  the  overflow  of  the  Artois  wells  which 
attnicted  attention  to  them.  The  water  in  all  wells,  except  those  sunk  to  the  shallow  uncon- 
fined  ground  waters,  rises  when  encountered  and  m  many  instances  stands  within  a  few 
feet  or  even  a  few  inches  of  the  lop.  Such  wells,  however,  never,  even  in  the  earliest  times, 
excited  any  comments,  while  flowing  waters  have  almost  invariably  been  regarded  by  the 
people  at  laige  as  of  some  mysterious  and  unknown  but  none  the  le-ss  wonderful  origin. 


a  Artesian  wells  of  Iowa:  Iowa  Geol.  Survey,  vo'i.  6, 18P7,  pp.  122-128. 
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In  the  early  days  the  term  bored  wells  (puits  forte)  was  practically  equivalent  to  flowing 
wells,  since  these  alone  at  that  time  were  bored  or  drilled.  lAter  the  terms  bored  wells, 
deep  wells,  artesian  wells,  artesian  fountains,  and  even  bubbling  wells  have  all  been 
applied  to  the  same  type.  As  wide  a  range  of  terms  is  found  in  French  scientific  literature, 
viz,  puits  forte,  puits  artteiens,  fontaines  artteiennes,  fontaines  artificielles,  fontaines  jailli^ 
santes  des  puits  forte,  etc.  The  term  artesian  obtained  a  definite  place  in  literature  as  early 
as  1805,  and  was  applied  to  those  wells  which  flowed. 

USE  IN   BBCENT  SCIENTIFIC   LITERATURE. 

As  the  geologic  conditions  governing  artesian  waters  became  known  the  term  artesian 
was  gradually  extended  by  some  writers  to  include  any  well  in  which  the  water  rose  under 
hydrostatic  pressure  when  encountered,  but  others,  especially  teachers  and  authors  of  text- 
books, have  continued  to  use  the  term  in  its  original  sense,  while  a  few  have  used  it  to  apply 
to  deep  wells  in  general.  In  addition  there  is  a  fourth  popular  use  of  the  word  for  any 
tubular  well  regardless  of  depth  or  other  factors. 

The  varying  meanings  given  to  the  term  in  this  country  are  shown  by  the  results  of  an 
examination  of  underground-water  papers  by  25  American  authors.  By  "artesian"  6.  or 
24  per  cent,  of  these  authors  mean  flowing  wells;  15,  or  60  per  cent,  wells  in  which  water  is 
under  pressure  but  does  not  necessarily  flow;  and  4,  or  16  per  cent,  deep  wells  in  general . 
It  should  be  borne  in  mind,  however,  that  this  is  not  altogether  an  expression  of  present 
practice.  The  use  of  the  tenn  artesian  has,  in  fact,  undergone  a  considerable  change  in  the 
last  few  years,  and  a  number  of  writers  use  it  in  a  difl'erent  sense  at  the  present  time  from 
that  adopted  by  them  in  their  earlier  writings.  T.  C.  Chamberlin,  for  instance,  at  the  time 
of  the  publication  of  his  report  on  the  requisite  and  qualifying  conditions  of  artesian  wells.a 
in  1885,  defines  an  artesian  well  as  a  flowing  well,  but  in  the  recent  text-book  of  Chamberiin 
and  Salisbury  the  statement  is  made  that  the  term  is  now  applied  to  any  deep  bored  or 
drilled  well. 

EUROPEAN   USE. 

As  to  the  European  use  of  the  term  artesian  the  following  quotation  may  be  given  from 
the  letter  from  C.  S.  Slichter,  who  is  probably  more  familiar  with  foreign  literature  on  arte- 
sian waters  than  any  other  from  whom  replies  to  the  circular  have  been  received.  "  I  have 
found  very  little  difl'erence  of  opinion  among  European  writers  in  the  use  of  the  term.  Any 
area  in  which  the  ground  water  exists  under  an  appreciable  pressure  is  called  an  'artesian' 
area,  and  wells  drilled  in  such  a  water-bearing  medium  are  called  'artesian'  wells.  If  they 
flow,  they  are  called  'flowing'  wells;  if  not,  they  are  called  'nonflowing'  wells.'' 

PRESENT  USE. 

Preferences  of  scientists. — The  preferences  as  to  the  use  of  the  term  artesian  by  the  geol- 
ogists from  whom  returns  were  received  are  summarized  in  the  accompanying  table  (p.  11  j. 
The  figures  do  not  in  all  cases  express  the  original  preferences  of  the  geologists,  several  having 
modified  their  opinions  since  the  question  has  been  under  discussion.  This  is  especially 
true  in  regard  to  the  administrative  heads  and  geohydrologists  who,  after  a  full  discussion 
of  the  question,  were  nearly  unanimous  in  favoring  the  use  of  the  term  for  all  waters  under 
hydrostatic  pressure  and  for  all  wells  in  which  the  water  rises.  The  table  therefore  repre- 
sents the  present  views  of  the  geohydrologists  of  the  Geological  Survey  and  the  Survey  ffeol- 
ogists  interested  in  underground- water  investigations,  and  the  views  as  expressed  in  replies 
to  the  circular  letter  of  inquiry  sent  to  geologists  outside  of  Washington.  From  expreasioiis 
in  these  replies  it  is  believed  that  a  considerable  number  of  others  would  now  accept  the  use 
of  the  term  for  all  hydrostatic  wells.  This  is  especially  true  of  those  who  were  iDclined  to 
drop  the  term,  there  being  relatively  little  difference  in  the  opinions  of  the  two  classes. 


a  Fifth  Ann.  Kept.  U.  S.  Qeol.  Survey,  1885,  pp.  125-173. 
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From- 


Drop 

term 

artesian. 


Administrative  heads  who  are  also  engaged  In  field  work  on  ' 
underground  waters ' 

G«?obydrologi«ts  devoting  entire  time  to  undeiground-water  I 
■oblems 


prob 


Geologists,  other  than  teachers,  who  hare  had  experience  in  I 
underground-water  investigations 

Teachers  with  extensive  field  experience  in  underground- 
water  investigations 

Tt^aehera  with  limited  field  experience  in  underground-water 
invTstigalions 


Flowing 
wells. 

All  wells 

in  which 

water 

rises. 

1 

4 

1 

6 

3 

9 

5 

4 

2 

2 

PER  CENT  F.WORING  THE  VARIOUS  PROPOSED  USAGES. 


Mainly  field  experience. 


Administrative  heads. 
Geohydroiogists 


Geologists  with  extended  field  expe- 
rience  

Field  and  teaching  expe-  f  Teachers  with  extensive  field  expe- 
rience   \    rience 


Mainly  teachii^  or  theo-( Teachers  with  limited  field  experi- 
retical  experience \    ence 


0 

20 

80 

0 

14 

86 

28 

17 

49 

9 

46 

36 

33 

33 

33 

Any  deep 
wells. 


In  the  above  classificatioD  the  figures  do  not  possess  the  full  significance  they  would 
have  if  a  larger  number  of  individuals  were  represented,  but  as  the  views  of  practically 
all  those  who  have  been  engaged  to  any  extent  in  underground- water  problems  are  repre- 
sented the  figures  may  be  accepted  as  illustrating  the  general  trend  of  opinion. 

It  wilt  be  seen  that  in  general  the  proportion  of  those  favoring  the  restriction  of  the 
term  artesian  to  flowing  wells  varies  inversely  with  the  amount  of  their  actual  field  expe- 
rience, although  there  are  some  variations  inside  of  the  main  divisions  of  the  claasification 
due  to  differences  in  the  standpoint  from  which  the  question  is  viewed. 

The  administrative  heads,  including  State  geologists  and  the  geologists  in  charge  of  the 
eastern  and  western  sections  of  hydrology  of  the  United  States  Geological  Survey,  who 
meet  the  problem  both  in  the  field  and  in  the  office,  or,  in  other  words,  who  are  familiar 
with  both  the  field  problems  and  the  problems  of  logical  treatment  in  reports,  favor  in 
the  proportion  of  4  to  1  the  more  extended  use  of  the  word. 

Of  the  geohydroiogists,  or  those  devoting  their  entire  time  to  the  study  of  underground 
waters,  only  1  out  of  7  favors  returning  to  the  original  definition  of  the  term,  while  of 
geologists  not  devoting  their  entire  time  to  underground-water  work,  but  who  have  had 
extended  experience  with  water  problems,  only  3  out  of  18  favor  returning  to  the  original 
definition.  * 

In  the  class  of  teachers  the  effect  of  their  characteristic  methods  of  thought  is  at  once 
apparent,  the  percentage  of  those  favoring  the  original  use  of  the  term  artesian  jumping 
to  4«)  per  cent  among  those  with  extensive  field  experience  and  to  33  per  cent  among  those 
with  limited  field  experience  in  underground- water  investigations. 

Popular  use.— The  popular  use  of  the  term  artesian  is  even  more  variable  than  the 
use  by  scientists.  As  pointed  out  in  the  letter  of  T.  C.  Chamberlin,  there  were  not  many 
flowing  wells  in  the  eastern  portion  of  the  country  twenty-five  years  ago,  and  there  was 
at  that  time  no  dominant  practice,  but  ''  with  the  multiplication  of  wells  and  the  growth 
of  speech  and  common  literature  relative  to  them  usage  has  drifted  strongly  toward  the 
application  of  the  term  artesian  to  deep  wells  quite  irrespective  of  the  rise  or  flow  of  water, 
and  it  seems  useless  to  try  to  stem  the  tide  of  this  growing  practice.  It  is  easy  to  see 
bow  this  arises  and  how  inevitable  it  is.    An  individual  or  a  community  in  considering 
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the  question  of  siDking  a  deep  well  in  hope  of  a  flow  naturally  uses  the  term  artesian  in 
reference  to  the  proposed  well.  The  drillers  do  the  same,  and  the  name  thus  becomes 
fixed  before  the  result  is  determined.  Many  wells  are  now  designated  artesian  solely  for 
the  hygienic  implications  of  the  term." 

The  uses  mentioned  by  Professor  Chamberlin  are  widely  prevalent  throughout  the 
eastern  United  States  and  often  in  those  areas  in  the  West  in  which  flowing  wells  are  absent. 
In  general  the  term  artesian  is  used  for  flows  in  those  areas  where  flowing  wells  are  common, 
but  elsewhere  the  other  usage  predominates.  The  use  of  the  term  in  various  parts  of  the 
country,  as  brought  to  light  by  the  work  of  the  division  of  hydrology,  may  be  summarized 
as  follows: 

Summary  of  popular  use  of  term  "  artesian" 


Locality. 


New  England 

Atlantic      and      Gulf 
Coastal  Plain. 

Piedmont  Plateau 

PaleoEoic  areas 

Oreat  Lakes  region  . . . . 

Great  Plains , 

Great  Basin 

Pacific  coast 


Use  of  term. 


Authority. 


Any  deep  well  entering  rock  beneath  the  drift 

Any  deep  wells  and  those  shallow  wells  which  flow. 
Occasionally  also  for  a  shallow  tubular  well. 

Any  deep  well 

Variable,  but  generally  for  any  deep  drilled  well  obtain- 
ing water  (not  oil  or  gas). 

Any  deep  rock  well  drilled  for  water.     Term  not  always 
at>pHed  to  drift  wells  even  when  flowing. 

Generally  flowing  wells 

Generally  flowing  wells,  always  in  flowing-well  districts. 

Generally  for  flowing  wells 


.  L.  Fuller- 
Do. 


Do. 
Do. 


Do. 

N.  U.  Darton. 
G.  B.  Richardson. 
W.  C.  MendenhaU. 


Summary  of  present  use. — From  the  preceding  discussion  it  is  clear  that  no  definite 
meaning  can  be  assigned  to  the  word  artesian  in  a  publication  unless  a  definition  is  given 
In  the  same  paper,  a  fact  which  is  emphasized  by  the  various  ways  in  which  the  t^rm  is 
used,  even  the  same  writer  sometimes  employing  it  differently  in  different  publications. 

The  predominant  scientific  usage,  as  brought  out  by  the  table  on  page  11,  is  for  all  wolU 
in  which  the  water  rises;  in  other  words,  for  those  exhibiting  the  hydrostatic  or  artesian 
principle.  In  popular  practice  it  is  applied,  in  addition  to  the  uses  previously  mentioned, 
to  deep  wells  in  general,  especially  those  in  rock,  and  to  a  certain  extent  to  any  drilled 
wells  yielding  water  of  good  sanitary  quality. 

ARGUMENTS  FOR  VARIOUS  USES. 


DEFICIENCY   OF  TERMS. 

In  artesian-water  reports  several  types  of  wells  and  waters  occurring  under  a  variety 
of  conditions  must,  in  many  cases,  be  constantly  referred  to.  Of  these,  the  most  common 
are:  (1)  Unconfined  waters.  (2)  confined  waters,  (3)  hydrostatic  principle,  (4)  hydrostatic 
basin,  (5)  nonhydrostatic  wells,  (6)  nonflowing  hydrostatic  wells,  and  (7)  flowing  wells. 

The  term  ground  water  is  commonly  used  for  the  unconfined  portion  of  the  undei^ground- 
water  body,  the  top  of  which  is  represented  by  the  water  table,  while  the  term  flowing 
wells  can  be  satisfactorily  applied  to  those  wells  in  which  the  water  rises  above  the  surface. 
On  the  other  hand,  the  term  nonflowing  is  not  sufficient  to  express  the  character  of  a 
well  in  which  the  water  rises  but  does  not  flow,  as  it  does  not  distinguish  between  such 
wells  and  wells  drawing  from  the  water  table. 

The  original  use  of  the  term  artesian,  as  has  been  seen,  was  for  flowing  wells,  but  if 
restricted  to  such  wells  it  can  not  be  logically  applied  to  basins  in  which  the  water  is  under 
pressure,  but  which  do  not  yield  flowing  wells,  nor  can  it  be  used  to  distinguish  confined 
waters  from  the  ordinary  unconfined  ground  waters,  the  top  of  which  is  represented  by 
the  water  table,  or  for  the  general  result  of  the  action  of  the  hydrostatic  principle. 
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SUMMABT  OP  ABGUMBNT8. 

Most  of  the  arguments  uiged  for  the  different  uses  of  the  term  have  been  outlined  or  sug- 
gested in  the  preceding  pages,  but  a  brief  statement  summarizing  them  may  not  be  out  of 
place. 

Use  of  term  for  flawing  tvells. — The  arguments  brought  forward  by  those  favoring  the 
use  of  the  term  for  flowing  wells  are — 

(1)  The  term  artesian  was  first  used  for  flowing  wells,  and  hence  such  use  has  priority 
over  all  others. 

(2)  The  advocates  of  this  usage  believe  that  it  is  the  predominating  scientific  use. 

(3)  They  believe  it  likewise  predominates  in  popular  usage. 

(4)  The  term  is  capable  of  precise  definition  and  is  based  on  conditions  apparent  to 
the  layman  as  well  as  to  the  scientist. 

(5)  It  is  aigued  that  the  term  is  applicable  and  necessary  for  the  practical  discrimination 
of  flowing  and  nonflowing  waters,  a  distinction  regarded  as  of  great  economic  importance. 

Use  for  weU  waters  under  preseure. — ^The  advocates  of  the  use  of  the  term  artesian  for 
wells  in  which  the  water  is  under  hydrostatic  pressure  present  the  following  aiguments: 

(1)  The  definition  given  to  the  term  should  agree  with  the  most  common  usage. 

(2)  The  common  European  use  of  the  term  is  for  wells  in  which  the  water  is  under  |>re8- 
sure,  but  which  do  not  necessarily  flow. 

(3)  The  proposed  usage  is  followed  by  the  majority  of  field  investigators  in  America. 

(4)  It  is  impossible  at  the  present  time  to  return  to  the  original  meaning. 

(5)  The  term  artesian,  if  used  at  all,  should  be  applied  to  the  hydrostatic  principle  and 
not  to  flows  which  are  an  accidental  result. 

(6)  The  term  flowing  describes  the  well  exactly  and  in  terms  which  can  not  be  mistaken, 
making  it  unnecessary  to  restrict  the  term  artesian  to  such  wells. 

Use  for  deep  wells. — ^Those  favoring  the  application  of  artesian  to  deep  wells  in  general 
advance  the  following  considerations: 

(1)  Depth  and  not  flow  was  the  significant  feature  of  the  original  wells  at  Artois. 

(2)  Such  definition  of  the  term  is  according  to  popular  usage. 

DISCUSSION   OF   ARGUMENTS. 

Original  use  of  term, — All  geologists,  with  one  possible  exception,  are  agreed  that  the 
original  significance  of  the  wells  at  Artois  was  their  flow  and  not  their  depth,  the  fact 
that  they  were  sunk  in  rock,  nor  the  fact  that  they  were  drilled  instead  of  dug.  It  can 
therefore  probably  be  accepted  as  a  fact  that  the  term  was  originally  applied  to  flowing 
wells  (see  pp.  9-10). 

PredominarU  usage. — It  has  been  shown  (pp.  10-11)  that  although  scientific  practice 
varies  considerably,  the  majority  of  geologists,  including  the  European  ones,  use  the  term 
in  the  modified  sense  as  applying  to  the  hydrostatic  principle  and  basin,  and  to  wells  in 
which  the  water  rises.  The  popular  usage  is  so  variable  that  it  would  seem  as  if  little 
would  be  gained  by  conforming  to  it,  even  if  some  one  use  largely  predominated,  which, 
however,  is  not  the  case. 

Precise  definition. — ^The  term  artesian,  whether  applied  to  all  wells  in  which  the  water 
rises  or  only  to  flowing  wells,  is  equally  capable  of  precise  definition,  since  a  rise  of  the 
water  is  as  positive  a  fact  as  i.s  the  flow,  hence  no  argument  can  be  based  upon  such  prc- 
ciseness  of  definition. 

Necessity  of  term  artesian  for  flowing  loells.  -That  some  terra  is  necessary  for  designating 
flowing  wells  will  be  admitted  by  all,  but  that  this  must  necessarily  be  the  word  "artesian" 
is  very  doubtful.  Any  word  which  will  exprt\ss  the  meaning  will  answer  and  the  term 
flowing  has  an  advantage  over  artesian  in  that  it  is  self-explanatory. 

Impoffffibility  ofretumijig  to  original  meaning.  —That  it  is  probably  impossible  to  return 
to  the  original  meaning  of  the  word  artesian,  except  perhaps  by  scientists,  will  be  recognized 
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by  everyone.  It  will,  however,  doubtless  be  equally  impossible  to  secure  the  uniform 
adoption  of  any  other  definition,  so  this  argument  can  not  be  advanced  in  favor  of  any 
of  the  proposed  uses. 

Basis  of  wmendature. — A  definition  of  the  term  artesian,  if  it  is  to  be  redefined,  should, 
it  is  believed,  be  based  on  a  fundamental  principle  rather  than  on  accident.  The  rise  of 
the  water  in  wells  is  the  result  of  the  action  of  the  hydrostatic  principle,  which  results 
from  well-defined  properties  of  liquids  and  definite  physical  laws,  the  rise  taking  place 
in  all  wells  regardless  of  kind,  size,  depth,  material,  or  location,  provided  only  that  confined 
waters  are  encountered.  Flows,  on  the  other  hand,  depend  on  the  location.  One  well 
may  flow  and  another  on  land  a  few  inches  higher  may  not  flow.  Again,  a  well  may  not 
rise  to  the  level  of  the  surface,  but  may  yield  flows  when  piped  laterally  to  a  slightly  lower 
level. 

TERMS  TO  BE  SELECTED. 


To  secure  the  best  results  it  is  believed  that  certain  principles  should  be  assumed  as  a 
guide  in  the  selection  of  terms.    These  are  briefly  outlined  as  follows: 

(1)  The  question  of  depth  should  not  enter  into  the  probable  nomenclature. 

(2)  l5efinitions  should,  if  possible,  be  based  on  principle  and  not  on  accident. 

(3)  The  terms  should  be  scientific  and  should  be  capable  of  accurate  definition. 

(4)  Provision  should  be  made  for  terms  for  the  hydrostatic  basin  and  principle. 

(5)  The  terms  should  meet  the  needis  of  the  greatest  possible  number  of  workers 

FBOPOSED   DEFINITIONS. 

Along  the  line  sketched  in  the  preceding  pages,  the  replies  received  from  other  geologists 
being  considered,  the  terms  to  be  used  were  thoroughly  discussed  by  the  members  of  the 
division  of  hydrology  at  the  Survey,  as  a. result  of  which  the  following  definitions  were 
agreed  on  with  practical  unanimity  as  the  most  expedient  at  the  present  time: 

Artesian  princijite. — The  artesian*  principle,  which  may  be  considered  as  identical  with 
what  is  often  known  as  the  hydrostatic  principle,  is  defined  as  the  principle  in  virtue  of 
which  water  confined  in  the  materials  of  the  earth's  crust  tends  to  rise  to  the  level  of  the 
water  surface  at  the  highest  point  from  which  pressure  is  transmitted.  Gas  as  an  agent 
in  causing  the  water  to  rise  is  expressly  excluded  from  the  definition. 

Artesian  pressure. — Artesian  pressure  is  defined  as  the  pressure  exhibited  by  water  con- 
fined in  the  earth's  crust  at  a  level  lower  than  its  static  head. 

Artesian  water. — Artesian  water  is  defined  as  that  portion  of  the  underground  water 
which  is  under  artesian  pressure  and  will  rise  if  encountered  by  a  well  or  other  passage 
affording  an  outlet. 

Artesian  system. — An  artesian  system  is  any  combination  of  geologic  structures,  such  as 
basins,  planes,  joints,  faults,  etc.,  in  which  waters  are  confined  under  artesian  pressure. 

Artesian  basin. — An  artesian  basin  is  defined  as  a  basin  of  porous  bedded  rock  in  which, 
as  a  result  of  the  synclinal  structure,  the  water  is  confined  under  artesian  pressure. 


Fio.  1. —Conditions  in  an  artesian  basin. 

Artesian  slope. — An  artesian  slope  is  defined  as  a  monoclinal  slope  of  bedded  rocks  in 
which  water  is  confined  beneath  relatively  impervious  covers  owing  to  thfe  obstruction  to 
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its  downward  passage  by  the  pinching  out  of  the  porous  beds,  by  their  change  from  a 
pervious  to  an  impervious  character,  by  internal  friction,  or  by  dikes  or  other  obstructions. 


4^    +    ^ 

4-    -^    +     ^ 


Artesian  area. — An  artesian  area  is  an  area  underlain  by  water  under  artesian  pressure. 
Artesian  well. — An  artesian  well  is  any  well  in  which  the  water  rises  under  aitesian  pres- 
sure when  encountered. 


REPRESENTATION  OF  WELLS  AND  SPRINGS  ON  MAPS. 


By  Mtbon  L.  Fuller. 


INTRODUCTION. 

In  general  there  has  been  no  attempt  at  uniformity  of  practice  in  the  delineatioii  on 
maps  of  underground-water  features  or  of  wells  or  springs,  but  the  increase  in  the  number 
of  men  engaged  in  underground-water  investigations  both  on  local  and  national  surveys 
and  the  increasing  number  of  reports  issued  has  been  so  rapid  within  the  past  two  or  three 
years  that  it  now  appears  desirable  that  a  concerted  movement  be  made  to  develop  a  uniform 
system  of  symbols  for  use  on  maps.  As  by  far  the  greater  portion  of  the  undei^ground- 
water  literature,  other  than  that  in  engineering  magazines,  is  published  by  the  United 
States  Geological  Survey,  it  is  thought  that  the  adoption  of  some  such  system  by  its  mem- 
bers will  go  far  toward  securing  uniformity  in  the  country  as  a  whole. 

GENERAL  CONSIDERATIONS. 

It  is  believed  that  the  various  typos  of  wells  and  springs  can  I  e  best  shown  by  symbols 
of  different  colors,  but  unfortunately  colored  maps  can  not  always  be  had,  and  it  becomes 
necessary  to  represent  a  considerable  number  of  features  in  black  and  white.  Symbols 
which  can  be  readily  and  quickly  made  are  also  a  great  convenience  in  note  keeping  in  the 
field  and  result  in  much  saving  of  time. 

The  number  of  symbols  devised  should  be  sufficient  for  the  representation  of  all  feature 
which  it  is  desirable  to  show.  If  wholly  arbitrary  devices  are  used,  confusion  will  result 
whenever  a  considerable  number  are  used  simultaneously,  but  this  difficulty  will  be  largely 
avoided  if  the  system  adopted  is  based  on  a  few  suggestive  forms  grouped  according  to 
easily  remembered  principles.  Unnecessary  duplication  should  of  course  be  avoided, 
although  even  a  multiplicity  of  symbols  leads  to  less  confusion  than  the  attempt  to  use  a 
single  device  to  represent  several  different  things. 

The  older  generalized  maps,  such  as  the  early  topographic  sheets  of  this  country,  have 
given  place  to  maps  in  which  the  features  are  shown  in  great  detail,  yet  not  only  are  the 
maps  not  crowded  and  confusing,  but  their  usefulness  lias  l)een  increased  many  fold.  It 
is  believed  that  the  use  of  any  necessary  number  of  symbols  will  likewise  add  to  the  useful- 
ness of  underground-water  maps.  The  system  should  in  fact  be  as  nearly  complete  as  is 
practicable,  for  although  the  use  of  many  symbols  on  a  single  map  might  be  objectionable, 
in  reality  only  a  few  would,  in  most  cases,  Ix?  used  at  one  time. 

The  principles  to  Imj  considered  in  devising  a  system  of  well  and  spring  symbols  for 
underground-water  maps  are  (1)  simplicity,  (2)  clearness,  (3)  ease  of  making,  and  (4)  sug- 
gcstiveness.  Failure  to  answer  these  various  requirements  ruled  out  many  of  the  arbi- 
trary systems  used  in  the  past,  although  several  of  the  old  symbols  have  been  utilized  in 
the  new  system  proposed. 

SYMBOLS. 

It  is  believed  that  a  system  of  symbols  can  bo  most  logically  developed  if  a  single  arbi- 
trary device  is  taken  as  a  base.  In  common  practice  a  circle  is  most  often  used  for  a  well, 
while  more  or  less  closely  allied  devices  are  used  for  .springs.  Inasmuch  as  both  wells  eikI 
springs  are  ordinarily  approximately  circular,  this  device,  which  seems  to  have  both  the 
required  simplicity  and  suggestiveness,  is  proposed. 

16 
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WELL  STMBOLS. 

Base  symbol. — The  cross  section  of  all  but  a  few  shallow  open  wells  being  circular,  the 
unmodified  circle  is  proposed  as  a  base  symbol  to  indicate  all  wells. 

Stteeessful  and  unsuccessful  wdls, — The  most  significant  feature  of  a  well  from  the  economic 
and  practical  standpoints  Is  its  success  or  failure,  and  provision  fcr  its  representation  has 
to  be  made  at  the  very  start.  It  is  thought  that  a  successful  well — a  "full"  well  in  many 
instances — can  be  best  shown  by  a  filled  circle,  or  rather  a  circular  dot,  while  an  empty  or 
unsuccessful  well  can  be  best  shown  by  a  simple  circle. 

Nonmineral  and  mineral  wells. — Next  to  obtaining  water  its  quality  is  most  important 
and  it  becomes  necessary  to  devise  a  symbol  for  indicating  the  mineral  property.  If  an 
ordinary  nonmineral  well  is  represented  by  a  circle,  a  mineral  well,  or  one  in  which  the 
water  includes  mineral  matter  in  solution,  may  well  be  represented  by  a  circle  inclosing  a 
dot. 

Hydrostatic  pressure  in  wells. — Next  to  quantity  and  quality  the  problem  of  whether  or 
not  the  waters  will  rise  is  of  the  greatest  importance,  and  a  further  symbol  for  distinguish- 
ing the  wells  simply  sunk  to  the  water  table  and  in  which  the  water  does  not  rise  from  those 
sunk  to  confined  or  artesian  waters  becomes  necessary.  It  is  thought  that  a  vertical  line 
can  be  best  used  to  designate  the  vertical  rise  of  the  water.  Such  a  line,  to  be  superimposed 
on  any  of  the  other  well  symbols,  is  therefore  recommended. 

Flowing  wdls. — ^The  wells  in  which  the  waters  rise  are  still  further  subdivided  into  those 
which  fail  to  reach  the  surface  and  those  which  flow.  For  the  latter  the  plus  sign  has 
often  been  used  and  is  proposed  in  the  present  instance.  It  is  to  be  superimposed  on 
other  well  symbols  as  in  the  case  of  the  vertical  line. 

Wells  from  different  horizons. — In  many  areas  all  of  the  successful  wells  do  not  draw 
from  the  same  horizon,  in  some  instances  as  many  as  four  or  five  different  water-bearing 
beds  being  utilized.  As  no  limit  can  be  put  to  the  number  of  horizons  which  it  may  be 
necedaary  to  indicate,  and  as  the  horizons  do  not  necessarily  have  any  relation  to  the 
character  of  the  well  it  has  not  seemed  desirable  to  devise  symbols  for  their  representation. 
Instead  it  is  recommended  that  the  horizon  of  the  supply  be  indicated  by  letters  placed 
to  the  left  of  the  well  symbol,  the  space  to  the  right  being  left  for  the  insertion  of  figures 
giving  the  depth,  height  of  water,  elevation,  etc. 

SPRING   SYMBOLS. 

Base  symbol. — As  a  base  symbol  for  springs  a  circle  with  a  short  irregular  line,  indicative 
of  a  stream,  leading  away  from  the  circumference,  is  considered  as  most  in  harmony  with 
common  usage,  especially  in  topographic  maps.  All  springs  yield  water,  so  there  is  no 
demand  for  distinguishing  springs  as  in  the  case  of  successful  and  unsuccessful  wells.. 

Mineral  and  nonmineral  springs. — The  presence  of  mineral  matter  in  the  water  may  be 
indicated  by  a  dot  placed  in  the  center  of  the  circle  as  in  the  case  of  the  wells. 

Super/icial  and  artesian  springs. — In  some  springs  the  water  is  unconfined,  the  flows 
taking  place  where  the  surface  of  the  water  table  is  cut  by  a  depression.  The  movement 
of  the  water  in  such  instances  is  almost  entirely  downward,  and  the  springs  are  frequently 
spoken  of  as  superficial  or  gravity  springs,  since  the  water  has  not  been  to  any  distance 
belo^  the  water  table  and  emerges  under  the  direct  action  of  gravity.  The  water  of  such 
sprii^gs  will  not  rise  if  confined.  In  artesian  springs,  on  the  other  hand,  the  water  comes 
from  below  and  rises  under  the  influence  of  hydrostatic  pressure,  and  when  confined  will 
sometimes  rise  to  considerable  heights  above  the  spring  mouth.  In  such  instances  it  is 
recommended  that,  as  in  the  case  of  the  wells,  the  hydrostatic  principle  be.  represented  by 
a  vertical  line  superimposed  on  the  base  symbol,  hut  not  extending  beyond  the  circumfer- 
ence of  the  circle.  Flows  do  not  need  to  be  represented,  since  all  springs  possess  this 
property. 

Thermal  property. — Springs  may  be  further  divided  into  cold  or  warm,  but  only  one 
symbol,  that  for  the  thermal  property,  is  required.     For  this  a  horizontal  bar  is  proposed 
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as  the  simplest  device  which  can  be  superimposed  on  all  others.  It  is  intended  that  this 
bar  shall  not  extend  beyond  the  circumference  of  the  circle  so  that  there  may  be  no  con- 
fusion with  the  device  indicating  flowing  wells. 

SUMMARY. 
Base  or  primary  symhoU. — As  primary  symbols  the  following  devices  are  proposed: 
Q  =well. 
9  ==  spring. 

Secondary  symbols. — ^The  secondary  symbols  to  be  superimposed  on  the  primary  symbols 
are  six  in  number: 

#  =  water  (for  wells  only). 

•  =  mineral  property. 

I    =  waters  which  rise.  . 

C-+-  =  waters  which  flow  (for  weUs  only). 
•"    =  thermal  waters  (for  springs  only).  # 

Application, — ^The  use  of  the  various  devices  is  illustrated  below.  The  arrangement 
is  not  intended  as  a  classification  of  wells  and  springs,  but  is  simply  for  convenience  io 
showing  the  use  of  the  symbols. 

{Flowing .A. 
Nonflowing. .    A 


rSuccessful . . 


Nonmineral. . 


Rise. 


No  rise. 


Wells 


j^^        jFlowing 4- 

(Nonflowing. .     X 


Springs. . 


OCCURRENCE  OF  WATER  IN  CRYSTALLINE  ROCKS. 


By  E.  E.  Ellis. 


INTRODUCTION. 

While  the  laws  gof^eming  the  occurrence  of  ground  water  in  unconsolidated  materials 
and  in  porous  sedimentary  formations  are  now  generally  understood,  little  has  been  writ- 
ten concerning  the  sources  of  supply  for  wells  in  the  so-called  crystalline  rocks.  For  this 
reason,  when  an  opportunity  was  presented  in  connection  with  an  investigation  of  the 
underground  waters  of  Connecticut,  special  attention  was  given  to  the  occurrence  of  water 
in  such  rocks. 

The  term  "crystalline''  is  applied  to  rocks  whose  component  grains  have  crystallized 
into  their  present  relative  positions;  contrasted  with  them  are  the  sedimentary  types, 
which  are  laid  down  under  water  and  which  generally  consist  of  fragments  of  older  rocks 
mechanically  arranged.  Under  the  head  of  crystalline  rocks  two  main  types  may  be  dis- 
tinguished— igneous  rocks,  such  as  granite,  diabase,  gabbro,  granodiorite,  etc.,  which  were 
once  in  a  molten  condition,  and  crystallized  and  consolidated  on  cooling;  and  metamor- 
phic  rocks,  such  as  schists  and  gneisses,  which  were  originally  either  sedimentary  or  igne- 
ous, but  have  been  altered  by  metamorphic  processes  to  their  present  form.  The  Con- 
necticut limestones,  or  marbles,  are  classed  with  the  crystalline  rocks. 

It  is  the  purpose  of  the  present  paper  to  call  attention  to  some  of  the  features  of  special 
economic  interest,  with  the  hope  that  they  may  be  of  value  to  those  seeking  for  information 
as  to  the  probabilities  of  success  in  drilling  in  similar  regions  elsewhere  in  Nmr  England 
or  along  the  Piedmont  Plateau  to  the  south.  All  discussion  of  the  literature  of  the  sub- 
ject and,  so  far  as  practicable,  all  local  references  are  omitted,  being  reserved  for  the  special 
detailed  report  on  the  occurrence  of  water  in  the  ciystalline  rocks  of  Connecticut. 

ROCK  TYPES. 
CRTSTALLINE  ROCKS. 

The  principal  types  of  crystalline  rocks  dealt  with  are  granite,  gneiss,  and  schist,  although 
some  diabase  and  limestone  areas  were  studied.  The  granites,  although  of  many  varie- 
ties, are  mainly  of  the  ordinary  somewhat  coarsely  crystalline  types,  consisting  mainly  of 
quartz,  feldspar,  and  mica.  The  gneiss  is  more  variable,  but  may  be  distinguished  by 
the  driller  from  the  granite  by  its  banded  appearance.  The  granodiorite  resembles  ordi- 
nary granite,  but  is  darker,  frequently  being  known  as  black  granite. 

In  the  schists  the  banding  is  more  highly  developed,  mica  is  present  in  lai^e  amounts, 
and  there  is  a  decided  tendency  to  cleave  into  more  or  less  flat  fragments.  Some  of  the 
schists,  in  which  little  mica  is  present,  much  resemble  slate.    Pegmatite,  usually  called 
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"feldspar''  by  the  quanymen  and  drillers,  occurs  as  dikes  or  more  irregular  maasee  cut- 
ting the  older  rocks,  and  is  usually  recognized  by  its  laige  crystals  and  white  or  light  color. 
Diabase,  or  trap  rock,  may  be  distinguished  by  the  driller  from  its  crystalline  character 
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FiQ.  3.— Geologic  sketch  map  of  Connecticut.    The  present  paper  deals  with  the  crystalline  and  lime- 
stone areas. 


and  dark  greenish-black  color, 
are  shown  in  fig.  3. 


The  distribution  of  the  crystalline  rocks  and  limestones 
DRIFT. 

In  the  region  under  investigation  the  rocks  are  in  large  measure  covered  with  deposits 
left  by  the  ice  sheet  which  once  occupied  the  region,  part  consisting  of  a  heterogeneous 
mixture  of  bowlders,  sand,  and  clay  known  as  hardpan  or  till,  and  part  of  stratified  sand, 
gravel,  and«clay.  The  till  is  seen  largely  on  the  hills,  averaging  about  15  feet  in  thickness, 
while  the  stratified  drift  occurs  mainly  in  the  vaUe3rs,  where  it  has  an  average  thickness 
of  about  36  feet.  In  general,  therefore,  the  hills  have  a  configuration  corresponding  rather 
closely  to  the  underlying  rock  surface,  the  minor  irregularities  of  which  are  masked  by  the 
overlying  drift.  On  the  other  hand,  the  valley  bottoms  are  flat  and  would  show  a  decid- 
edly different  topography  if  the  sand  and  gravel  deposits  were  removed. 

DRILLING  PRODUCTS. 

The  marked  characteristics  of  these  rocks  give  equally  characteristic  products  in  drill- 
ing. In  many  cases  fragments  will  be  yielded  by  the  drill  which  are  lai^  enough  to 
show  the  general  texture;  in  others  the  drillings  will  all  be  in  the  form  of  finely  broken 
fragments.  In  general  the  granite  drillings  yield  an  even-grained  product,'  with  a  large 
proportion  of  the  white  or  pink  minerals,  quartz  and  feldspar,  and  maintain  the  same 
character  and  color  of  material  for  a  number  of  feet.  Gneiss  gives  a  somewhat  similar 
product,  but  will  usually  have  a  larger  proj)ortion  of  biotite,  or  black  mica,  and  the  char- 
acter of  the  drillings  will  change  rapidly,  usually  every  few  inches.  Schist  is  generally 
softer  and  more  readily  drilled  than  either  of  the  preceding  types  and  the  drillings  contain 
a  conspicuous  amount  of  mica,  which  occurs  in  larger  particles  than  the  other  minerak 
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The  drillings  maintain  a  fairly  uniform  appearance,  as  in  granite.  Phyllite  is  usually  a 
hard  rock  to  drill,  owing  to  its  fineness  of  grain  and  the  frequent  nearly  vertical  position 
of  its  cleavage.  Trap  rock  is  considered  the  most  difficult  rock  to  drill,  because  of  its 
hardness,  and  is  readily  distinguished.  Limestone  drHKngs  are  ordinarily  white,  and  may 
be  tested  by  adding  acid  or  strong  vinegar,  which  will  produce  an  effervescence,  owing 
to  the  escape  of  carbon-dioxide  gas. 

WATER  IN  CRYSTALLINE  ROCKS. 

OCCURRENCE    IN   PORES. 

The  occurrence  of  water  in  crystalline  rocks  is  very  different  from  that  in  sedimentary 
rocks,  largely  owing  to  the  great  difforcnc«  in  porosity.  The  sedimentary  deposits,  which 
are  made  up  of  fragments  of  older  materials  generally  cemented  into  new  rock,  are  com- 
monly very  porous  and  often  absorb  several  per  cent  of  their  volume  in  water.  (See  table 
by  M.  L.  Fuller,  p.  61  )  Porosities  of  sandstone  average  about  15  per  cent,  shales  about 
4  per  cent,  and  limestone  5  per  cent.  In  granites  and  other  crystalline  rocks,  however, 
the  absorption  is  usually  less  than  half  of  1  per  cent  of  the  volume.  The  limestones  here 
discussed  have  alx)ut  the  same  porosity.  In  such  rocks  the  water  moves  through  the 
pores  so  slowly  that  it  can  never  escape  fast  enough  to  be  of  value  in  wells.  Fortunately 
there  are  in  the  crystalline  rocks  many  laige  passages,  some  of  which  are  described  below. 

OCCURRENCE  IN  JOINTS. 

Joints  are  the  more  or  less  extensive  and  generally  smooth  and  straight  planes  cutting 
the  rock  in  various  directions,  and  are  the  result  of  fracturing  forces  which  have  split  it 
into  blocks  of  different  shapes  and  sizes,  although  usually  without  any  appreciable  sepa- 
ration or  movement  of  the  rocks. 

*"        TYPES  OF  JOINTS. 

Veriieal  joints. — The  most  common  typo  of  joint  is  that  having  an  approximately  ver- 
tical position  (JO^-90^),  but  joints  with  many  other  inclinations  occur.  In  the  region 
investigated  the  character  of  the  joints  is  as  follows: 

Indination  of  joints  in  Conne/iicut  rocks. 


Inclination. 


Number 
of  localltieB 
observed. 


Sff^-gO^ 40 

70^-80* '  17 

74*  (mean) 75 

«*'-70*» U 

Below  40^ 4 


The  joints  are  mostly  straight,  but  a  few  that  were  curved  or  showed  other  irregulari- 
ties were  observed. 

Uorizontal  joirUs. — In  many  of  the  rocks  there  is  another  class  of  joints  which  are  very 
different  from  the  vertical  type,  both  in  their  degree  of  inclination  and  in  their  general 
nature.  These  occupy  an  approximately  level  position,  rarely  more  than  20°  from  the> 
horizontal,  and  usually  much  less  than  this.  In  general  this  joint  structure  follows  the 
surface  configuration  of  the  rock,  but  occasionally  is  found  to  pitch  at  a  low  angle  in  a 
direction  opposite  to  the  slope  of  the  hillside. 

Fisifility  and  schtstoeity  openings. — The  porosity  of  schist,  while  probably  greater  than 
that  of  slatv,  is  too  small  to  admit  artesian  circulation  through  the  pores.  In  the  crum- 
pled schists  there  appear  to  be  openings  between  the  laminee,  but  they  probably  do  not 
permit  sufficient  rapid  circulation  for  well  supplies.     It  is  upon  the  more  or  less  pronounced 
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fracture  pl&nes  parallel  to  the  schistosity,  especially  those  near  the  surface,  that  tli«  wells 
depend. 

Faults. — Faults  may  be  considered  as  extreme  types  of  joints  in  which  there  has  been 
movement  of  one  wall  of  the  joint  plane  past  the  other.  The  work  of  Hobbs,  Davis,  and 
others  has  shovm  that  there  has  been  a  considerable  amount  of  faulting  in  Connecticut, 
while  it  is  not  uncommon  to  find  strongly  marked  shear  zones,  indicating  slipping  in  the 
crystalline  rocks.  They  are  comparatively  rare  phenomena,  however,  and  are  seldofn 
encountered  in  well  drilling,  and  accordingly  will  be  treated  simply  as  special  cases  of  joint- 
ing. They  are  possibly  important  as  sources  for  springs,  although  it  is  extremely  clifficult 
and  generally  impossible  to  ascribe  any  particular  spring  to  a  fault  plane. 

SPAOCNa   AND  OONTINUrrY  OF  JOINTS. 

VerHcal  joints. — The  vertical  joints,  which  are  the  important  water  carriers,  have  no 
regularity  of  spacing  even  for  the  same  rock.  From  a  laige  number  of  observations  it 
appears  that  at  the  places  where  jointing  is  well  developed  the  spacing  of  all  joints  is  com- 
monly between  3  feet  and  7  feet  to  a  depth  of  50  feet,  the  average  spacing,  however,  between 
vertical  joints  of  the  same  series  for  the  crystalline  rocks,  excluding  trap  and  limestone,  is 
more  than  10  feet  for  this  depth,  while  the  study  of  weU  records  indicates  that  this  is  not  far 
from  the  average  spacing  for  all  joints  to  a  depth  of  100  feet. 

Although  there  are  many  exceptions,  joints  of  this  type  are  generally  continuous  for  con- 
siderable distances  both  along  the  line  of  outcrop  and  that  of  dip.  Faults,  however,  have  the 
greatest  continuity  and  frequently  extend  for  several  miles  across  the  country,  occasionally 
for  tens  of  miles.  The  sheeted  zones  of  close  jointing  are  probably  nearly  as  continuous  as 
faults,  and  their  dimensions  should  be  measured  in  hundreds  of  feet.  Where  there  is  a  well- 
defined  parallel  joint  series  the  prominent  joints  may  extend  several  hundred  feet,  while  the 
minor  intersecting  joints  will  be  much  shorter. 

Horizontal  joints. — There  is  much  greater  regularity  of  spacing  in  the  horizontal  joints 
than  in  the  vertical  joints.  They  are  apparently  surface  phenomena  and  diminish  in  num- 
ber rapidly  with  depth,  and  it  is  probable  that-  they  do  not  exist  as  fractures  at  200  feet  bek>w 
the  surface.  In  the  first  20  feet  below  the  surface  these  horizontal  joints  average  1  foot  apart , 
in  the  next  30  feet  they  average  between  4  and  7  feet,  and  in  the  next  50  feet  they  are  much 
more  widely  spaced,  running  from  6  to  30  feet  or  more  apart. 

The  continuity  of  individual  horizontal  joints  rarely  exceeds  150  feet,  but  owing  to  their 
intersection  of  each  other  a  continuous  opening  might  be  formed  of  several  hundred  feet 
which  would  be  in  the  form  of  a  curved  sheet  approximately  parallel  to  the  hill  slope,  each 
lower  sheet  having  less  curvature  than  the  other.  They  are  probably  better  developed  on 
the  hills  than  in  the  valleys,  as  the  pitch  of  the  joints  is  usually  less  than  the  slope  of  the 
surface,  which  consequently  cuts  across  the  joints;  and  as  they  are  wider  spaced  with  depth 
the  horizontal  joints  which  cross  the  valleys  will  be  widely  spaced. 


Not  only  do  joints  become  tighter  with  depth,  but  they  are  farther  apart.  The  applica- 
tion of  this  principle  in  the  drilling  of  wells  is  of  the  utmost  importance,  as  it  is  frequently 
asserted  that  water  can  always  be  obtained  by  going  deep  enough,  whereas,  in  fact,  the 
deeper  the  well  the  leas  the  chance  of  striking  fractures,  which  are  the  only  passages  permit- 
ting water  transmission  in  crystalline  rocks.  It  is  further  evident  that,  owing  to  the  cJostng 
of  joints  with  depth,  there  will  be  a  much  greater  circulation  in  the  upper  half  than  in  the 
lower  half  of  any  individual  joint. 

Tlio  number  of  fractures  supplying  water  varies  greatly  in  different  wells.  In  some 
cases  the  greater  part  of  the  water  appears  to  come  from  a  single  o]>ening,  while  in  others  the 
water  comes  in  slowly  from  a  large  number  of  openings.  In  the  average  well  there  are  from 
one  to  four  horizons  from  which  the  principal  supplies  of  water  come,  although  the  yield  from 
one  of  them  is  usually  greater  than  from  all  the  others  together.    This  is  particularly  true  of 
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the  deeper  wells  (from  200  to  300  feet),  in  which  the  principal  source  is  usually  very  dose  to 
the  bottom  of  the  well. 

If  an  average  inclination  of  70°  from  the  horizontal  and  an  average  spacing  of  10  feet  be 
assumed  for  the  vertical  joints  for  the  upper  200  feet  of  rock,  each  well  200  feet  in  depth  will 
intersect  seven  joints.  This  is  probably  not  far  from  the  average  for  all  the  wells,  the  smaU 
and  discontinouus  fractures  near  the  surface  being  neglected.  Below  200  feet  the  average 
number  of  joints  intersected  would  be  somewhat  decreased  for  the  next  100  feet,  and 
greatly  decreased  at  depths  greater  than  300  feet. 

INTEBSECnON   OF  JOINTS. 

Tlie  intersection  of  joints  with  one  another  is  very  important  in  determining  the  nature  of 
the  underground  circulation.  While  all  joints  intersect,  the  circulation  is  greatest  where 
the  joints  of  the  principal  systems  meet  and  where,  in  addition  to  the  vertical  joints,  hori- 
zontal fractures  occur. 

WIDTH  OF  OPENINGS. 

At  the  immediate  surface,  joints  often  have  an  opening  of  one-half  inch  to  2  inches  and 
occasionally  much  greater.  This  wide  opening  is  due  to  various  weathering  and  mechanical 
agencies,  which  act  only  near  the  surface,  and  consequently  is  not  found  at  depths  below 
which  these  agents  act.  In  an  artificial  cut,  such  as  a  quarry  wall,  joints  which  may  be 
open  one-half  inch  at  the  surface  are  often  found  to  be  too  tight  to  admit  a  knife  blade  at  25 
feet  below  the  surface. 

While  the  joints  at  30  feet  below  the  surface  may  have  only  one-twentieth  the  opening 
that  they  have  at  the  surface,  the  same  proportionate  tightening  will  not  continue  at  lower 
depths,  although  it  is  certain  that  the  greater  the  depths  the  greater  must  be  the  tendency 
of  joints  to  close,  owing  to  increased  pressure  and  the  smaller  opportunity  for  lateral  expan- 
sion below  the  level  of  minor  topographic  relief. 

QUALITY  OP  THE  WATER. 

The  waters  of  the  crystalline  rocks  are  variable  in  mineral  composition,  but  in  most 
instances  are  relatively  soft,  the  carbonates  or  sulphates  of  calcium  or  magnesium  being 
present  only  in  small  amounts.  They  are  practically  always  safe  for  domestic  purposes  and 
give  little  trouble  in  boilers.  Some  wells  on  islands  or  very  near  the  coast  on  the  mainland 
yield  brackish  water. 

WELLS. 

VARIABILITY  OF  CONDITIONS. 

In  crystalline  rocks  it  is  impossible  to  foretell  the  conditions  that  will  be  encountered  in  a 
well,  since  these  often  depend  on  the  occurrence  of  joints  of  which  there  may  be  no  indica- 
tion at  the  surface.  One  well  may  be  entirely  different  in  both  the  quantity  and  quality  of 
its  waters  from  another  only  a  few  feet  away.  It  is  not  therefore  advisable  for  a  driller  to 
guarantee  water  unless  an  additional  charge  is  made  to  insure  him  against  risk  of  failure. 

Among  237  wells  of  which  information  was  secured  only  3,  or  1}  per  cent,  failed  to  get 
water,  and  although  there  is  a  general  reluctance  to  give  information  in  regard  to  such  wells, 
the  probabilities  of  failure  are  probably  not  more  than  one  in  twenty.  It  should  be  remem- 
bered, however,  that  this  applies  only  to  domestic  wells,  and  that  the  chance  of  failure  when 
large  supplies  for  manufacturing  or  similar  purposes  are  demanded  is  considerably  greater. 
It  is  probable,  however,  that  90  per  cent  of  the  wells  sunk  have  obtained  supplies  sufficient 
for  the  use  required. 

TTX>WING  WELLS. 

Although  wells  in  which  the  water  rises  above  the  rock  surface  are  common,  very  few 
instances  where  it  reaches  the  surface  of  the  overlying  drift  are  known.  Only  six  yielding 
permanent  flows  have  been  reported,  although  a  number  of  others  flowed  for  a  few  minutes 
when  first  drilled.    All  of  the  flowing  wells  are  located  on  slopes  with  considerably  higher 
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elevations  near  by,  and  are  generally  found  only  where  there  is  a  considerable  thidukees  of 
drift  resting  on  the  rock  surface  and  serving  to  confine  the  water  in  the  rock. 

The  flows  are  ordinarily  of  no  especial  value  if  the  water  is  to  be  utilized  at  the  well,  as 
the  rise  above  the  surface  is  very  slight.  In  some  instances,  however,  when  the  wells  are 
on  hillsides,  the  water  can  be  piped  to  a  point  lower  down,  giving  a  continuous  flow  with- 
out pumping.  Flows  can  occasionally  be  obtained  by  the  use  of  siphons  when  the  water 
is  within  30  feet  of  the  surface  and  the  point  where  the  water  is  used  is  more  than  30  feet 
below  the  mouth  of  the  well. 

AVATEIl  .*tUPPI^Y. 

OENKRAI.   .«rrATEMENT. 

The  yield  of  a  well  depends  on  i(^  depth,  its  topographic  location,  and  the  nature  of  the 
rock  in  which  it  is  made. 

As  previously  stated,  only  3  out  of  the  237  wells  reported  were  completely  dry.  Only  17, 
or  12^  per  cent,  furnished  less  than  2  gallons  a  minute.  About  15  gallons  a  minute  is  the  aver- 
age yield,  although  some  yield  over  36  gallons  a  minute  on  continuous  pumping.  They  are 
remarkably  constant,  shpwing  little  variation  in  yield,  either  annually  or  through  a  period 
of  years.  Some  have  shown  increased  and  others  decreased  yields,  but  generally  the  change 
is  inappreciable.  The  level  to  which  the  water  rises  is  nearly  as  unchangeable  as  the  yield, 
usually  being  little  if  at  all  affected  by  dry  seasons.  Generally  the  water  regains  its  origi- 
nal level  very  quickly  after  pumping  has  ceased,  although  in  some  wells  it  returns  very 
gradually. 

Some  details  are  given  in  the  following  table: 

Yield  in  gallons  per  mintUe  at  various  depths  (beneath  surface  cot^ering)  in  various  typett  of 

rock. 


Depth    below  |_. 
surface  cov- 


Schist. 


ering(feet).  |  ^of*  |  Yield, 
wclls.i 


Granite. 






No. 

of 

veils. 

Yield. 

1 

7 

9 

6.7 

5 

9.8 

2 

20.5 

8 

14.4 

5 

13 

3 

16 

Gneiss. 


Grano- 
diorite. 


No. 

of 

wells. 


1 

13 
14  I 

2 

8l 
2! 
2  ' 
1 
2 


No.  ' 

Yield.  I    of      Yield. 

wells. 


1.0 

11.9 

12.4 

7,6 

5.5 

8.3 

33.0 

22.0 

50 

14 


8.0 

0 
46 
12.7 

2 


QuartKite 
schist. 

No."V 
of    '  Yield, 
wells.! 


Total. 

No. 

of       Yield, 
wells. 


I  I 


6.0 


4 
22 
23 
14 
17 
21 
9 
4 


3.6 
9-75 
11.3 
12.4 
15.2 
2a  2 
16.7 
11.5 
26 
5.2 


I 


There  is,  in  general,  a  slight  increase  in  the  yield  of  water  with  increased  depth  from  15 
feet  down  to  200  feet,  l)eyond  which  the  chances  decrease,  wells  over  400  feet  being  in 
many  cases  failures.  The  results  of  observations  on  the  latter  class  are  summarized  in 
the  following  tables: 
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Yield  cf  wells  over  400  feet  deep. 


Location.                                                        , 

Depth. 

Yield  per 
minute. 

Valleys 

Feet. 
583 
690 
503 
425 
850 
548 
420 
485 
610 
645 
1,465 

Oallt. 

25 
10 

Hills 

26 

50 

40 

Small. 

1 
Slopes 

2 

Dry. 

12 

luliLruX 

4 
as 

1 

a  Salty. 

The  average  depth  in  rock  of  163  wells  is  88.8  feet  and  the  average  total  depth,  including 
the  surface  material  overlying  the  rock,  is  108.4  feet.  Ninety  per  cent  of  the  wells  are 
less  than  300  feet  in  depth  and  82  per  cent  less  than  200  feet  in  depth.  In  many  of  the 
wells  which  have  gone  below  250  feet  the  main  and  in  several  cases  the  entire  supply  has 
come  from  seams  at  less  than  250  feet  in  depth.  From  a  study  of  the  recorded  wells  it 
would  appear,  therefore,  thai  if  a  well  has  penetrated  250  feet  of  rock  without  success  the 
best  policy  is  to  abandon  the  place  and  sink  in  another  location.  In  the  case  of  wells  in 
granodiorite  which  have  been  successful  at  an  average  greater  depth  than  in  other  rocks 
this  depth  might  be  somewhat  too  small,  while  in  other  rocks  it  is.  very  possible  that  a 
maximum  depth  of  200  feet  should  be  adopted. 

The  following  table  summarizes  the  depths  of  the  wells  under  400  feet  and  the  proportions 
of  each  in  rock  and  drift: 

Average  depths  of  surface  material  and  of  the  entire  loell,  exclusive  of  wells  over  J^OO  feet  in 
depth  and  of  roells  known  to  be  dry. 


Position. 


Valleys 
nUte... 
Slopes. 
Plains. 


Average 
thick- 
ness of 
drift. 


I 


Feet. 
36 
17 
21 
10 


Average    Average    Number 
depth  m  i     total  of 

rock.     I    depth.    ■  records. 


Feet 
104.5 
94.0 
79.4 
74.0 


I 
Feet.   I 

140.5  ' 

111.0  ' 

100.4  ! 

84.0 ; 


26 
67 
54 
16 


The  average  toUl  depth  of  the  168  wells  is  108.4  foot. 

TOPOtJRAPHIC    LOCATION. 

It  has  been  found  that  on  an  average  water  is  encountered  in  the  crystalline  rocks  at  a 
less  depth  on  the  hiJls  than  in  the  valleys,  but  this  is  duo  largely  to  the  heavier  deposits 
of  drift  that  must  be  penetrated  before  rock  is  reached  in  the  valleys. 
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Average  depth  from  surface  to  water  level. 


Position. 


HillP... 
Valleys 
Slopes. 
Plains. 


Depth   I  Number 
to  water.!  ,^^3^ 


Feet, 
19 
11 
15 

8 


76 
30 
44 
31 


The  average  jdeld  of  the  wells  in  the  valleys  is,  however,  somewhat  greater.  Wells  on 
the  slopes  for  some  reason  have  an  average  yield  of  less  than  one-half  that  of  those  in  either 
of  the  other  locations. 

Average  yield  of  wells  in  varioiLs  locations. 


Location. 


Valleys. 
Hills... 
Slopes.. 
Plains.. 


Yield     '  Number 
per  of 

miDUie.     records. 


GaU*. 
24.4 
20.5 
8.7 
18.8 


18 
27 
25 
9 


Some  rather  puzzling  features  are  brought  out  by  the  following  table,  showing  the  rpla- 
tion  of  the  water  level  to  the  level  of  the  rock  surface  (bottom  of  overlying  drift)  in  welb 
in  various  topographic  locations: 

Relation  of  water  level  to  surface  of  rock  {bottom  of  overlying  drift). 
POSITION  OF  WATER  LEVEL. 


Hills.... 
Valleys. 
Slopes.. 
Plains.. 
Hills.... 
Valleys. 
Slopes.. 
Plains.. 
Hills.... 
Valleys. 
Slopes . . 
Plains.. 
Hills.... 
Valleys. 
Slopes . . 
Plains.. 


Material. 


Topographic  loca- 
tion. 


VGranite. 


Schist. 


Gneiss. 


Wells 
observed. 


^Granodlorite  . 


Below 

rock 

surface. 


Above 

rock 

surface. 


Percent.   Percent. 


At  rock 
surface. 


Per 


f     ^ 

50 

11 

89 

41 

50 

50 

50 

r       62.5 

37.5 

0 

100 

50.0 

33 

Hills.... 
Valleys. 
Slopes.. 


SUMMARY  OF  ALL  WELLS. 


69 
22 
44 

0 
71 

0 
60 
33 


21 
78 
36 
50 
0 
100 
40 
67 


42 

6L9 

2..2' 

24 

12.6 

87.6 

35 

48.5 

4ao 

cent. 
13 
0 
S 

0 
0 


0 

33 
50 

0 
0 
0 


1L9 

ao 

11.5 
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It  18  seen  that  in  nearly  all  valley  wells,  no  matter  in  what  kind  of  rock  they  may  occur, 
the  water  is  under  artesian  pressure  and  rises  above  the  rock  surface.  In  schists,  gneisses, 
and  granodiorites  the  percentage  of  wells  on  bills  and  slopes  in  which  the  water  is  below  the 
rock  surface  is  invariably  and  rather  uniformly  greater  than  those  in  which  the  water 
level  is  above  the  rock  surface,  the  percentage  ranging  from  62  to  70.  In  the  granites,  on 
the  contrary,  exactly  the  opposite  is  true,  the  water  failing  to  reach  the  rock  surface  only 
in  37  per  cent  of  the  wells.  In  other  words,  in  hill  weib  the  granite  waters  rise  to  the  rock 
surface  nearly  twice  as  frequently  as  in  the  case  of  other  rocks. 

The  situation  of  the  wells  with  reference  to  the  sea  is  very  important,  most  of  the  wells 
which  fail  to  get  pure  water  being  in  fact  located  along  the  coast  or  tidal  rivers.  Wells 
within  100  feet  of  the  sea  are  always  liable  to  be  spoiled  by  the  entrance  of  salt  water, 
while  there  are  cases  where  the  latter  has  penetrated  to  wells  500  feet  distant.  There  are, 
however,  exceptions  to  this  rule,  some  good  welb  being  obtained  even  close  to  the  water. 
Much  may  depend  on  the  amount  pumped,  as  a  well  which  yields  fresh  water  when  only 
a  little  water  is  used  may  become  salty  if  heavily  pumped.  When  a  choice  of  location  can 
be  had  a  point  as  high  and  as  far  removed  from  the  sea  as  possible  should  be  selected. 

NATURE   OF   BOCK. 

Hie  amount  of  water  in  a  well  depends  to  a  considerable  extent  on  the  nature  of  the 
rock  in  which  it  is  made,  lai^ely  because  of  the  greater  frequency  of  joints  in  some  rocks 
than  in  others.  In  general  the  yield  from  wells  in  granite,  gneiss,  and  common  schist  does 
not  vary  greatly  from  13  gallons  a  minute.  In  those  in  granodiorite,  however,  two  and 
one-half  times  as  much  is  obtained,  in  quartzite  schist  only  about  one-half  as  much,  while 
in  the  slaty  rocks  the  supplies  are  very  small.  The  details  are  well  brought  out  by  the 
following  table. 

Yield  of  wdls  in  various  types  of  rock. 


Depth  of  sur- 
face covering. 

Depth  in  rock. 

Total  depth. 

No.  of 
rec- 
ords. 

^ield. 

Material. 

No.  of 
rec- 
ords. 

Feet. 

No.  of 
rec- 
ords. 

Feet. 

No.  of 
rec- 
ords. 

54 
73 

3 
23 
19 

5 

Feet. 

122.5 
131.4 
443.5 
109.7 
156.6 
93.8 

Gallons 
minute. 

Granite 

G  neisfl       

45 
09 
3 
23 

15 

4 

20.6 
16.3 
32.5 
13.7 
24.1 
14.4 

45 
70 

3 
23 
16 

5 

102  5 
112  6 
411.0 

§6 
138.5 

80  2 

35 
50 
3 
16 
13 

13 
12.3 

Quartzite  schist 

7.25 

Schist  other  than  quartzite 

G  ranodiorite 

Pbyllite  (slate) 

13.9 
33 
Very  poor. 

The  drift  plays  a  very  important  part  in  the  occurrebce  of  water  in  the  crystalline  rocks. 
When  drift  is  absent  over  the  catchment  area  the  rain  runs  rapidly  off  the  surface  of  the 
smooth,  bare  rock  and  little  is  absorbed,  but  when  there  is  a  considerable  thickness  of  drift 
large  amounts  of  water  are  absorbed  by  its  porous  materials  and  are  regularly  and  con- 
tinuously supplied  to  the  underlying  crystalline  rocks  through  their  joints.  The  importance 
of  a  drift  mantle  in  affording  conditions  favorable  to  flows  at  the  well  sites  has  already 
been  mentioned.  It  is  apparent,  then,  that  in  general  water  will  both  be  more  abundant 
and  rise  to  a  highe/  level  when  the  crystalline  rocks  in  the  catchment  areas  and  at  the  wells 
are  covered  with  drift  than  when  they  are  bare.  This  is  especially  true  when  the  drift 
occupies  basinlike  depressions  in  the  rock  surface. 
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COST  OF  WELLS. « 

The  cost  of  wells  is  very  variable,  depending  on  the  diameter  of  the  hole,  whether  the  well 
is  sunk  by  the  day  or  by  the  foot,  and  whether  or  not  a  supply  is  guaranteed.  Two-inch 
wells  are  the  most  common,  and  cost  about  $2  a  foot  for  the  wells  under  100  feet  in  depth, 
$2.50  for  wells  between  100  and  200  feet,  $3  for  wells  between  200  and  300  feet,  and  $3  to 
$4  for  wells  over  300  feet.  The  cost  of  a  well  drilled  by  the  day  will  vary  greatly  according 
to  the  depth  at  which  water  is  struck,  but  seems  to  average  a  little  higher  than  by  the  foot. 
The  cost  when  water  is  guaranteed  is  probably  slightly  higher  than  under  either  of  the  other 
methods.  For  wells  of  larger  diameter  the  price  is  much  higher.  .  The  average  cost  of  123 
wells,  averaging  108  feet  in  depth  and  yielding  a  mean  of  12.7  gallons  a  minute,  is  $4.25  per 
foot. 

SUMMARY. 

The  water  of  the  ciystalline  rocks  occurs,  so  far  as  it  can  be  secured  by  wells,  wh<JIy 
in  joints,  faults,  or  other  fracture  openings,  the  pores  and  schistosity  planes  being  too  clG^«e 
to  permit  active  circulation.  The  water  seems  to  occur  largely  in  the  vertical  joints  or 
faults,  especially  in  the  sheeted  zones  consisting  of  numerous  crowded  fracture  planes. 
In  Connecticut  a  common  spacing  between  the  surface  joints  is  3  to  7  feet,  but  in  some  cases 
they  are  much  farther  apart.  At  depths  of  more  Ihan  50  feet  the  space  becomes  greater 
owing  to  the  dying  out  of  subordinate  joints. 

The  spacing  of  the  horizontal  joints  is  rather  regular.  In  the  first  20  feet  below  the  sur- 
face they  average  1  foot  apart,  for  the  next  30  feet  from  4  to  7  feet,  and  in  the  following 
50  feet  they  are  from  6  to  30  feet  or  more  apart. 

The  most  favorable  points  for  water  are  at  the  intersection  of  two  or  more  of  the  joint 
systems,  the  circulation  often  being  concentrated  at  these  points. 

It  is  impossible  to  foretell  the  success  or  yield  of  a  well  in  crystalline  rocks,  but  the  chances 
of  a  moderate  supply  are  at  least  as  good  as  9  in  10.  The  character  of  the  water  obtained 
is  in  general  excellent,  both  for  domestic  and  manufacturing  purposes,  and  is  usually  soli. 
Hills  and  places  where  the  soil  is  thick  are  the  most  desirable  locations  for  drilled  wells. 
In  general,  it  is  better  to  abandon  a  well  and  seek  a  new  location  if  not  successful  when  a 
depth  of  250  feet  has  been  reached,  as  the  possibilities  of  a  supply  below  this  depth  are  much 
less  than  at  shallower  depths. 

oData  mainly  by  M.  L.  Fuller. 
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FLOWING-WELL  DISTRICTS  IN  THE.  EASTERN  PART  OP 
THE  NORTHERN  PENINSULA  OF  MICHIGAN. 


By  Frank  Leybbett. 


GENERAL  STATEMENT. 

The  flowing  wells  of  the  northern  peninsula  of  Michigan  are  obtained  in  part  from  the 
Pleistocene  deposits  and  in  part  from  Silurian  and  Cambrian  formations.  The  rocks  dip 
southward  toward  the  basins  of  Lakes  Huron  and  Michigan  and  southeastward  toward  the 
Green  Bay  basin  and  the  adjacent  portion  of  the  Lake  Michigan  basin.  In  consequence  of 
this  arrangement  of  the  strata,  water  absorbed  in  the  part  of  the  peninsula  bordering  Lake 
Superior,  which  is  as  a  rule  an  elevated  tract,  passes  toward  the  basins  of  Lakes  Huron  and 
Michigan  and  Green  Bay  under  sufficient  hydrostatic  pressure  to  yield  flows  at  moderate 
elevations  above  the  surfaces  of  these  water  bodies.  Already  flows  have  been  obtained 
along  the  western  side  of  Green  Bay  throughout  its  entire  length,  in  wells  ranging  from  200 
feet  or  less  up  to  about  800  feet  in  depth.  They  have  been  obtained  on  Garden  Peninsula, 
lying  between  Big  Bay  de  Noc  (at  the  northern  end  of  Green  Bay)  and  Lake  Michigan. 
They  have  also  been  obtained  along  the  northern  shore  of  Lake  Michigan  at  several  points 
from  Manistique  eastward.  On  the  borders  of  Keweenaw  Peninsula  there  are  also  flowing 
wells  from  the  Cambrian  sandstones,  but  these  are  outside  the  district  covered  by  the  writer. 

Wells  from  the  drift  have  already  been  extensively  developed  in  a  low  district  lying 
north  of  the  "Niagara'^  escarpment  in  Chippewa  and  Luce  counties  and  on  the  western 
shore  of  Whitefish  Bay  at  Emerson,  and  there  are  small  areas  in  other  parts  of  the  peninsula 
where  they  are  either  already  obtained  or  may  be  expected  to  be  obtained. 

Very  little  information  could  be  secured  from  drillers  or  well  owners  concerning  the  char- 
acter of  the  rock  formations  which  yield  flows.  In  most  cases  they  report  that  the  flows 
are  obtained  under  a  bed  of  rock,  which  was  hard  to  penetrate  with  the  drill,  and  which 
seems  to  have  served  as  a  cover  to  prevent  the  natural  escape  of  the  water.  In  some  cases, 
as  at  Gladstone  and  other  points  along  the  western  side  of  Green  Bay,  water  is  obtained  at 
more  than  one  horizon,  but  because  of  the  roeagerhess  of  the  data  the  writer  did  not  attempt 
to  work  out  the  stratigraphy  of  these  water-bearing  beds.  Some  identifications  made  by 
Lane  and  by  Alden  appear  in  the  Annual  Report  of  the  State  Geologist  for  1903. 

The  flowing  wells  obtained  in  the  drift  deposits  usually  penetrate  a  bed  of  clay  and  obtain 
water  in  sand  or  gravel.  In  Chippewa  County  the  clay  is  a  laminated,  nearly  pebbleless 
deposit,  apparently  laid  down  in  the  bed  of  a  great  glacial  lake.  Lake  Algonquin,  which 
covered  this  region  after  the  retreat  of  the  ice.  But  in  Luce  County  the  clay  deposits  are 
in  some  cases  found  to  be  stony,  and  are  probably  of  glacial  rather  than  lake  deposition. 
Beneath  the  clay  deposits  of  Chippewa  County  si  bed  .of  sandy  material  full  of  water  gen- 
erally occurs,  but  is  not  a  good  source  for  flowing  wells,  since  it  is  too  flne  grained  to  furnish 
water  rapidly.  It  is  termed  slush  by  the  drillers,  and  it  is  their  custom  to  continue  through 
it  to  a  bed  of  gravel. 

In  the  division  of  the  wells  into  districts  (PI.  I)  there  is  usually  the  probability  that  over 
part  of  the  intervening  territory  the  altitude  is  too  high  to  permit  flows.  But  in  some  cases 
further  exploration  may  develop  wells  between  districts  now  placed  in  separate  groups. 
An  attempt  is  made  to  indicate  possible  extensions  of  the  flowing-well  areas  as  well  as  their 
present  limits.  The  districts  are  taken  in  order  from  east  to  west,  those  in  the  drift  deposits 
being  first  considered  and  then  those  in  rock. 

IBB  100—06 3  29 
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FLOWING-WELL  AREAS. 

FLOWS  FROM  DRIFT. 

MeGAREOK. 

Two  shallow  flowing  wells  have  been  obtained  in  a  ravine  near  McCarron  post-office, 
Chippewa  County,  at  an  altitude  of  about  650  feet  above  tide.  One  at  the  residence  of 
David  McCarron  in  sec.  4,  T.  45  N.,  R.  1  E.,  is  30  feet  in  depth  and  has  a  head  of  about  3 
feet.  The  water  is  sulphurous  and  has  a  temperature  of  45°  F.  About  one-eighth  mile 
northeast  of  the  McCarron  well,  at  the  residence  of  Samuel  Boyle,  in  sec.  34,  T.  46  N.,  R. 
1  E.,  is  a  well  37  feet  deep,  with  similar  head  and  quality  of  water,  and  a  temperature  of 
44.9°.  The  temperatures  were  taken  August  10,  1905,  when  the  air  temperature  was 
85°  F.     Both  wells  penetrate  a  laminated,  pebbleless,  red  clay  and  enter  a  bed  of  gravel. 

DOirALDBOV. 

A  flowing  well  was  obtained  in  the  autumn  of  1905  at  Donaldson,  by  Robert  McKee, 
which  was  reported  by  the  driller,  Judson  Daley,  of  Pickford,  to  be  78  feet  in  depth  and  to 
flow  one-third  gallon  a  minute.  It  is  located  in  a  ravine  about  15  feet  above  a  tributary 
of  Charlotte  River,  at  an  altitude  of  about  650  feet,  and  penetrated  clay  to  the  gravel  bed  at 
its  bottom.     It  lies  in  sec.  31,  T.  46  N.,  R,  IE.,  and  is  used -as  a  public  well. 

MoEVOY. 

This  is  probably  the  oldest  flowing  well  in  Chippewa  County,  having  been  running  for 
at  least  twenty-five  years.  It  is  located  in  sec.  14,  T.  46  N.,  R.  1  W.,  on  the  Mackinaw 
road  running  from  Sault  Ste.  Marie  to  St.  Ignace.  It  stands  in  a  slough  tributary  to  Chai^ 
lotte  River,  about  15  feet  below  the  bordering  plain  at  an  altitude  of  700  feet  above  tide. 
It  has  a  depth  of  45  feet  and  a  head  of  about  5  feet  or  less  above  the  surface.  The  well, 
which  is  said  to  have  maintained  it-s  strength,  yields  over  a  gallon  a  minute. 

PIOKFORD  DIBTRIOT. 

The  Pickford  flowing-well  district  is  a  narrow  strip  along  Munuscong  River  and  its 
tributaries,  in  the  vicinity  of  the  village  of  Pickford,  most  of  the  wells  being  in  Chippewa 
County,  but  a  few  in  Mackinac  County.  Of  the  32  wells  already  developed  26  are  within 
the  village  limits.  The  outlying  wells,  however,  seem  to  indicate  that  flows  may  be  obtained 
from  the  junction  of  the  two  forks  of  Munuscong  River  northeast  of  Pickford  for  a  distance 
of  5  or  6  miles  up  the  west  fork  and  2  or  3  miles  up  the  east  fork.  The  water  obtained 
is  suitable  for  boiler  use,  there  being  only  a  moderate  amount  of  lime  present.  It  has  a 
little  iron  and  in  some  cases  a  slight  sulphurous  odor.  The  temperature  of  the  water 
where  not  surface  heated  is  43.5°  to  45°  F.,  but  in  most  cases  the  flow  is  so  weak  that  it 
can  not  overcome  the  effect  of  the  air  on  the  portion  of  the  pipe  above  the  surface,  nor  of 
the  warm  soil  around  the  upper  portion  of  the  pipe.  The  data  contributed  by  Mr.  Daley 
are  from  careful  records  in  his  notebook.  They  show  an  interesting  variation  in  the  thick- 
ness of  the  laminated  red  clay  and  the  underlying  sandy  slush,  the  cause  of  which  is  not 
clearly  understood.  It  is  possible,  ho:wever,  that  a  change  to  more  sandy  texture  may 
set  in  at  50  feet  or  less  in  wells  where  the  driller  has  classified  material  as  re,d  clay  to  a  depth 
of  over  100  feet.  In  the  table  given  below  several  wells  are  included  which  would  not  flow 
at  the  level  of  the  ground,  but  are  made  to  flow  by  being  piped  into  cellars  or  basins 
below  the  surface. 
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In  a  district  so  flat  as  that  near  Pickford  it  is  somewhat  difficult  to  detennine  by  barom- 
eter the  slight  differences  in  altitude  of  the  wells.  If  we  may  trust  the  barometric  readings, 
there  is  a  slight  decrease  in  the  height  to  which  water  will  rise  along  a  line  running  south- 
west and  northeast  through  this  district,  or  in  the  direction  of  drainage  of  the  west  fork  of 
Munuscong  River.  As  indicated  in  the  table,  the  flow  from  the  westernmost  well  (that  of 
W.  Wise)  appears  to  rise  to  an  elevation  15  feet  greater  than  is  reached  by  flows  from  the 
wells  in  Pickford,  while  the  wells  a  mile  east  of  Pickford,  in  the  valley  of  East  Fork,  on  the 
farms  of  William  Bacon  and  J.  Clagg,  have  a  head  several  feet  less  than  that  of  wells  in  the 
village.  The  high  land  lying  a  few  miles  southwest  of  Pickford  seems  likely,  therefore,  to 
be  the  main  catchment  area  for  this  district.  The  drift  is  loose  textured  in  that  region, 
the  compact  laminated  clay  penetrated  by  the  flowing  wells  not  being  present. 

A  number  of  wells  with  strong  hydrostatic  pressure  have  been  obtained  in  the  vicinity 
of  Pickford  on  ground  a  little  higher  than  that  within  the  flowing-well  district,  as  indicated 
in  the  table  below.    They  are  probably  supphed  from  the  same  catchment  area. 

WelU  near  Pickford  having  head  jtearly  at  siaface. 


. 

Location. 

i 

^ 

Owner. 

T. 

R. 

Sec. 

P 

a 
S 

1 

1 

In. 

1 

Section  and  remarks. 

Ft. 

Ft. 

Ft. 

R.  Smith 

43  N. 

IW. 

6 

J.D. 

1605 

fi70 

160 

2 

-30 

Clay  to  gravel  at  bottom. 

Largely  sand,  gravel  at 
bottom  18  feet. 

E.  Cottle 

43  N. 

IW. 

5 

J.D. 

666 

104 

3 

-30 

BrooBon  estate 

43  N. 

IW. 

5 

0. 

1906 

660 

120 

-27 

Mr.  Bronson  dug  a  well 
27ieet,whlchcavedln 
and  Idlled  him.  The 
well  was  then  driven 
to  127  feet.  Said  to  be 
mainly  sand. 

C.  Harrison. 

43  N. 

IW. 

4 

J.D. 

1605 

660 

92 

3 

-14 

Clay  to  gravel  at  bot- 
tom.   Cost  $23. 

F.  Bye 

43  N. 

1  W. 

2 

J.D. 

1905 

650 

88 

2 

-10 

Clay  to  gravel  at  bottom. 

J.  Dnnbar 

44  N. 
44  N. 

IW. 
IE. 

30 
31 

J.D. 
J.D. 

1905 
1904 

670 
645 

82 
91 

2 
2 

-  7 
-11 

Do. 

W.  Best 

and  gravel  18  feet. 

Kirkbrtde 

44  N. 
43  N. 

IE. 
IE. 

31    J.  D. 

1903 
1906 

640 
630 

105 
92 

2 
2 

-  8 

-  3 

Red  clay  95  feet;  gravel 

J.  Henderson 

6 

J.D. 

10  feet. 

Near  east  Munuscong 
River,    8   feet   higher 

well  and  150  yards  dis- 
tant. Clay  to  gravel 
at  bottom. 

C.  Pennington 

44  N. 

IE. 

33 

J.D. 

1897 

635 

92  '    2 

-10 

Well  entered  gravel  8 
feet. 

I.  McDonald 

Pickfo 

d 

J.D. 

1901 

635 

130       2 

-  4 

Red  day  115  feet;  gravel 
15  feet.  Supplies  en- 
gine in  planing  mill. 

J.  nUI's  store 

Sterlin 

^Ule  . . 

635 

125  1    3 

-10 

Mainly  bluish  gray 
"putty  sand."  Dug 
27  feet;  driven  3-inch 
pipe  below. 

o  J.  D.  ■=•  Judson  Daley,  driller,  Pickford.    O. 
b  Altitudes  are  barometric. 
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BUDTABJ^YIBXa  DX8TBZ0T. 

This  flowing-well  district  is  located  in  the  drainage  basin  of  Pine  River  and  the  extreme 
headwaters  of  the  west  branch  of  Munuscong  River.  It  occupies  about  60  square  miles 
in  Tps.  43, 44,  and  45  N.,  Rs.  2, 3,  and  4  W.  The  Soo  Line  Railroad  traverses  it  from  a  point 
2  miles  northeast  of  Rudyard  westward  to  a  point  2  miles  west  of  Fiber.  At  the  time  of 
the  investigation,  in  the  autumn  of  1905,  there  were  66  flowing  wells.  They  are  obtained 
on  the  general  level  of  the  plain,  and  not,  as  in  the  Pickford  district,  confined  to  the  stream 
borders.  The  general  elevation  of  the  plain  is  about  690  feet,  or  higher  than  the  head  of 
any  of  the  wells  in  the  Pickford  district. 

The  wells  show  greater  head  in  the  northern  and  western  parts  of  the  district  than  in  the 
southern  and  eastern  parts,  thus  indicating  that  the  catchment  area  is  on  the  north  and 
west.  There  is  a  range  of  high  limestone  hills  south  of  the  eastern  portion  of  the  area  which 
apparently  serves  as  the  catchment  area  for  the  Pickford  district  but  not  for  the  Rudyard- 
Fiber  district,  there  being  a  decided  falling  off  in  head  in  passing  southward  toward  this 
limestone  ridge  in  the  latter  district.  There  are  sandy  tracts  on  the  northern  and  western 
borders  of  this  district,  while  an  elevated  limestone  tract  lies  southwest  of  it.  Both  the 
sand  and  the  limestone  are  readily  absorbent,  and  likely  to  be  sources  of  supply  for  the 
flowing-well  district. 

In  the  flowing-well  district  there  is  a  heavy  coating  of  red  laminated  clay  nearly  free  from 
pebbles,  which,  like  that  in  the  Pickford  district,  appears  to  have  been  deposited  in  the 
Glacial  Lake  Algonquin.  This  clay  is  underlain  by  a  sandy  slush,  which  in  turn  rests  upon 
gravel.  Wells  are  usually  driven  through  the  slush,  but  if  screens  are  used  flows  of  consid- 
erable strength  may  be  obtained  in  it.    Without  the  use  of  screens  the  wells  soon  become 


The  water  contains  a  small  amount  of  iron  and  is  moderately  hard,  though  in  most  < 
suitable  for  boiler  use.    In  a  few  cases  it  is  sulphurous. 

It  will  be  observed  by  reference  to  the  table  that  the  wells  differ  greatly  in  rate  of  flow. 
This  difference  is  in  part  attributable  to  the  texture  of  the  water-bearing  bed,  the  slower 
flow  being  obtained  in  sand  and  the  more  rapid  flow  in  gravel. 

The  temperature  is  about  45°  F.  in  wells  that  are  not  greatly  affected  by  surface  influences. 
In  one  case  a  well  flows  so  slowly  that  the  stream  freezes  in  the  coldest  weather,  and  rises 
about  10°  above  its  normal  temperature  in  the  hottest;  but  in  wells  of  rapid  flow  there 
appears  to  be  only  a  fraction  of  a  degree  variation  in  temperature  in  the  course  oi  the  year. 
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Red  clay  204  feet,  black  clay  20  feet,  gray  quicksand  53  feet,  gravel 
Ifoot. 

Red  clay  240  feet,  dark  sandy  slush  40  feet,  travel  5  feet.    Dis- 
tance from  Fountain  House  well  about  200  leet. 

Head  not  determined. 

Soft  water  with  no  iron  stain.    Well  estimated  to  flow  more  than 
a  barrel  a  minute.    Red  clay  with  some  pebbles  90  feet,  blue 
sand  30  feet,  gravel  5  f<^t. 

The  deeper  borings  were  failures,  as  no  gravel  bed  was  found, 
and  rate  of  flow  from  sand  was  very  slow.    Distance  from  125- 
foot  well  500  to  600  feet. 

Well  was  one-fourth  mile  east  of  the  others  and  flowed  a  strong 
stream.     Pipe  was  pulled  when  the  125-foot  well  was  obtainecT 
that  being  nearer  the  residence. 

Red  clay  140  feet.    Sand  to  cemented  crust  at  bottom.     Flows 
from  pipe  5  feet  al)Ove  ground. 

1  Flows  about  1  gallon  an  hour.     Penetrated  hard  clay  45  feet,  soft 
clay  35  feet,  gray  quicksand  20  feet.     Freerx»s  in  coldest  weather. 

(Freezes  in  coldest  weather.    Section  and  rate  of  flow  similar  to 
j    preceding. 

Red  clay  pebbly  in  lower  part,  gravel  at  bottom.    Weak  well. 
Red  clay  85  feet,  sand  25  feet,  gravel  8  feet.    Slight  iron  sUin. 
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About  2  miles  northeast  of  Rudyard  there  is  a  tract  of  land  whose  altitude  is  715  to  /30 
feet,  cr  about  90  to  45  feet  above  Rudyard  station.  The  red  clay  is  comparatively  thin 
on  this  prominent  tract,  and  wells  are  obtained  in  gravelly  sand  at  depths  of  28  to  42  feet. 
In  three  of  the  wells  on  ground  about  715  feet  above  tide  the  water  st&nds  only  6  fe^t 
below  the  surface.  One  of  these,  at  the  residence  of  J.  C.  Sass,  will  stand  pumping  2  bai- 
rels  in  seven  minutes  without  lowering,  though  it  has  only  a  3-inch  pipe.  The  source  of 
supply  for  these  wells  is  probably  to  the  north  in  the  higher  land,  which  is  loose  textured 
and  free  from  the  capping  of  red  clay. 

btkovovuls. 

Several  deep  wells  near  Strongville,  2  to  3  miles  south  of  the  eastern  part  of  the  Rudyard- 
Fiber  flowing-well  district,  on  ground  10  to  20  feet  lower  than  the  flowing  wells,  have  a 
water  level  several  feet  below  the  surface,  as  indicated  in  the  table  below.  As  already 
stated,  the  passage  of  underground  water  api>ears  to  be  from  north  to  south,  and  this  natu- 
rally results  in  the  decrease  of  head  here  displayed. 

WeUft  near  StrongviUe  {T.  44.  N.^  R.  2  W.)  with  strong  hydrostatic  pressure. 


Owner. 

Location. 

Alti- 
tude.a 

Depth. 

Head. 

Remarka. 

L.  R.  Adamson 

Georee  Potts 

Sec.  21 . . 

Sec.  26.. 
Sec.  28.. 

Sec.  22.. 

Feet. 
670 

670 
670 

670 

Feet. 
147 

120 
144 

67 

Feet. 
-12 

-20 
-16 

-20 

Red  clay  130  feet,  black  sandy  slush  15  feet, 
gravel  2  feet.    Strong  well  with  3-inch 
pipe  in  lower  part,  but  dug  4  feet  square 
to  depth  of  37  feet. 

M.  KnauX 

Similar  to   Adamson   well,   bat  not   so 

D.  Perry 

strong. 
Weak  well. 

a  Altitudes  are  barometric. 


EXSS80V. 


There  are  nine  flowing  wells  at  Emerson,  on  the  shore  of  Whiteflsh  Bay,  all  on  the  prop- 
erty of  the  Cheesbrough  Lumber  Company.  They  range  in  depth  from  116  to  123  feet. 
Id  each  well  a  5-inch  hole  was  made  and  cleaned  out,  then  a  IJ-inch  pipe  inserted.  The 
wells  passed  through  17  feet  of  sand  and  then  90  to  95  feet  of  blue  clay  to  sand  at  bottom. 
The  clay  is  said  to  be  laminated  and  pebbleless  and  is  apparently  a  lacustral  rather  than  a 
glacial  deposit.  The  rate  of  flow  ranges  from  less  than  a  pint  a  minute  in  the  weakest  to 
H  gallons  a  minute  in  the  strongest  wells.  The  escape  pipes  are  from  five-sixteenths  to 
three-eighths  inch  in  diameter,  and  the  water  will  rise  to  a  height  of  5  or  6  feet  above  the 
level  of  Lake  Superior.  It  carries  a  small  amount  of  iron,  but  appears  to  have  very  little 
lime,  as  is  natural,  in  view  of  the  fact  that  this  well  district  is  north  of  the  limestone  forma- 
tions. The  temperature  ranges  from  44°  to  49°  F  in  the  different  wells.  These  wells  are 
distributed  over  a  space  of  about  half  a  section  and  the  area  of  flows  might  perhaps  be 
extended  2  or'^  miles  along  the  shore  of  the  bay. 

TAHaUAXBKOir  DI8T&I0T. 

Occurrence. — The  Tahquamenon  district  embraces  several  groups  of  flowing  wells  dis^ 
tributed  along  the  southern  border  of  a  large  swamp  traversed  by  the  east  and  west 
branches  of  Tahquamenon  River  in  western  Chippewa  and  southern  Luce  counties.  Flows 
have  been  obtained  at  Strong  and  Eckerman,  and  near  Soo  Junction,  Newberry,  and  Dol- 
larville,  and  can  probably  be  obtained  along  the  swamp  between  these  stations.  This 
district,  like  the  Pickford  and  Rudyard-Fiber  districts,  lies  in  the  lowland  underlain  by 
the  "Lorraine"  (Hudson)  and  "Utica"  formations,  in  a  belt  of  thick  drift.  There 
is  no  heavy  and  continuous  deposit  of  laminated  clay  here  as  in  the  other  two  districts 
mentioned.    Instead  the  wells  often  penetrate  a  large  amount  of  fine  sand  and,  in  some 
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cases,  scarcely  any  clay.  Located,  as  this  district  is,  in  a  trough-like  lowland,,  it  seems 
to  afford  favorable  conditions  for  receiving  water  both  from  the  south  and  north.  On  the 
south  is  a  morainic  belt  witb  pervious  drift,  largely  of  sandy  gravel,  which  will  readUy 
absorb  water  to  supply  the  low  tract  where  the  wells  are  found.  On  tbe  north  also  is  a 
moraine  of  loose-textured  drift,  under  which  the  rocks  dip  southward  4MB«ath  this  swamp. 
The  altitude  of  the  wells  ranges  from  about  725  feet  at  DolIarviUe  andyainta  farther  east, 
near  Tahquamenon  River,  to  nearly  850  feet  at  Strong.  The  wells  of  UglHdtitude  are  along 
the  east  branch  of  Tahquamenon  River,  a  stream  that  descends  rupi^j  westward,  but 
the  wells  of  low  altitude  are  along  the  west  branch,  a  sluggish  stream  flowing  eastward. 
It  is  probable  that  the  underground  drainage  of  the  oast  fork  leads  westward,  conforming 
to  the  slope  of  the  surface,  and  this  may  be  a  leading  cause  for  the  westward  decline  in 
head.  The  head  declines  northward  toward  the  west  fork^  from  the  southern  moraine  a 
distance  of  from  1  to  3  miles,  but  it  can  scarcely  be  expected  to  continue  farther  north, 
in  view  of  the  northward  rise  of  both  the  drift  surface  and  the  underlying  rock  formations. 
The  water  is  of  fair  quality  for  boiler  use,  though  moderately  hard.  It  contains  a  small 
amount  of  iron. 

Strong. — At  Strong,  in  western  Chippewa  County,  are  two  flowing  wells,  one  at  Turner's 
mill  and  one  at  the  boarding  house,  both  driven  in  1899  by  James  Somerville.  The  alti- 
tude of  the  mill  well  is  about  840  feet  and  that  of  the  boarding-house  well  845  feet.  The 
mill  well  was  driven  to  rock  at  220  feet,  but  the  pipe  was  pulled  back  to  185  feet  because 
of  a  flow  of  water  from  the  sand  bed  at  that  depth.  The  well  passed  through  clay  to  this 
water-bearing  sand.  The  flow  is  only  a  quart  a  minute  from  a  2-inch  pipe  and  the  tem- 
perature is  45.8°  F. 

The  boarding-house  well  is  203  feet  in  depth  and  discharges  about  2  gallons  a  minute  from 
a  2-inch  pipe.  Part  of  the  water  is  piped  to  the  mill.  It  has  a  temperature  of  46°  F. 
After  passing  through  7  feet  of  surface  sand,  the  well  penetrated  168  feet  of  clay  that 
changed  in  color  from  red  to  gray  toward  the  bottom.  Beneath  this  clay  was  10  feet  of 
gravelly  hardpan,  then  16  feet  of  quicksand,  followed  by  a  hard  crust  2  feet  thick,  under 
which  a  flow  of  water  was  struck. 

Eekerman. — At  Ek^kerman  three  shallow  flowing  wells  have  been  obtained  at  about  the 
level  of  the  railroad  station,  or  800  feet  above  tide.  They  are  at  the  base  of  the  moraine 
that  passes  Eekerman  on  the  south  and  are  probably  supplied  from  it.  The  well  at  Geoige 
Johnson's  hotel,  made  in  1896,  is  47  feet  in  depth,  3  inches  in  diameter,  and  dischai^ges  6 
quarts  a  minute  through  a  half-inch  pipe  about  5  feet  above  the  surface,  or  808  feet  above 
tide.  The  flow  at  first  was  2  gallons  a  minute.  The  temperature  of  the  water  is  44.2^  F. 
The  well  penetrated  reddish  till  for  40  feet  and  sand  for  7  feet. 

A  flowing  well  at  Lake's  livery  stable  is  35  feet  deep  and  flows  2  quarts  a  minute,  the 
water  having  a  temperature  of  44.8°  F. 

At  the  dwelling  now  used  as  the  post-office,  just  east  of  the  railroad  depot,  is  a  35-foot  well, 
which  penetrated  15  feet  of  sand  before  entering  clay,  and  terminaCi&d  at  the  bottom  of 
the  clay  bed.  Although  the  water  overflowed,  a  pump  is  now  used,  and  the  temperature 
by  pumping  is  44.8°  F. 

Soo  Junction. — A  flowing  well  172  feet  deep  and  3  inches-  in  diameter  was  made  in  1893 
by  James  Somerville  on  the  White  and  France  property  north  of  Soo  Junction,  on  tiie 
north  side  of  Tahquamenon  River  at  an  altitude  of  about  720  feet  above  tide.  It  was 
largely  through  a  "putty  clay,"  but  there  was  a  thin  bed  of  gravel  resting  on  the  rock. 
The  head  was  8  feet  above  the  surface  when  drilled.  This  well  was  not  visited  In'  the 
writer  and  its  present  condition  was  not  ascertained. 

Newberry. — There  have  been  several  shallow  flowing  wells  at  Newberry,  on  the  low 
ground  in  the  northwestern  part  of  the  village.  These  are  now  drained  by  deeper  wells 
at  the  furnace  and  chemical  works.  The  shallow  wells  pass  through  a  thin  bed  of 
clay  6  to  18  feet,  beneath  which  is  a  fine  sand  that  changes  to  coarser  at  a  depth  of  about 
30  feet.  The  flows  are  of  moderate  strength,  one  being  as  high  as  3  gallons  a  minute. 
The  altitudes  are  755  to  760  feet. 
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The  well  at  the  furnace,  at  an  altitude  of  760  feet,  is  80  feet  deep,  and  flows  if  pumping 
is  discontinued  for  a  few  hours. 

At  the  chemical  works,  100  yards  north  of  the  furnace,  are  ten  wells  with  depths  ranging 
from  80  to  108  feet,  all  6  inches  in  diameter.  The  first  well  was  put  down  128  feet  and 
entered  a  hard  material,  possibly  bed  rock,  for  %iew  inches.  The  pipe  was  then  pulled 
back  to  about  100  feet.  All  these  wells  will  flow  after  a  brief  intermission  from  pumping. 
The  water  is  suflSciently  hard  to  form  a  coating  of  lime  on  the  stills.  It  is  struck  at  about 
20  feet  from  the  surface  in  fine  sand  under  a  clay  bed.  The  sand  increases  in  coarseness 
below^  and  for  this  reason  the  wells  are  extended  to  the  depths  named.  The  amount  of 
water  obtained  seems  unlimited.  No  temperature  observations  were  taken,  since  the 
water  is  carried  soiye  distance  through  surface  pipes  before  discharging. 

At  Harris's  celery  farm,  in  the  northeastern  part  of  Newberry,  is  a  driven  well  60  feet 
in  depth,^  which  formerly  flowed,  but  now  has  a  pump  atta(;hed,  the  water  scarcely  rising 
to  the  surface.  Near  this  well,  at  a  railroad  section  house,  is  a  well  765  feet  above  tide, 
which  has  flowed,  but  is  now  pumped.  It  was  sunk  in  1889  to  a  depth  of  54  feet..  The 
temperature  of  the  water  is  45°  F. 

On  the  Rybei^  farm,  about  half  a  mile  east  of  the  wells  just  mentioned  and  at  the  same 
altitude,  is  a  well  142  feet  deep  which  is  still  flowing  3)  feet  above  the  surface,  dischaipng 
3  pints  a  minute.    The  temperature  is  45°  F. 

The  public  supply  of  the  village  of  Newberry  is  from  three  6-inch  wells  110  feet  in  depth, 
which  have  a  head  of  about  10  feet,  the  ground  being  about  15  feet  above  the  level  of  the 
railroad  station,  or  780  feet  above  tide.  The  wells  are  through  sand  to  a  depth  of  90  feet, 
where  a  bed  of  gravel  is  struck  which  furnishes  an  unlimited  supply  of  water.  It  is  of 
moderate  hardness  and  carries  but  little  iron. 

DoQarviUe. — ^The  Danaher  Lumber  Company  has  three  flowing  wells  at  the  village  of 
Dollarville,  2  miles  west  of  Newberry,  one  of  which  has  a  flow  of  10  gallons  a  minute;  the 
other  two  are  much  weaker.  There  is  a  fourth  well  with  water  near  the  surface,  but  it 
has  a  pump  attached.  The  strong  well  is  located  about  200  yards  east  of  the  railroad 
station  at  an  altitude  of  about  725  feet  above  tide.  It  is  thought  to  be  95  feet  in  depth 
and  is  3  inches  in  diameter  with  a  1-inch  discharge  pipe.  The  water  supplies  several  fami- 
lies and  is  piped  to  a  livery  bam.  It  has  a  slight  iron  taste  and  is  moderately  hard.  The 
temperature  is  45°  F.  A  well  about  300  yards  farther  east  flows  3  quarts  a  minute  and 
has  a  temperature  of  46°  F.  The  water  carries  considerable  iron  and  stains  boards  and 
other  objects  over  which  it  flows.  The  well  is  thought  to  be  about  130  feet  deep  and 
appears  to  have  struck  rock  at  the  bottom.  Another  well,  now  plugged,  also  appears  to 
have  reached  rock  at  120  feet;  its  water  tastes  of  sulphur,  which  seems  to  indicate  that  it 
may  be  supplied  in  part  from  the  rock.  All  the  wells  penetrate  a  bed  of  clay  above  the 
water  bed. 

South  of  Dollarville. — In  a  recess  of  the  moraine  2  or  3  miles  south  of  Dollarville  are 
flowing  wells  at  an  altitude  15  to  20  feet  higher  than  those  in  the  village,  or  about  740  feet 
above  tide.  A  prominent  ridge  stands  between  these  wells  and  the  village  of  Dollarville. 
The  first  well  of  this  group  was  dug  in  1889  on  the  John  Carlson  estate  in  the  west  part  of 
sec.  9,  T.  45  N.,  R.  10  W.  It  was  through  red  clay  nearly  to  the  bottom,  ending  in  sandy 
slush  at  a  depth  of  102  feet.  The  water  barely  rises  to  the  top  of  the  well,  so  a  pump  is 
now  attached.  About  one-fourth  mile  east  of  this  well  and  on  slightly  lower  ground  John 
Hunter  has  a  strong  flowing  well  103  feet  deep,  which  penetrated  only  40  feet  of  red  clay 
and  was  then  in  sandy  slush  to  a  gravel  bed  at  the  bottom.  The  water  in  this  well  rises, 
at  least  11  feet  above  the  surface,  or  to  fully  750  feet  above  tide.  It  once  discharged  a  full 
stream  from  an  inch  pipe  at  an  estimated  rate  of  20  gallons  a  minute,  but  now  burst  up 
around  the  pipe,  thus  lessening  the  discharge  through  the  latter.  The  water  is  hard  and 
carries  a  little  iron.  The  temperature  is  45  F°.  There  are  several  strong  boiling  springs 
near  this  well.  About  one-half  mile  southeast  of  the  Hunter  well,  in  the  southwestern 
part  of  section  10,  is  a  flowing  well  103  feet  deep  on  the  farm  of  A.  Pentland.  It  discharges 
2  quarts  a  minute,  with  a  temperature  of  45.5°  F.    It  was  largely  through  red  clay  to  sand 
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at  90  feet.  In  the  northwestern  part  of  section  11,  on  the  farm  of  John  Peterson,  is  a  flow- 
ing well  53  feet  deep  which  yields  a  gallon  a  minute,  the  temperature  being  45^  F.  This 
well  was  mainly  through  red  clay  to  sandy  slush  at  bottom,  in  which  the  pipe  is  suspended. 
If  unsupported  the  pipe  would  sink  several  feet  into  the  slush.  About  300  yards  east  of 
the  Peterson  well,  in  the  southwestern  ptrt  of  section  2,  on  the  farm  of  John  Swanson,  is 
^  flowing  well  84  feet  in  depth.  The  al^mde  appears  to  be  about  10  feet  higher  than  that 
of  the  other  flowing  wells  of  this  group,  or  750  feet,  and  the  head  is  only  2  feet  above  the 
surface,  so  a  siphon  is  used  to  carry  the  water  into  a  tub.  This  well  passed  through  sand 
for  its  entire  depth.  A  3-inch  hole  was  made,  but  the  pipe  is  only  1|  inches.  The  flow  is 
3  quarts  a  minute  and  the  temperature  45°  F.  Near  this  well,  along  a  small  stream, 
are  boiling  springs  covering  an  area  several  yards  square,  which  probably  have  a  similar 
source  with  the  wells.  Other  strong  boiling  springs  occur  one-half  milS  south  on  the  bor- 
ders of  a  lake. 

The  flowing  welb  near  DoUarville  are  the  westernmost  yet  developed,  but  it  is  probable 
that  flows  can  be  obtained  along  the  swamp  westward  across  the  divide  between  the  Tah- 
quamenon  and  Manistique  drainage  basins,  and  possibly  throughout  the  southern  part  of 
the  great  swamp  drained  by  Manistique  River.  The  latter  swamp  is  uninhabited  and  is 
so  flooded  with  surface  water  that  there  is  no  occasion  to  test  for  flowing  wells.  The  vil- 
lage of  Qermfask,  which  stands  near  the  southeastern  edge  of  the  swamp,  may.  however, 
find  it  worth  while  to  test  for  such  wells. 

IBOULTED  WXIXB  IH  BASXITB. 

It  is  probable  that  flowing  wells  may  be  obtained  in  small  basins  on  the  borders  of  lakes 
or  in  swamps. 

SheUdrake. — One  such  well  is  reported  to  have  been  obtained  in  a  swamp  west  of  Shell- 
drake,  in  Chippewa  County,  at  a  lumber  camp  in  sec.  28,  T.  49  N.,  R.  7  W.  It  is  only  16 
feet  deep  and  apparently  passed  through  nothing  but  swamp  muck  to  the  sand  bed  that 
yields  the  flow.  The  swamp  is  surrounded  by  sand  ridges  rising  20  U)  30  feet  above  it, 
and  they  probably  serve  as  a  catchment  area  and  furnish  the  head. 

Helmer. — Another  isolated  flowing  well  is  at  Helmer  post-office  at  the  east  end  of  Manis- 
tique Lake,  in  the  southwestern  part  of  Luce  County.  The  depth  is  70  feet,  and  water  is 
from  gravel  below  clay.  The  head  is  at  least  8  feet,  or  about  15  feet  above  Manistique 
Lake  and  715  feet  above  tide.  The  water  is  piped  into  the  hotel  owned  by  Mr.  Helmer. 
The  natural  rate  of  flow  could  not  be  determined,  because  a  stone  had  become  lodged  at 
the  bottom  of  the  pipe,  greatly  obstructing  the  discharge.  The  temperature  is  46**  F. 
This  lake  is  in  a  basin  in  a  morainic  belt,  and  it  is  probable  that  flowing  welib  'an  be  obtained 

at  other  points  on  the  shore. 

OVTOVAOON  COTJNTT.a 

A  flowing  well  355  feet  in  depth  was  made  by  Mr.  Geismar  in  1893  near  Ewen,  Ontona- 
gon County,  in  sec.  21,  T.  48  N.,  R.  39  W.  It  is  at  about  the  same  altitude  as  Ewen  sta- 
tion— 1,134  feet.  It  penetrated  a  pebbleless,  gritless  red  clay  for  125  feet,  under  which 
was  found  a  gravel  bed  13  feet  thick,  yielding  a  weak  flow.  A  sandy  clay  slush  was  then 
struck,  which  extended  to  354  feet,  where  gravel  with  a  strong  flow  of  water  was  found. 
The  well  discharged  a  full  1-inch  stream  16  feet  above  the  surface.  ■  The  well  is  remark- 
able because  of  great  variations  in  the  temperature  of  the  water.  In  the  winter  months 
this  is  about  44°  F.,  but  in  the  spring,  about  the  time  of  the  snow  melting,  a  lowering  of 
temperature  is  noted,  which  continues  till  about  June  1,  when  it  reaches  38**  F.  This  low 
temperature  continues  well  into  the  summer  before  a  rise  begins.  Mr.  Geismar  refers  the 
low  temperature  to  the  access  of  snow  water  to  the  bed  of  gravel  from  which  the  well  flows. 

There  arc  three  flowing  wells  at  Ewen,  belonging  to  the  village,  with  depths  of  208  to 
224  feet.  They  penetrated  red  clay  to  the  water-bearing  gravel  at  the  bottom.  Beneath 
the  gravel  is  a  reddish  rock,  thought  by  the  drillers  to  be  granite.  The  wells  flow  with 
considerable  strength. 

apata  furnished  by  Saperintendent  Leo  Geismar,  of  the  State  experimental  larm  at  Chatham,  Ifticlu 
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FLOWS  FROM  ROCK. 
HOETHIBir  BOBDXB  07  JJLXE  MIOSXaAJT. 

Occurrence. — Flowing  welb  have  been  obtained  at  several  points  near  the  Lake  Michi- 
gan shore  from  St.  Ignace  westward  to  Manistiquo,  and  at  various  depths.  So  far  as  ascer- 
tained they  are  all  from  the  rock,  and  there  appftr  to  bo  two  or  more  horizons  from  which 
flows  are  obtainable.  Part  of  the  data  concerning  these  flows  are  from  the  annual  reports 
of  the  State  geologist  for  1901  and  1903,  and  the  only  interpretations  as  to  geologic  hori- 
zons are  those  presented  by  him.  As  already  stated,  the  present  writer  had  no  opportu- 
nity to  examine  samples  of  well  drillings  nor  to  get  accui*ate  data  on  the  formations  pene- 
trated. The  flowing  wells  now  obtained  range  in  altitude  from  near  lake  level  up  to 
about  100  feet  above,  or  from  600  feet  or  less  up  to  about  680  feet  above  tide.  It  is  not 
certain,  however,  that  wells  may  generally  be  expected  to  flow  to  levek  100  feet  above  the 
lake.  More  likely  the  upper  limit  will  be  found  to  be  generally  within  50  feet  above  lake 
level.  This  opinion  is  based  on  the  fact  that  some  of  the  wells  near  lake  level,  such  as  those 
at  Manistique,  have  not  sufficient  pressure  to  rise  50  feet  above  the  lake. 

St.  Ignace. — Two  deep  flowing  wells  have  been  made  in  the  vicinity  of  St.  Ignaoe  at  an 
altitude  of  20  feet  above  the  lake,  or  600  feet  above  tide,  the  first  in  1887  and  the  second 
in  1901.  In  the  first  the  Monroe  beds  extend  down  to  about  500  feet  and  yield  a  small 
amout  of  bitt«r  salt  water.  The  Niagara  and  "Clinton"  limestones  extend  400  feet  far- 
ther down,  the  Medina  (?)  sandstone  being  struck  at  900  feet  and  penetrated  19  feet.  In 
the  second  well,  located  about  2  miles  north  of  the  old  one,  in  sec.  31,  T.  41  N.,  R.  3  W., 
the  Niagara  is  reached  at  400  feet  and  supplies  a  flow  of  water  from  a  depth  of  575  to  681 
feet  and  more  at  1,040  feet.  This  well  was  stopped  at  1,155  feet.  The  temperature  of 
the  flow  was  found  to  be  51°  F.,  or  about  6°  above  the  temperature  of  shallow  flowing 
wells,  though  2°  less  than  in  wells  of  similar  depth  at  Cheboygan  and  Alpena. 

Engadine. — A  strong  flowing  well  was  made  in  1905  on  the  farm  of  Peter  Praten  north 
of  Engadine,  in  sec.  4,  T.  43  N.,  R.  10  W.,  at  the  altitude  of  Engadine  station  (674  feet). 
It  is  only  60  feet  deep,  but  enters  limestone  for  some  distance.  At  the  village  cf  Engadine 
are  two  deeper  wells,  one  of  which,  206  feet  deep,  had  a  weak  flow,  and  the  other,  146  feet 
deep,  had  water  nearly  level  with  the  surface.  The  deeper  of  these  two  was  made  by  the 
lumber  company  in  July,  1905,  and  flowed  for  a  month  or  more,  but  became  clogged  with 
sand.  The  other,  located  at  the  mill,  has  never  flowed.  The  sand  is  thought  to  work 
down  into  crevices  in  the  limestone  outside  the  pipe  in  the  deeper  well,  thus  choking  it. 

DeueU  Lake. — The  Simmons  Lumber  Company  has  an  intermittent  flowing  well  on  the 
shore  of  Deucls  Lake,  about  10  miles  southwest  of  Engadine,  in  sec.  23,  T.  42  N.,  R.  11  W. 
The  well  is  106  feet  in  depth  and  is  in  limestone  from  a  depth  near  the  surface.  The  water 
rises  3  feet  above  the  surface  in  the  spring  and  early  summer,  but  in  the  fall  it  drops  below 
the  surface,  apparently  on  account  of  drought.  The  altitude  is  estimated  to  be  scarcely 
50  feet  above  Lake  Michigan,  and  the  well  is  less  than  2  miles  from  that  lake.  It  is  prob- 
able that  similar  flows  can  be  obtained  along  the  shore  of  Deuels  Lake  at  other  points. 
Possibly  a  deeper  well  might  obtain  water  with  sufficient  head  to  flow  through  the  dry 
season. 

Hunt  Spur. — A  well  was  made  about  1890  by  the  Michigan  Cedar  Company  at  Hunt 
Spur,  on  the  Soo  Line  Railroad,  near  the  western  border  of  Mackinac  County,  which  dis- 
charged a  stream  with  sufficient  force  to  throw  a  jet  20  feet  in  the  air.  A  hose  was  attached, 
and  the  flow  was  used  in  cleaning  off  logs.  No  data  were  obtained  concerning  the  depth, 
but  it  is  thought  not  to  exceed  200  feet.  The  altitude  of  the  well  mouth  is  684  feet,  and 
the  well  is  in  limestone  from  a  depth  near  the  surface.  Another  well  at  a  barn  of  the  same 
company  has  a  weaker  flow. 

Manistique. — There  are  several  flowing  wells  in  Manistique  with  depths  between  200 
and  300  feet  and  one  (at  the  Hiawatha  Hotel)  with  a  depth  of  800  feet.  The  shallower 
wells  have  a  head  in  some  cases  about  16  feet  above  the  surface,  or  630  feet  above  tide, 
while  the  deep  well  at  the  Hiawatha  Hotel  is  said  to  have  a  head  30  or  40  feet  above  the 
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surface,  or  about  650  feet  above  tide.  The  State  geologist  in  the  report  for  1903  interprets 
the  horizon  of  the  deep  flow  to  be  Trenton,  and  of  all  the  others  to  be  Niagara.  The  tem- 
perature of  the  shallower  wells  is  45°  to  46°  F.,  as  noted  by  both  the  State  geologist  and 
the  writer. 

Several  of  the  flowing  wells  are  furnished  with  fire  hydrants  and  are  drawn  on  in  case  of 
fire,  the  yield  by  pumping  being  sufiicient  to  supply  all  the  water  needed.a 

SHORE  OP  BIO  BAY  DE  KOO. 

Garden  Peninsula. — On  the  western  side  of  Garden  Peninsula,  at  Vans  Harbor  and  Gar- 
den village,  strong  flowing  wells  have  been  obtained,  concerning  which  the  following  data 
were  furnished  by  the  driller,  George  W.  Gray,  of  Cooks  Mill,  Mich.: 

Flowing  weUs  on  Garden  PeninsuUi, 


Owner. 

When 
made. 

Alti- 
tude. 

Depth. 

Feet. 
233 

175 
199 

195 

220 
104 

Diam- 
eter. 

Inchet. 
5 

5 

Flow 
mimite. 

Head. 

Remarkn. 

L.  Van  Winkle 

W.  Stillwagen 

1905 
1902 

1903 

1902 

1903 
1905 

Feet. 
590 

502 

588 

503 

505 
588 

GO 
40 

30 
25 

Feet. 
+  18 

+16 
+18 

+  6 

The  only  flow  at  Vans  Har- 
bor. Cased  40  feet;  linu>^ 
stone  at  18  feet  under 
bowldery  clay. 

First  flow  at  107  feet; 
stronger  flow  at  173  feet. 
Used  for  fish  pond  and 
house. 

Two  water  beds,  as  in  pre- 
ceding well.  Limestone 
under  bowldery  clav  at  20 
feet.  Cased  38  feet  and  at 
a  leakage  at  60  feet. 

Limestone  under  red  clay 

Bondreau  &  Disco 

Garden  village: 

No.l 

No.  2      

and  sand  at  14  feet.  Cased 
S2  feet.  Flow  weaker 
than  25  gallons  July  to 
October  and  Januarv  to 
April. 

Now  plugged  because  it 
dcained  well  No.  1.  but 
water  comes  up  around 
pipe.    Main   flow   at    193 

Drift,  very  bow^^cry  at  12 

No.3 

5 

8 

feet. 

The  decrease  in  the  flow  of  the  village  well  No.  1  seems  referable  to  drought  in  the  late 
summer  and  the  frozen  condition  of  the  ground  in  the  winter.  The  second  village  well, 
although  on  slightly  higher  ground,  apparently  has  an  advantage  over  the  first  by  drawing 
water  from  a  lower  depth. 

Conditions  seem  very  favorable  for  obtaining  flowing  wells  along  the  Lake  Michigan 
slope  of  the  Garden  Peninsula,  but  no  instances  of  the  occurrence  of  such  weDs  came  to 
the  writer's  notice.  The  shore  rises  gradually  back. from  the  lake  and  the  flowing-well  belt 
should  extend  a  mile  or  more  inland. 

Nahma. — At  Nahma,  on  the  western  side  of  Big  Bay  de  Noc,  opposite  Garden,  are  two 
flowing  wells  made  by  the  Big  Bay  de  Noc  Lumber  Company.  One  sunk  in  1883  is  133  feet 
deep,  2  inches  in  diameter,  and  flows  scarcely  a  gallon  a  minute.  It  ends  in  limestone. 
Another  sunk  in  1895  is  80  feet  deep,  4  inches  in  diameter,  and  will  fill  a  barrel  in  about  five 
minutes.     It  does  not  enter  rock. 

Probably  flowing  wells  are  obtainable  at  moderate  depths  both  along  the  shore  of  the 
bay  and  up  the  Sturgeon  River  Valley,  but  no  others  have  come  to  the  writer's  notice. 


a  The  city  is  now  (1905)  building  a  waterworlcs  plant  which  will  obtain  water  from  Indian  Lake, 
which  lies  about  3  miles  to  the  northwest. 
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Bajjid  River. — In  the  village  of  Rapid  River,  at  the  head  of  Little  Bay  de  Noc,  several 
flowing  wells  are  in  operation  and  two  flows  have  been  obtained  in  test  wells  for  oil  several 
miles  north  of  the  village,  which  show  a  possible  extension  of  the  district  in  that  direction. 
It  is  probable  that  flowing  wells  may  be  obtained  along  the  entire  western  side  of  the  bay 
on  ground  below  the  600-foot  contour,  and  in  places  at  higher  altitudes,  as  in  the  Hendricks 
boring  noted  below. 

Flowing  weUa  ai  Rapid  River. 


Owner. 

^^^^on.                    ^ 

tude,  ;^P*^- 

^7      Tern- 

A.  Conner 

East  of  Main  street 

1895 
1807 
1807 
1808 
1003 

Feet. 
588 
586 
588 
500 
saa 

Feet. 
270 
258 
273 
276 
273 
273 

OalU. 
0.75 
2.00 
4.00 
1.5 
2.0 
6.0 

46.8 

n.  W.Coles 

do 

45.0 

VillRgp  No.  1 . 

Mii^n  fft»wt , 

45.5 

vnif^gpiNA  ? 

West  of  Main  street 

45.5 

TiT.  A.  miHF 

do 

45.5 

A.  Schalble 

do 

1 
1004    ;        588 

1800            500 

45.2 

A.  Bodah        

North  part  of  town 

Mrs.  J.  Fiah 

Half  mile  west 

1807    <        503  .        273 

School  well 

MasonvlUe 

1005            500 

- 

The  wells  at  Masonville,  which  are  located  a  mile  southwest  of  Rapid  River,  and  the 
Fish  and  Bodah  wells  in  Rapid  River,  were  not  visited.  The  head  was  not  determined 
in  any  of  the  wells,  though  it  is  known  to  exceed  8  feet,  some  of  the  wells  having  been  car- 
ried to  that  height  without  reaching  the  full  limit. 

The  two  oil-well  borings,  7  miles  north  of  Rapid  River,  in  sec.  34,  T.  42  N.,  R.  21  W., 
were  each  drilled  to  a  depth  of  800  feet  or  more.  Samples  inspected  by  the  State  geologist 
form  the  basis  for  the  following  interpretation  of  the  strata  penetrated: 

Hypothetical  log  of  Rapid  River  oil  well. 


Swamp,  peat,  and  muck. 
Marl 


Trenton  limestone  with  geodes 

St.  Peter  (T)  --..••--  -  -  •  • .; Iwlth  strong  flow  of  water,  temperature  47.3»  F . 

Undifferentiated  "CalciferouB"| 

Potsdam  sandstone  (white) 

Potsdam  sandstone  (red) 

Feidspathlc  sandstone  ( Potsdam) 

Mlcaoeoos  red  sandstone  (Potsdam) 

Decomposed  chloritic  schist,  like  Archean  rocks,  at  bottom. 


Thick- 
ness.  I 

Feet.   ! 
6 

lOJ 
264 


350 


Total. 

Feet. 
6 
16 
280 

630 


80 

710 

50 

760 

10 

770 

30 

800 

GladsUme. — At  the  furnace  in  the  northern  part  of  Gladstone  there  are  several  flowing 
wells  which  range  in  depth  from  230  to  700  feet  and  have  diameters  of  4  and  6  inches.  They 
are  about  5  feet  above  lake  level,  and  one  has  a  head  27  feet  above  the  lake,  or  607  feet  above 
tide.  There  are  two  horizoj^s  from  which  flows  are  obtained,  one  being  at  about  230  feet 
and  the  other  about  700  feet,  with  small  quantities  of  water  at  intervening  levels.  The  low- 
est water  horizon  is  reported  to  be  the  strongest  and  the  water  is  thought  to  be  softer  than 
in  weUs  of  shallower  depth.  This,  however,  was  not  verified  by  chemical  analyses.  The 
earliest  well  was  made  about  1899  and  others  have  been  sunk  from  time  to  time  as  needed. 


ISB  160-06 i 


46  UNDERGROUND-WATER    PAPERS,  1906. 

Temperatures  reported  by  Lane  are  found  to  range  from  44.9°  to  49.3°  in  the  different  wells, 
the  highest  being  in  a  well  500  feet  deep. 

At  a  boarding  house  kept  by  Mrs.  Martin  adjacent  to  the  furnace  is  a  well  230  feet  deep 
and  4  inches  in  diameter,  made  in  1902,  which  yields  a  moderate  flow. 

At  the  roundhouse  in  the  western  part  of  Gladstone  a  well  made  by  the  Minneapolis, 
St.  Paul  and  Sault  Ste.  Marie  Railway  in  1903  reached  a  depth  of  about  700  feet  and  ol>- 
tained  a  strong  supply  of  water  at  690  feet,  w^hich  stands  a  test  by  pumping  of  150  gal- 
lons a  minute  and  has  a  hardness  of  5.86°  on  Clark's  scale.  The  water  rises  to  12  feet  below 
the  surface  or  about  600  feet  above  tide,  the  railroad  station  near  by  being  612  feet.  The 
following  record  appears  in  the  report  of  the  State  geologist  for  1903:  ^ 

Log  of  railroad  well  at  Gladstone. 

Thick-    Total. 


Feet.  Feet. 

Sand 51  51 

Clay  and  hardpan 10. 5         61. 5 

Sand  and  gravel '      15  76.5 

Clay  and  limestone  bowlders 14. 5         91 

Trenton  limestone 234  325 

Sandstone  "Lnd  limestone  (St.  Peter?) '  89  414 

Undifferentiated  '*  Calciferous "  limestone 228  643 

Potsdam  sandstone 100     i      7C 


Hendricks. — A  boring  in  sec.  8,  T.  41  N.,  R.  24  W.,  obtained  a  weak  flow  from  a  reddish 
sandstone  which  was  struck  at  350  feet  and  penetrated  for  146  feet.  It  is  a  4-inch  well 
and  was  made  in  the  winter  of  1901-2,  at  a  cost  of  about  $1,000.  a 

WEST  SHORE  OF  GREEK  BAT. 

Several  flowing  wells  have  been  sunk  in  the  cities  of  E^canaba  and  Menominee,  Mich., 
as  well  as  at  cities  and  villages  on  the  borders  of  Green  Bay  in  Wisconsin.  The  flows  are 
partly  from  the  St.  Peter  sandstone  and  partly  from  the  Potsdam.  Possibly  the  sandy 
beds  of  the  "Calciferous*'  also  yield  flows,  and  they  may  be  obtainable  from  the  Trenton 
limestone  at  certain  points.  The  few  data  here  presented  are  from  the  annual  report  of 
the  State  geologist  for  19a3: 


Log  of  Wagner  well  near  Escanaha. 


Thick-   T,^^., 
nesa.   ]  Total. 

t 
Feet.   '   FeeU 


Drift,  gravel,  and  clay 

Lorraine  ( Hudson)  shale 

Utica  bituminous  shale 

Trenton  limestone,  with  gcodes  or  quartz  inclusions,  at  406  and  457  feet  and  shale  at 

485  489  and  518-522  feet 

St.  Peter  sandstone  (in  part) 

St.  Peter  shale 

Undifferentiated  "  Calciferous  "  limestone,  etc 


9 
192 


201 
251 


271  I  522 

38  5G0 

2  j  5e2 

78  I  640 

I 


o  Reported  by  J.  M.  White,  Wells,  Mich. 
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In  a  recent  well  near  by,  a  broken  formation,  peifaaps  the  conglomerate  of  the  Archean 
quartzite,  was  struck  at  860  to  900  feet;  above  it  was  a  good  body  of  sandstone. 

A  flowing  well  at  Fktrock  near  Escanaba  is  reported  to  be  800  to  900  feet  deep. 

At  Menominee  S.  M.  Stephenson  has  a  flowing  well  in  town  and  another  on  his  farm  3 
miles  west.  The  latter  is  720  feet  deep  on  ground  30  feet  above  Lake  Michigan  and  has  a 
head  of  only  1  foot.  Water  was  found  at  various  levels,  but  the  main  supply  is  at  620  feet. 
The  water  of  the  town  well  has  a  temperature  of  55.5°  F.,  but  no  data  as  to  depth  of  the 
water  bed  are  reported.  A  well  near  the  Stephenson  Hotel  in  Menominee  is  thought  to  be 
in  Potsdam  sandstone,  but  no  definite  data  are  given  as  to  depth,  the  statement  being 
500  to  1,000  feet. 

There  are  a  number  of  other  flowing  wells  in  Menominee,  Marinette,  and  Escanaba,  but 
the  writer  is  not  in  possession  of  data  concerning  them. 

LAXB  BTTPEBIOE  8K0U. 

Chnmd  MaraU. — A  deep  boring  was  made  at  Grand  Marais  a  few  years  ago,  with  the 
expectation  of  obtaining  a  flowing  well.  It  is  on  ground  about  30  feet  above  Lake  Supe- 
rior. It  penetrated  100  feet  of  drift  before  entering  Potsdam  sandstone,  and  was  carried 
1 ,100  feet  into  that  rock.  The  water,  though  abundant  and  of  good  quality,  will  not  over- 
flow, and  in  consequence  no  use  is  made  of  it.  The  dip  of  the  rock  formations  being  south- 
ward from  the  shore  of  Lake  Superior,  the  undeiground  flowage  is  probably  in  that  direction, 
or  away  from  the  lake  shore.  This  being  the  case,  the  further  testing  of  this  shore  for  flow- 
ing wells  can  not  be  encouraged. 

NONFLOWING  WELLS. 

In  the  districts  where  flowing  wells  can  not  be  obtained  a  number  of  records  were  col- 
lected which  throw  light  on  the  distance  to  water,  and  in  some  cases  on  the  head.  In  general 
it  may  be  stated  that  an  exceptionally  good  water  is  obtainable,  at  moderate  depths,  • 
throughout  the  part  of  the  northern  peninsula  underlain  by  Cambrian  and  Silurian  rock 
formations.  It  need  scarcely  be  stated  that  it  is  decidedly  softer  in  the  sandstone  districts 
bordering  Lake  Superior  than  in  the  limestone  districts  bordering  Lakes  Michigan  and 
Huron,  a  feature  which  also  characterizes  the  lakes.  The  water  table,  except  in  promi- 
nent glacial  and  limestone  ridges  and  elevated  gravel  and  sand  plains,  is  near  enough  to  the 
surface  to  be  easily  reached  by  dug  wells,  a  oonunon  depth  being  20  to  30  feet.  Probably 
80  per  cent  of  the  farm  weUs  are  less  than  30  feet  in  depth.  The  records  collected  are 
mainly  of  wells  of  exceptional  depth,  no  attempt  having  been  made  to  compile  a  complete 
list.  In  the  statements  which  follow,  the  well  districts  are  taken  up  in  order  from  east 
to  west. 

osxFFBWA  oomiTr. 

Svgar  Idand. — On  Sugar  Island  weUs  are  15  to  25  feet  deep.  On  clay  plains  they  pene- 
trate to  underljdng  sand  and  gravel,  while  on  gravelly  ridges  they  go  down  about  to  the 
level  of  the  bordering  plains. 
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St.  Marys  River. — ^Along  St.  Marys  River  from  Sault  Ste.  Marie  to  the  mouth  of  the 
Munusoong  the  wells  are  generally  only  15  to  30  feet  in  depth,  corresponding  to  their  alti- 
tude ahove  the  river.  There  are,  however,  places  where  a  solid  bed  of  clay  extends  some 
depth  below  the  river  level,  as  indicated  in  the  following  table: 

Wells  along  St.  Marys  River. 


Owner. 

Location. 

Alti- 
tude. 

Depth. 

Head. 

Remarks. 

T.N. 

R.E. 

Sec. 

B.  Qllroy 

47 

47 
47 

46 
46 

46 

46 

1 

22 

22 
22 

22 
13 

25 

26 

Feet. 
620 

615 
615 

610 
590 

600 

600 

Feet. 
60 

77 
70 

70 
100 

80 

78 

Feet. 
-18 

-10 
-10 

{--i 

-  4 

-  4 

Sand  12  feet,  red  clay  45  feet,  grav- 
el and  sand  3  feet. 

Section  same  as  preceding. 

Clay  to  water  bed  In  gravel  at 
bottom. 

Head  at  first  near  snrfaoe,  but 

Do 

Sam  Pieslon 

D.  F.  Grier 

J  .W.  ninds 

now  25  feet  below. 

No  water  obtained.    Clay  to  bot- 
tom. 

Sand  9  feet,  clay  to  gravel  at  bot- 
tom. 

Sand  7  feet,  clay  68  feet,  gravel  3 
feet. 

Jofin  RAylun.    r 

J.  Wright 

Wells  on  the  high  plain  above  the  Nipissing  beach,  south  of  Sault  Ste.  Marie,  at  alti- 
tudes between  670  and  700  feet  above  tide,  are  from  35  to  100  feet  in  depth,  and  obtain 
water  from  gravel  or  sand  under  a  laminated,  nearly  pebbleless,  clay.  The  head  is  gen- 
erally 30  feet  or  more  below  the  surface.  Temperatures  wherever  tested  were  45**  F.  or 
slightly  less. 

Pickford. — Wells  on  the  gravelly  table-land  northwest  of  Pickford  are  55  to  75  feet  or 
more  in  depth  when  at  an  altitude  of  about  775  feet,  and  the  water  rises  but  little  in  the 
wells. 

WeU^urg. — On  the  high  sandy  plain  at  Wellsburg,  at  an  altitude  of  225  feet  above  Lake 
Superior,  a  well  was  sunk  by  the  railroad  company  in  1885  to  a  depth  of  280  feet,  entirely 
through  sand.  The  water  rises  to  — 45  feet,  or  about  180  feet  above  the  lake.  A  well  in 
the  ravine  south  of  the  station,  about  15  feet  lower,  obtains  water  at  only  25  feet  depth. 
North  of  Wellsbui^  on  the  same  plain  are  wells  100  to  160  feet  in  depth.  A  well  on  the 
Van  Leuven  homestead  in  sec.  25,  T.  47  N.,  R.  4  W.,  on  a  morainic  ridge  overlooking  "Lake 
Superior,  and  at  an  altitude  about  225  feet  above  lake  level,  is  140  feet  in  depth. 

Rexford. — ^At  Rexford,  on  a  high  sand  plain  about  325  feet  above  Lake  Superior,  a  w^ll 
was  obtained  at  only  45  feet,  and  a  similar  well  was  obtained  at  the  taiget  range,  about  a 
mile  west  of  Rexford.  South  of  these  high  sand  plains,  in  the  vicinity  of  Trout  Lake  and 
Alexander,  wells  are  obtained  at  slight  depth,  much  of  the  region  being  swampy. 

SheQdrake. — At  Shelldrake,  on  the  shore  of  Lake  Superior,  a  boring  was  sunk  by  Colonel 
Culhane  to  a  depth  of  250  feet  without  reaching  rock,  although  at  an  altitude  of  only  5  feet 
above  Lake  Superior.  It  passed  through  clay  with  associated  thin  beds  of  sand  and 
obtained  a  weak  supply  of  water  with  a  head  of  60  feet.  Several  wells  in  Shelldrake  are 
from  75  to  85  feet,  there  being  but  little  water  obtainable  at  less  than  75  feet. 

LTJOE  OOUUTT. 

Newberry  and  vicinity. — In  the  vicinity  of  Newberry  several  deep  wells  have  been  made 
on  elevated  ground,  at  the  State  Insane  Asylum,  and  on  surrounding  farms.  One  well  at 
the  asylum,  457  feet  deep,  struck  rock  (limestone)  at  320  feet,  and  entered  shale  in  the 
lower  70  feet.  Water  is  from  near  the  top  of  the  limestone,  and  the  well  will  yield  by 
pumping  200  gallons  a  minute.  It  has  a  diameter  of  7 J  inches.  The  head  is  — 104  feet , 
and  the  altitude  of  the  well  mouth  about  865  feet.  Another  asylum  well  is  245  feet,  and 
there  are  four  wells  186  feet  in  depth.    All  these  wells  struck  the  first  water  bed  at  a  depth 
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of  about  100  feet,  and  there  ia  little  if  any  rise  of  water,  that  depth  being  apparently  the 
level  of  the  ground-water  table.  Other  wells  have  been  made  at  wood  camps  on  the  asylum 
property,  1  to  2  miles  south  and  east  of  the  buildings,  one  well  being  100  feet  and  another 
170  feet  deep.  The  deeper  well  penetrated  sand  100  feet  and  below  this  a  blue  hardpan 
65  feet,  obtaining  water  in  sand  under  the  hardpan.  The  altitude  of  these  wells  is  about 
the  same  as  that  of  those  at  the  institution.  At  a  schoolhouse  near  the  asylum  the  well  has 
a  depth  of  13S  feet.  A  partial  analysis  of  water  from  a  well  adjacent  to  the  asylum  grounds, 
made  in  1893  by  Doctor  Nicholson  of  Newberry,  showed  the  presence  of  only  65  parts  per 
million  of  calcium  and  magnesium  carbonates,  and  but  a  trace  of  iron,  while  chlorides 
seemed  to  be  entirely  absent.    The  depth  of  this  well  is  128  feet  and  the  head  — 1 10  feet. 

About  2  miles  west  of  the  asylum,  on  a  prominent  knoll  of  similar  altitude,  are  three  deep 
wells.  One  at  a  schoolhouse,  in  the  western  part  of  section  9,  is  192  feet  deep  and  has  a 
head  of  — 135  feet.  It  was  laigely  through  sand.  Across  the  road,  in  section  10,  at  the 
residence  of  John  Templeton,  is  a  well  196  feet  deep,  with  a  similar  head.  About  a  mile 
northeast  of  these  wells  A.  Carlson  made  a  well  150  feet  in  depth,  with  a  head  of  — 130  feet. 
The  altitude  of  these  three  wells  is  about  850  feet.  Another  well  on  lower  ground  (760  feet 
above  tide),  in  the  southeastern  part  of  section  4,  has  a  depth  of  106  feet  and  a  head  of  — ^26 
feet.    There  were  nearly  20  feet  of  clay  near  the  top,  but  the  remainder  was  through  sand. 

At  a  limestone  quarry  12  miles  southeast  of  Newberry  (sec.  6,  T.  44  N.,  R.  8  W.)  are 
two  wells  100  feet  in  depth,  with  a  head  80  feet  below  the  surface.  The  altitude  of  the  wells 
is  about  900  feet.  An  analysis  of  the  boiler  scale,  made  by  the  Dearborn  Drug  and  Chem- 
ical Company,  Chicago,  gave  the  following  proportion  of  mineral  constituents: 

Analyng  of  boiler  scale  from  quarry  weU  water. 

Per  cent. 

SUica : 3.20 

Oxidea  of  Iron  and  alumina 1.16 

Calcium  carbonate 80.08 

Magnesium  carbonate 14. 01 

Calcfum  8U  Ipba te 1 .  40 

Loss,  etc 16 

100.00 

MeMUlan. — ^At  McMillan  the  schoolhouse  well  has  a  depth  of  80  feet  and  an  altitude  of  785 
feet.  The  water  is  from  sand  under  clay.  The  well  at  the  cooperage  company's  mill,  on 
ground  35  feet  lower,  is  60  feet  in  depth  and  has  a  head  of  —16  feet. 

ManUtique  Lake. — North  of  Manistique  Lake  are  several  wells  nearly  100  feet  in  depth. 
One  at  the  schoolhouse  in  sec.  29,  T.  45  N.,  R.  12  W.,  is  96  feet  and  has  a  head  of  —60 
feet.  It  entered  limestone  at  40  feet.  Jerry  Holland  has  a  well  on  the  eastern  side  of  sec- 
tion 30,  which  is  85  feet  deep  and  enters  limestone  at  18  feet.  The  head  \b  —20  feet. 
Across  the  road,  in  section  29,  at  the  residence  of  Charles  McKenna,  is  a  well  86  feet  deep, 
on  ground  about  35  feet  higher  than  the  Holland  well.  It  has  a  head  of  —56  feet  and 
entered  limestone  at  40  feet.  John  Richards  has  a  well  in  the  southern  part  of  section  21 
with  a  depth  of  76  feet  and  a  head  of  —68  feet.  It  penetrated  clay  for  12  feet  and  sand 
for  64  feet,  striking  rock  at  the  bottom. 

A  well  east  of  Little  Manistique  Lake  on  the  farm  of  J.  Fyne,  in  sec.  17,  T.  45  N., 
R.  11  W.,  with  a  depth  of  58  feet,  has  a  head  of  only  —7  feet.  It  penetrated  clay  40  feet, 
below  which  was  a  sandy  gravel. 

MA081KAO  OOinfTT. 

Wells  on  the  Niagara  limestone,  in  southeastern  Mackinac  County,  are  often  sunk  to 
depths  of  60  to  75  feet,  and  in  most  cases  there  is  little  rise  of  the  water. 

Palms. — ^At  Palms  (Kenneth  post-office)  are  two  wells  108  and  117  feet  in  depth,  made  by 
W.  J.  Ross,  which  have  an  altitude  of  795  feet  and  a  head  of  —35  feet.  Another  well  at 
Leonard's  mill,  at  an  altitude  of  770  feet,  is  75  feet  deep  and  has  a  head  of  —8  feet. 
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Ozark. — On  a  limestone  hill  east  of  Ozark,  a  well  having  an  altitude  of  about  875  feet, 
reached  a  depth  of  100  feet.  Farther  south,  near  Allcnvillc,  wells  are  difficult  to  obtain, 
because  of  the  laige  amount  of  shale  in  the  Monroe  beds,  and  borings  100  to  150  feet  are  not 
rare.  •- 

Lewis  and  Rex. — In  wells  in  the  vicinity  of  Lewis  and  Rex,  water  is  obtained  at  very 
shallow  depths,  although  the  altitude  is  about  860  feet.  Those  at  Lewis  are  from  sand  at 
about  16  feet.    Some  near  Rex  enter  rock  at  10  feet,  but  others  are  entirely  from  sand. 

OUchrist. — At  Gilchrist,  at  an  altitude  of  780  feet  above  tide,  the  railroad  company  made 
a  well  1,180  feet  in  depth,  which  entered  rock  at  80  feet  and  has  a  head  of  —70  feet. 

West  end  of  county. — From  Millecoquins  Lake  southwestward  past  Engadine  and  Gould 
to  Corinne  nearly  all  the  wells  enter  rock  at  slight  depths.  The  shallowest  are  about  40 
feet  and  the  deepest  over  200  feet,  the  common  depth  being  about  80  feet.  The  water 
seldom  rises  to  more  than  40  feet  below  the  surface.  A  test  boring  made  at  Corinne  in  1888, 
for  the  purpose  of  obtaining  a  flowing  well,  reached  a  depth  of  180  feet  and  had  a  head  of 
—25  feet,  or  748  feet  above  tide.  A  well  at  Ferguson's  store,  in  Gould,  is  116  feet  deep  and 
has  a  head  of  —12  feet,  or  724  feet  above  tide.  The  majority  of  wells  around  Corinne  and 
Gould  are  65  to  80  feet  in  depth.  Deep  flowing  wells  at  Engadine  have  already  been 
discussed  (p.  43),  and  also  the  flowing  well  at  Deuels  Lake  (p.  43). 

B0H00LGRA7T  OOTTVTT. 

Seney. — ^At  Seney  wells  were  made  some  years  ago,  with  a  depth  of  110  to  115  feet,  which 
obtained  a  strong  supply  but  not  a  flow. 

Oermfask. — East  of  Germfask  are  wells  about  80  feet  deep,  on  the  Stafford  farm,  in  sec. 
12,  T.  44  N.,  R.  13  W.,  with  a  head  of  —45  feet.  A  well  on  Tliomas  Kennedy's  farm,  on 
section  14  has  a  depth  of  70  feet  and  very  little  rise  of  water.  A  neighboring  well  at  S. 
Bums's  residence,  on  a  high  ridge  in  section  15  has  a  depth  of  only  14  feet. 

BUmey. — ^The  William  Mueller  Lumber  Company,  of  Blaney,  sunk  a  well  214  feet  for  the 
purpose  of  procuring  a  supply  for  waterworks,  but  an  insufficient  and  unsuitable  supply,  was 
obtained.  The  water  tastes  "like  bog  ore."  The  supply  is  partly  from  a  depth  of  42  feet 
and  partly  from  near  the  bottom  of  the  well.  The  head  is  about  40  feet  below  the  surface. 
There  were  113  feet  of  drift  and  101  feet  of  shale.  The  following  drift  beds  were  penetrated: 
Clay  loam  and  sand,  15  feet;  quicksand,  26  feet;  gravel,  4  feet;  blue  bowlder  clay  with  sand 
streaks,  68  feet.a 

Manistique. — On  a  table-land  east  of  Manistique  wells  are  30  to  60  feet  in  depth  without 
reaching  rock.  The  deeper  wells  are  near  the  edge  of  the  table-land,  and  are  reported  to  be 
entirely  through  sand. 

Hiawatha. — In  the  Hiawatha  settlement,  about  12  miles  north  of  Manistique,  wells  are 
40  to  65  feet  in  depth,  through  gravel  and  sand,  and  there  is  very  little  rise  of  water,  the 
ground-water  table  being  about  40  feet  below  the  surface,  or  near  ^he  level  of  the  snmll 
lakes  which  occur  in  that  region  in  basins  in  the  gravel  plain. 

Indian  Lake. — On  each  side  of  Indian  Lake,  from  a  point  near  Manistique  to  Cooks  Mill, 
is  a  limestone  district  in  which  wells  are  often  50  to  75  feet  in  depth,  and  have  very  little 
rise  of  water,  the  ground-water  table  being  near  the  level  of  Indian  Lake. 

DELTA  coTnmr. 

Oarden  Peninsula. — On  Burnt  Bluff,  on  Garden  Peninsula,  are  two  wells  228  feet  in  depUi, 
which  have  a  head  of  —203  feet,  which  is  about  at  the  Lake  Michigan  level.  Rock  was 
entered  at  3  feet.  Several  wells  in  that  vicinity  are  100  to  140  feet  in  depth.  Rock  is 
usually  entered  at  a  depth  of  30  feet  or  less  on  Garden  Peninsula,  and  in  some  cases  wells 
are  carried  to  25  to  30  feet  below  Lake  Michigan  level  before  a  strong  supply  is  obtained  &. 

St.  Jacques. — At  St.  Jacques  the  hotel  well  is  35  feet  in  depth  and  obtains  a  supply  from 
gravel  under  a  bed  of  sandy  loam.    Two  dug  wells  near  the  hotel  are  only  26  feet  in  depth, 

a  Data  furnished  by  George  W.  Gray,  driller.  Cooks,  Mich. 

A  Data  on  Garden  Peninsula  furnished  by  George  W.  Gray,  driller. 
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but  a  well  one-fourth  mile  east  on  slightly  higher  ground  is  65  feet  deep.    The  altitude  is  15 
to  25  feet  higher  than  at  the  railroad  station,  or  630  to  640  feet  above  tide. 

Ensign. — At  Ensign  rock  is  struck  at  about  10  feet,  but  wells  are  usually  obtained  at  the 
base  of  the  drift,  the  rock  being  a  shale  with  very  little  water. 

ALOEB  COTTNTY. 

From  the  head  of  Little  Bay  de  Noc  northward  to  Lake  Superior  is  a  district  in  which  rock 

is  found  at  shallow  depth,  usually  less  than  20  feet,  and  wells  are  obtained  either  at  the  base 

of  the  drift  or  at  a  moderate  depth  in  the  rock,  a  well  more  than  40  feet  in  depth  being  rare. 

The  altitude  near  the  head  of  Little  Bay  de  Noc  is  only  about  600  feet  above  tide,  but  on 

the  brow  of  the  calciferous  escarpment  in  the  vicinity  of  Rumely,  Lawson,  and  Carlshend 

it  is  1,050  to  1,150  feet,  yet  the  water  table  is  sufficiently  near  the  surface  to  furnish  wells  at 

very  slight  depth.  

KEVOIIIIIEE  COTJHTT. 

The  drift  is  also  of  moderate  depth  west  of  Little  Bay  de  Noc  and  Green  Bay,  in  Delta 
and  Menominee  counties,  and  wells  are  usually  obtained  at  the  base  of  the  drift  or  in  the 
upper  portion  of  the  rock  at  depths  of  40  feet  or  less.  The  drift  is  a  sandy  or  clayey  loam 
with  thin  beds  of  clear  gravel  or  sand  associated  with  or  underlying  it. 

KAKQTJETTE  COUNTY. 

In  eastern  Marquette  County,  from  Little  Lake  northward  to  Harvey  and  Mangum,  is  a 
belt  of  very  heavy  drift  in  which  wells  90  to  200  feet  in  depth  have  not  reached  rock,  while 
a  boring  to  test  for  iron  ore  near  Little  Lake  found  rock  at  a  depth  of  about  250  feet.  A 
well  at  S.  C.  Miller's,  in  the  southwestern  part  of  sec.  35,  T.  47  N.,  R.  25  W.,  at  an  alti- 
tude of  about  1,150  feet  above  tide,  is  205  feet  in  depth,  and  strikes  water  at  191  feet.  It 
was  mainly  through  sand,  though  there  is  a  little  clayey  material  near  the  surface.  The 
water  does  not  rise  above  the  level  at  which  it  was  struck.  Mr.  Miller  has  a  shallow  well 
only  18  feet  in  depth,  which  gives  out  in  dry  seasons.  A  neighboring  well  on  the  farm  of 
James  Kindlen  is  184  feet  in  depth ;  in  it  the  water  stands  at  164  feet  below  the  surface.  The 
altitude  is  slightly  lower  than  at  Miller's,  being  probably  1,130  feet  above  tide.  This  well 
is  thought  to  have  struck  bed  rock  at  the  bottom,  though  it  may  perhaps  have  been  merely 
a  cemented  crust  in  the  drift,  for  the  Miller  well  penetrated  a  cnist  at  186  feet.  Both  these 
deep  welb  are  on  a  prominent  moraine,  about  2  miles  northeast  of  Sands  station,  on  the 
Chicago  and  Northwestern  Railway.  A  few  miles  farther  north,  on  the  same  moraine,  a 
well  was  made  some  years  ago  at  Frazier's  lumber  camp,  in  sec.  21,  T.  47  N.,  R.  25  W., 
190  feet  in  depth,  which  penetrated  only  gravel  and  sand.  It  is  at  an  altitude  of  over  1,200 
feet.  Near  this  well  in  the  southwestern  part  of  section  16,  at  an  altitude  only  a  few  feet 
lower,  is  a  shallow  dug  well  having  water  standing  within  10  feet  of  the  surface,  thus 
repeating  the  conditions  noted  at  the  Miller  wells. 

On  a  moranic  ridge  west  of  Mangum  are  several  wells  80  to  90  feet  deep  on  the  farms  of 
James  Barry,  Carl  Whitler,  William  Preab,  and  Mr.  Huebner.  They  penetrate  a  large 
amount  of  white  sand,  but  in  some  cases  pass  through  a  thin  bed  of  bowlder  clay  at  the  sur- 
face and  another  near  the  bottom  of  the  well. 

In  the  vicinity  of  Skandia  wells  are  30  to  50  feet  in  depth  and  in  some  cases  enter  rock 
hear  the  bottom.  • 

PUBLIC  WATER  SUPPLIES. 

About  half  the  population  of  the  Northern  Peninsula  is  found  in  cities  and  villages  pro- 
vided with  public  water  supply.  The  sources  of  supply  set  forth  in  the  table  below  are 
chiefly  from  surface  water,  only  a  few  villages  drawing  a  public  supply  from  wells.  This 
is  a  natural  condition,  in  view  of  the  contiguity  of  large  bodies  of  fresh  water,  and,  m  most 
cases,  the  supply  is  fully  as  good  as  can  be  obtained  from  underground  sources.  The 
principal  danger  appears  to  be  that  of  sewage  contammation  around  the  intake  pipes,  and 
this  may  be  guarded  against  by  placing  these  pipes  out  of  reach  of  the  sewage. 
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Municipal  and  institutional  water  tnipplies. 


Town. 


Popula 
tion,lW)0. 


Atlantic  mine d:3, 000 


Baraga... 
Bay  Mills. 

Beacon 

Bessemer. 

Blaney 


Crystal  Falls. 
Dollar  Bay... 


Escanaba. , 

Ewen 

Garden , 

Gladstone 

Grand  Marais.. 
Hancock 


Houghton 

Iron  Mountain.. 


Iron  River. . 
Iron  wood... 


Ishpeming 

Lake  Linden. . 
L'Anse 


Laurium  and  Red 
Jacket. 

Mackinac  Island. . . 

Manistique 

Marquette 


State  prison. 
Menominee.. 


Munising.. 
Negaunee. 


Newberry 

State  asylum . 
Norway 

Ontonagon . . . 

Palmer 

Quinnesec 


1,185 

1,000 

±1,500 

3,911 

±    300 

3,231 
±1,500 

9,549 
500 
465 
3,380 
2,000 
4,050 


9,242 

1,482 
9,705 

13,255 

2,597 

620 

10,311 

665 
4,126 
10,058 

e300 
12,818 


6,935 

1,421 
c600 
4,170 

1,267 
799 
600 
±1.200 


Rapid   River  and 
Mason  ville. 

Republic \  ±2,500  ^ 

Rockland •  ±1,000  I 

St.  Ignace 2,271  1 

Sault  Stc. Marie.. .J  10, 5:«  I 


Staml)augh . 


Vulcan 

Wakefield. 


Owner- 
ship, o 


^1 


2,000  I. 
1,191  ' 


P. 
P.? 
M.? 
M. 

P. 

M. 

P. 

P. 
M. 
M. 
M. 
M. 
M. 

M. 


M.? 

P. 

M. 
M. 

M. 

P. 

P. 
M. 
M. 

St. 
P. 

M. 


M. 

St. 
M. 

M. 

P. 
M. 
M. 

M.? 
P. 
M. 
M. 

M. 


M. 


Source. 


Creek  and  well. 


Keweenaw  Bay 

WhiteflshBay 

(?) 
Springs    and    im- 
pounded water. 
Creek 


Impounded  water. 


Little  Bay  de  Noc 

Flowing  wells 

Rock  wells,  104-220  feet 
Little  Bay  de  Noc. 

Lake  Superior 

Filter  gallery 

Springs 

Infiltration  wells. . 


Iron  River 

Montreal  River. 


Small  lake 

Well  and  creek.. 
Spring-fed  creek. 
Lake  Superior... 

Lake  Huron 

Indian  Lake 

Lake  Superior... 


Small  stream . 
Green  Bay 


Springs,  and  Lake  Su- 
perior. 


pel 
Teal  Lake. 


Tubular  wells 

do 

Impounded  water 

Ij&ke  Superior 

Springs  and  wells. . . 

Mine  water 

Rock  wells, 275  feet. 

Springs  and  late. 

Springs 

I^ke  Huron 
Whiteflsh  Bay. 

Iron  River. 

Impounded  water 
Sandy  Lake 


System.t> 


D. 
D. 
R. 

R. 
R. 


G. and  D. 
D. 
G. 
D. 

R. 

G.andD. 

D. 


D. 

T. 

D. 

D. 

T. 

R.andD. 

T. 
WM. 


D. 


Remarks. 


Partial    domestic    supply 
from  well. 


Hydrants  for  fire. 
Springs  for  domestic  uae. 

Operated  by  lumber  com- 
pany. 

Also  supplies  Vulcan. 

Partial  distribution  for  em- 

eoyees  of  Lake  Superior 
iningCo. 

Filtration  works  planned. 
Partial  system. 


Manual  American  W^ater- 

works. 
Reservoirs,  high   pressure 

and  low  pressure. 

The   wells   are    de%'eloped 
springs. 

Manual  American  Water- 
works. 

Do. 

Do. 

Do. 

Do. 


Runs  to  reservoir  in  dty. 

High  parts  of  city  have  pri- 
vate tanks. 


Manual  American  Water- 
works. 

Lake   Superior   for   emer- 
gency. 

Manual  American   Water- 
works. 

Data  given  al>ove. 

Do. 

Manual  American   Water- 
works. 
Do. 
Partial  system. 
Chiefly  Cre  protection. 

Fire  hydrants  on  flowi:  j 
wells. 

InsUUed  in  1906. 

Partial  system. 

Base  of  tank  114  feet  above 
Lake  Superior. 

Manual  American   Water- 
works. 

Supplied  from  Norway. 

Fire  protection. 


oAbbreviations  under  ownership  as  follows:  P=  Private;  M»Municipal;  St.— State. 
^Abbreviations  under  system  as  follows:  T=-Tank  or  standpipe;  R=Open  reservoir;  G-Gravitr: 
D— Direct  pressure;  WM=  Windmill.  c  Population  in  1906. 
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QUALITY  OF  WATER. 

Analyses  of  Lake  Superior  water  have  been  published  by  the  State  geologist  in  the 
annual  report  for  1903,  pages  113  to  118,  and  analyses  of  water  from  Green  Bay  on  pages 
119  to  120,  while  several  analyses  of  Lake  Michigan  water  appear  in  Water-Supply  Paper 
No.  31  of  the  United  States  Geological  Survey.  The  sanitary  analysis  of  a  flowing  well  at 
Menominee  also  appears  in  the  annual  report  of  the  State  geologist  for  1903,  pages  121  to 
122.  It  appears  from  these  analyses  that  the  hardness  of  the  waters  in  Lake  Michigan  and 
Green  Bay  is  about  twice  that  of  Lake  Superior,  being  7^  to  9®  or  more  on  Clark's  scale, 
while  on  Lake  Superior  it  is  only  about  3°  in  several  of  the  analyses. 


DRAINAGE  OF  WET  LANDS  IN  ARKANSAS  BY  WELLS. 


By  A.  F.  Cbider. 


INTRODUCTION. 

The  disposal  of  surface  waters  and  sewage  in  level  countries  where  there  is  insufficient 
natural  drainage,  has  long  been  a  serious  problem,  and  one  that  is  becoming  more  preasing 
as  the  country  becomes  more  thickly  settled. 

The  method  of  drainage  into  the  underlying  subsoil  by  means  of  wells  is  not  new,  although 
little  practiced  in  the  United  States.  It  has  long  been  successfully  used  in  the  low  provinces 
of  France,  and  it  was  tried  in  Michigan  as  long  as  twenty-five  years  ago.  Here,  however, 
it  was  found  to  be  impracticable,  at  least  so  far  as  the  subsoil  and  shallow  wells  were  con- 
cerned. Later,  success  was  attained  by  the  use  of  deep  wells.  Such  wells  will  often 
penetrate  sandy  strata  into  which  the  water  from  overlying  strata  can  be  drained,  thus 
lowering  the  ground-water  level.  In  the  Coastal  Plain,  where  there  are  numerous  porous 
strata  of.  sand  alternating  with  beds  of  clay,  the  possibility  of  reclaiming  swampy  districts 
by  such  well  drainage  is  promising  and  at  least  deserves  a  thorough  test. 

WELL  DRAINAGE  IN  OTHER  STATES  THAN  ARKANSAS. 

DBAINAQE  BY   WELLS   IN   MICHIGAN. 

On  the  retreat  of  the  glaciers  a  large  part  of  Canada  and  the  northern  United  States  was 
left  covered  with  glacial  accumulations.  In  places  large  areas  were  left  with  a  very  irregular 
surface,  marked  by  numerous  sink  holes,  ponds,  and  lakes.  The  glaciated  area,  in  places, 
had  little  relief,  so  that  many  of  these  ponds  and  lakes  are  still  undrained. 

In  the  spring  the  heavy  rains  and  melting  snows  fill  these  undrained  depressions  to  a 
depth  depending  on  the  area  drained  and  the  amouht  of  precipitation.  Many  of  the  larger 
ponds  contain  more  or  less  water  throughout  the  year.  The  soil  in  these  depressions  is 
very  fertile,  and  when  drained  becomes  of  great  value  for  farming.  An  attempt  was  made 
about  twenty-five  years  ago,  in  Parma  Township,  Jackson  County,  Mich.,  to  drain  one  of 
these  depressions  into  the  subsoil  underlying  the  surface  hardpan.  The  attempt  failed, 
but  within  the  last  few  years  a  lai^e  number  of  ponds  in  Jackson  County  have  been  drained 
into  the  underlying  porous  strata  by  means  of  deep  wells.  The  methods  used  and  results 
obtained  have  been  described  by  Robert  E.  Horton  in  Water-Supply  Paper  No.  145,  pages 
30  to  39.  Mr.  Horton  describes  a  deep-drain  well  on  Fred  Watkins's  place  in  Parma 
Township.  The  well  is  located  in  the  center  of  a  pond,  which  drains  about  35  acres  of 
sloping  tilled  land  of  permeable  gravelly  loam.  The  water  covered  an  area  of  alx>ut  24 
acres,  and  rarely  dried  up.  When  first  drilled,  the  well  was  stopped  in  the  first  water  lied 
at  a  depth  of  about  90  feet,  and  the  unprotected  open  pipe  was  allowed  to  project  upward 
in  the  water  near  the  surface.  The  water  was  drawn  down  very  rapidly  at  first,  but  was 
soon  greatly  checked  by  organic  material  which  clogged  the  pipe  and  perhaps  the  water 
l)ed  at  the  bottom  of  the  well.  Two  months  of  flow  failed  to  drain  the  pond.  This  result 
l)eing  unsatisractory,  the  well  was  drilled  to  a  depth  of  170  feet  and  the  top  of  the  pipe 
protected  with  a  screen.     In  a  short  time  the  pond  was  completely  drained. 
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DRAINAGE  BY   WELLS  IN   OBOROIA. 

• 

During  the  summer  of  1903  Mr.  S.  W.  McCallie,  in  cooperation  with  the  United  States 
Geological  Survey,  made  some  valuable  experiments  in  Quitman,  Ga.,  on  the  drainage  of 
sewage  into  deep  wells. 

A  well  was  bored  to  improve  the  city's  water  supply.  At  a  depth  of  123  feet  the  drill 
ent«red  an  apparent  opening  in  the  limestone  6}  feet  deep  and  the  water  immediately  rose 
to  within  77  feet  of  the  surface.  Efforts  were  made  to  lower  it  by  continuous  pumping, 
but  without  success.  It  was  likewise  found  that  laige  volumes  of  water  could  be  forced 
into  the  well  without  raising  the  static  head  above  77  feet  below  the  surface.  The  well  was 
then  bored  deeper  and  a  second  water-bearing  horizon  encountered  at  a  depth  of  321  feet. 

To  test  the  carrying  capacity  of  the  upper  water-bearing  stratum,  a  second  well,  6  inches 
in  diameter,  was  bored  near  Russell's  pond,  a  stagnant  pool,  the  water  from  which  was 
drained  into  the  well.  About  one-half  million  gallons  of  water  were  drawn  down  in  a  few 
hours  without  raising  or  lowering  the  static  head  of  the  water,  which  stood  at  77  feet 
below  the  surface. 

The  town  authorities  concluded  that  the  underground  water  course  could  be  used  for 
carxying  away  the  city's  sewage.  The  results  of  an  elaborate  experiment  carried  on  by 
Mr.  McCallie,  however,  proved  conclusively  that  a  pollution  of  the  other  wells  would  result 
from  such  a  procedure,  and  the  proposed  disposition  of  the  sewage  was  therefore  abandoned. 

DRAINAGE  BY  WELLS  IN  ARKANSAS. 

In  the  Coastal  Plain  of  northeastern  Arkansas  are  millions  of  acres  of  flat  lands,  occupied 
'  by  swamps,  old  sloughs,  and  shallow  lakes.  Thousands  of  acres  of  this  area  are  covered 
with  water  in  the  spring  and  early  summer,  and  thereby  made  worthless  for  agricultural 
purposes.  Attempts  have  been  made  in  a  few  instances  to  drain  small  portions  of  this  area 
by  means  of  deep  wells,  but  the  diflSculties  encountered  have  not  been  overcome,  and  the 
success  of  the  work  is  still  much  in  doubt. 

TOPOGRAPHY   OF  THE  AREA. 

The  area  of  northeastern  Arkansas,  extending  from  the  Paleozoic  hills  to  Mississippi 
River,  is  a  level  plain,  with  a  minimum  elevation  of  about  100  feet  at  the  mouth  of  Arkansas 
River  on  the  south  and  of  296  feet  near  the  Missouri  line.  The  monotony  of  the  surface 
is  broken  by  Crowleys  Ridge,  a  low  swell,  from  1  to  12  miles  wide,  extending  from  Commerce, 
Mo.,  to  Helena,  Ark.  The  highest  points  of  the  ridge  are  about  120  to  140  feet  above  the 
flat  lands  on  either  side. 

West  of  the  ridge  the  country  is  diversified  with  wooded  lands,  prairies,  and  broad  swells 
15  to  20  feet  above  the  general  level.  These  low  ridges  have  a  general  north-south  direction 
roughly  parallel  to  Crowleys  Ridge.  The  region  is  drained  by  White  River  and  its  tribu- 
taries, Black,  Cache,  and  L'Anguille  rivers.  £ast  of  the  ridge  the  country  is  much  flatter. 
St.  Francis  and  Mississippi  rivers  are  the  only  streams  of  any  importance.  The  St.  Francis 
and  its  tributaries  are  very  crooked  and  have  very  little  grade.  In  many  places  near  the 
Missouri  line  St.  Francis  River  is  little  more  than  a  series  of  broad  lakes.  The  country  is 
known  as  the  ''sunken  lands"  of  St.  Francis  River.  The  numerous  lakes  were  caused  by 
the  earthquakes  of  1811  and  1812. 

After  a  long  rainy  season  the  country  east  of  Crowleys  Ridge  is  completely  inundated. 
There  is  not  enough  drainage  to  carry  off  the  water  in  rainy  seasons,  so  it  coUects  in  the 
lower  lands  and  often  remains  for  months.  The  great  amount  of  water  is  a  hindrance  in 
the  spring  to  putting  in  the  crops,  and  occasionally  destroys  them  after  they  have  become 
more  or  less  mature. 
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OHABACTTEB  OF  SURFACE  8TKATCJM. 

A  large  area  adjacent  to  Crowleys  Ridge  on  the  west  and  a  narrow  fringe  on  the  east 
have  a  thin  surface  stratum  of  light-graj  sandy  clay  nearly  impervfous  to  water  and  con- 
taining numerous  nodules  of  limonite.  Along  the  present  streams  and  old  water  courses 
of  the  entire  region,  the  limonitic  hardpan  has  been  removed  or  covered  with  stream  allu- 
vium, consisting  of  fine  silt  and  sand.  The  clay,  therefore,  where  not  present  as  a  surface 
stratum,  spreads  over  the  region  as  a  subsoil.  The  nodules  of  limonite  and  the  impervious 
clay  soils  have  given  rise  to  the  terms  ^'buckshof  and  "slash  lands.''  On  the  higher 
ridges,  the  clay  loam  is  very  similar  to  the  Columbia  formation,  and  is  doubtless  the 
reworiced  product  of  the  loess  and  Columbia,  which  are  present  on  the  top  and  sides  of 
Crowleys  Ridge. 

CHARACTER  OF  THE  UNDERLYING  STRATA.  .   i 

The  material  underlying  the  surface  hardpan  consists  of  interstratified  beds  oTsands  and 
clays.  The  following  are  typical  well  sections,  which  show  the  relations  of  the  strata 
underlying  the  surface  clay: 


o 

10 
20 
30 
40 
50 
60 
70 
80 
90 
100- 

no 

120 

190 

140 

FlO.  4 


TXipelo. 
Jackson  Countx 


Sand  arid  clay 

Sand 

Hardpan 

Sand 


TootibcrliuSt 
Lonoke  County 

Red  clay 


Sai 


,sr" 


Radandwhrta 
sand 

I  Clay 

Watar-baarina 
aand  ^ 

Clay 

^  Watcn-bearing 


Hasen« 
Pniri^  County 

Ycllowclay 
'^3;'!  Red  clay  and  sand 


Yfyvonc 
Cross  County 


M 


insett  County 


Sanagradina 

into  a  coarse 
gravel  at  botXttf^ 


Black  and  white 
sand^wBterb 

White  sand  and 
grBve^Matcr  bearing 


.—Well  sections  west  of  Crowleys  Ridge  In  Arkansas,  showing  the  variation  of  the  strata  and 
the  source  of  the  well  waters  in  different  localities.    The  Tupelo  section  is  after  Purdue. 


DEPTH  OF  STANDING   SURFACE  WATER. 

The  depth  of  the  water  on  the  lowlands  depends  on  the  amount  of  rain  and  the  eleyation 
of  the  area  compared  to  the  surrounding  country. 

The  average  amount  of  rainfall  of  northeastern  Arkansas  is  usually  between  40  and  50 
inches  a  year.  After  weeks  of  continuous  rain,  especially  in  the  spring,  the  streams  become 
swollen  and  the  water  often  covers  the  lowlands  to  a  depth  of  1  to  10  feet. 

In  May  and  June,  1905,  much  of  the  country  between  Blytheville  and  Jonesboro  was 
covered  with  water  to  a  depth  of  from  6  inches  to  2  feet.  West  of  Crowleys  Ridge,  between 
Jonesboro  and  Wynne,  is  a  flat  swampy  area  which  is  usually  covered  with  a  thin  sheet  of 
water  that  rarely  dries  up  early  enough  in  the  spring  to  permit  cultivation.  In  this  region 
deep-well  drainage  has  been  tried. 

HEIGHT  OF  THE   WATER  TABLE. 

The  height  of  the  water  table  varies  in  different  parts  of  the  area  and  in  different  seasons 
of  the  ye&T.  There  are  in  most  places  three  water  horizons,  the  first  at  a  depth  of  18  to 
20  feet,  the  second  at  from  30  to  40  feet,  and  the  third  at  from  50  to  60  feet.  Water  in 
most  places  is  obtained  at  the  base  of  the  surface  clay  loam. 

During  the  dry  season  of  the  year  the  water  rises  in  the  wells  to  within  12  to  15  feet  of 
the  surface;  in  the  wet  season  it  stands  within  3  to  5  feet  of  the  surface,  and  occasionally 
I  to  the  top. 
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NUMBER  OP   WELLS   NBCB8SART   TO  DRAIN   AN   ACRE. 

The  well  owned  by  Fred  Watkins,  in  Parma  Township,  Jackson  County,  Mich,  (see  p.  — ), 
drains  about  35  acres;  but  this  is  in  the  center  of  a  depression,  and  the  water  has  a  ten- 
dency to  collect  about  the  mouth  of  the  well.  In  Arkansas  the  conditions  are  somewhat 
different.  The  entire  country  on  which  the  water  stands  is  practically  level.  It  is  hardly 
possible  that  one  well  will  drain  so  large  a  territory  where  the  area  is  level.  It  is  estimated 
by  an  experienced  well  digger  at  Harrisburg,  Ark.,  that  it  will  require  about  four  12-  to 
16-inch  wells  to  drain  an  acre,  or  one  well  to  each  quarter  of  an  acre.  This  estimate,  how- 
ever, is  doubtless  too  lai^.  A  fairer  estimate  would  be  one  12-  to  16-inch  well  to  the  acre, 
and  this  would  bring  drainage  within  reach  of  all. 

After  a  period  of  four  to  six  months  the  wells  are  apt  to  become  clogged  and  cease  to 
carry  off  the  water,  but  the  silt  and  debris  can  often  be  removed  from  a  12-  or  16-inch  well 
with  a  sand  bucket  and  the  well  be  restored  to  its  former  carrying  capacity. 

OOST  PER   ACRE. 

The  cost  of  putting  down  the  wells  depends,  of  course,  on  their  depth.  A  12-  to  16-inch 
well  can  be  bored  and  curbed  with  wood  for  50  cents  per  foot.  This  is  the  cheapest  well, 
and  is  doubtless  as  good  as  any  other  for  drainage  purposes.  Wells  of  this  class  usually 
can  easily  be  cleaned  out  with  a  sand  bucket  when  they  become  clogged  with  silt  and 
vegetable  matter. 

The  first  sands  encountered,  immediately  underlying  the  surface  hardpan  or  clay,  are 
sufficiently  porous  to  carry  off  the  surface  waters.  The  hardpan  varies  in  depth  from  10 
to  40  feet  over  the  larger  part  of  the  wet  areas.  The  minimum  cost,  therefore,  of  a  12-  to  16- 
ineh  well,  curbed  with  wood,  is  $5  and  the  maximum  cost  $20.  There  must  be  added  to 
this  the  cost  of  tile,  ditching,  and  laying  of  tile.  The  cost  of  tile  varies  greatly,  according 
to  its  size  and  the  distance  from  the  factory.  An  average  price  for  all  sizes  is  about  112 
per  thousand.  But  the  smallest  tile  would  be  large  enough  to  carry  off  the  water,  and  the 
price  per  thousand  would  therefore  be  much  less  than  $12.  So  far  as  known  no  tile  has 
been  used  in  carrying  water  to  the  drain  wells,  and  the  amount  of  tile  necessary  to  drain 
an  acre  is  not  known. 

VALUE  OF   DRAINAGE. 

When  the  land  is  drained  it  is  very  desirable  for  com,  cotton,  and  alfalfa.  Similar  land 
is  found  in  southeastern  Missouri  east  of  St.  Francis  River,  where  a  large  area  has  been 
drained  by  means  of  canals.  Dredge  boats  were  used  to  open  up  the  main  canals,  at  State 
and  national  expense,  and  the  landowners  then  cut  small  canals  to  drain  into  the  larger 
ones.  The  land,  which  could  have  been  bought  for  from  $1.50  to  $3  an  acre  before  it  was 
drained  is  now  selling  at  from  $50  to  $100  an  acre.  Similar  results  could  be  expected  in 
Arkansas  if  deep-well  or  surface  drainage  could  be  perfected.  Before  the  land  is  drained 
it  is  practically  worthless,  except  in  very  dry  seasons.  After  it  is  thoroughly  drained  it  . 
will  produce  to  the  acre  from  75  to  100  bushels  of  com  or  four  to  five  cuttings  of  about 
1  ton  of  alfalfa  which  readily  sells  for  $10  a  ton. 

RESULTS  OF  EXPERIMENTS. 

Well  drainage  in  Arkansas  has  been  considered  impracticable,  owing  to  the  large  amount 
of  clay  in  the  surface  soil,  which,  when  taken  into  solution  and  permitted  to  enter  the 
well,  silts  up  the  water-bearing  sands  and  prevents  further  escape  of  the  water.  The 
experiments  made  have  not  on  the  whole  been  successful.  No  effort  has  been  made  to 
overcome  the  difficulty,  but  it  could  be  obviated  by  digging  a  series  of  settling  pools  into 
which  the  water  from  the  surrounding  land  could  be  drained  and  permitted  to  settle  before 
it  entered  the  well.  The  number  of  pools  would  depend  on  the  amount  of  clay  in  the  soil. 
The  greater  the  amount  of  clay  the  greater  the  amount  of  material  which  would  be  taken 
into  solution  and  the  more  settling  it  would  require  to  clear  the  water.    Doubtless  two  or 
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three  pools  would  be  a  sufficient  number  to  clear  the  water.  The  water  from  the  sur- 
rounding land  should  be  permitted  to  enter  only  one  of  the  pools  and  then  should  be  coo- 
veyed  to  the  second  and  third  by  means  of  pipes  or  open  troughs  near  the  tops  of  the  pook, 
the  water  flowing  out  of  a  pool  on  the  opposite  side  from  which  it  entered.  In  this  way 
it  w^ould  have  a  chance  to  settle.  The  well  should  be  located  in  the  third  or  last  pool, 
with  the  open  pipe  projecting  upward  near  the  surface  of  the  water.  The  well  should  be 
curbed  to  prevent  the  water  which  enters  it  from  becoming  impregnated  with  clay. 

SANITARY  EFFECTS  OF  WELL  DRAINAGE. 

In  the  United  States  few  experiments  have  been  made  in  regard  to  the  sanitary  effects 
of  draining  surface  waters  into  underground  water  beds,  the  only  authentic  expenment 
being  that  made  by  Mr.  S.  W.  McCallie  at  Quitman,  Ga.,  in  which  he  found  that  there 
was  an  intimate  relation  between  wells  in  the  same  vicinity  deriving  their  waters  from 
the  same  geologic  horizon,  and  that  the  pollution  of  the  first  water-bearing  bed  at  a  depth 
of  123  feet  of  the  surface  likewise  contaminated  the  water  in  the  second  bed  at  a  depth 
of  321  feet. 

Large  bodies  of  stagnant  water  highly  impregnated  with  organic  matter  should  not  be 
drained  into  underground  water  horizons  which  supply  the  wells  of  a  community  with 
drinking  water.  It  is  quite  probable  that  in  northeastern  Arkansas  the  surface  water 
could  be  drained  into  the  first  or  second  sands  from  the  surface,  and  the  drinking  water 
be  obtained  from  a  much  lower  horizon  without  any  injurious  effects. 


TOTAL  AMOUNT  OF  FREE  WATER  IN  THE  EARTH'S  CRUST. 


By  Myron  L.  Fuller. 


INTRODUCTION. 

The  pix>blem  of  the  amount  of  water  in  the  earth's  crust  is  of  paramount  interest  to 
drillers  and  others  seeking  deep  underground  supplies,  as  well  as  to  those  interested  in  the 
problems  of  underground  circulation  a3  affecting  mining.  Probably  no  other  question  is 
so  frequently  asked  in  the  field  as  that  in  regard  to  the  water  zone  which  most  people  sup- 
pose to  exist  somewhere  below  the  surface  and  which  they  invariably  believe  will  always 
be  found  if  a  well  only  "  goes  deep  enough.^'  The  present  paper  considers  the  subject  of  the 
total  free  water  in  rocks  of  various  types,  incidentally  showing  the  absence  of  the  immense 
"undei^round  lakes''  of  popular  imagination. 

By  free  water  is  meant  the  water  which  occupies  the  joints,  solution  passages,  pores,  or 
other  openings  of  the  rock.  It  should  be  carefully  distinguished  from  the  chemically  com- 
bined water  in  the  minerals  of  the  rocks.  The  free  water  is  present  in  the  form  of  a  liquid 
which  possesses  a  more  or  less  definite  circulation  even  in  the  densest  rocks,  while  the  water 
in  combination  is  not  in  liquid  form,  but  is  a  part  of  the  mineral  compound  itself.  The  free 
water  should  also  be  distinguished  from  the  available  water,  since  some  materials,  like  clay, 
hold  great  quantities  of  water  and  yet  often  give  up  only  insignificant  amounts.  It  is  in 
fact  possible  for  a  rock  to  hold  35  or  40  per  cent  of  water  and  yet  yield  almost  none  to  a 
pump;  that  is,  almost  none  of  its  water  is  available. 

From  the  nature  of  the  case  the  discussion  necessarily  deals  with  average  conditions,  as 
local  conditions  vary  so  greatly  and  so  rapidly  that  generalizations  of  value  can  not  be  made 
from  isolated  regions.  While  it  is  believed  that  the  present  estimate  of  the  amount  of 
underground  water  is  fairly  close  for  the  earth  as  a  whole,  it  is  to  be  expected  that  the 
aaiount  in  certain  materials  and  at  certain  localities  will  depart  considerably  from  the  figures 
given. 

PREVIOUS  ESTIMATES. 

ESTIMATE  OF  DELES8E. 

Of  the  many  estimates  of  the  total  ground  water  that  of  Delesse  a  is  among  the  most  widely 
quoted,  possibly  because  of  the  striking  results  reached.  The  estimate  is  based  on  the 
assumption  that  the  water  in  locks  diminishes  from  5  per  cent  of  their  weight  or  12^  per 
cent  of  their  volume  at  the  surface  to  nothing  at  a  depth  of  6  miles,  and  that  water  may  exist 
in  liquid  form  at  a  temperature  of  600^  C,  which  was  considered  as  equivalent  to  a  depth 
of  18,500  meters.  Under  these  conditions  the  amount  of  ground  water  is  calculated  as 
1,175,089  million  million  cubic  meters  or  1,530,000  million  million  cubic  yards,  which  is 
equivalent  to  g  J^  of  the  earth's  volume  or  to  a  sheet  water  over  7,500  feet  thick  surroundmg 
the  earth. 

ESTIMATE  OP   SLIGHTER. 

Of  the  attempts  made  in  America  to  estimate  the  total  ground  water  since  a  definite 
knowledge  of  the  porosities  of  rocks  has  been  available  that  of  C.  S.  Slichter  f>  is  among  the 
most  notable.  The  amount  postulated,  though  less  than  half  that  of  Delesse,  is  still  im- 
mense, being  equivalent  to  a  uniform  sheet  from  3,000  lo  3,500  feet  in  thickness. 

a  Delesse,  Achiiie,  Bull.  Soc.  gtel.  France,  2d  der.,  vol.  19, 1861,  p.  64. 

t>  Motions  of  underground  waters:  Water-Sup.  and  Ur.  Faper  rlo.  67,  U.  Q.  Geol.  Survey,  1902,  p.  14. 
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As  a  basis  for  his  estimates  Slichter  has  taken  the  results  of  L.  M.  HoskiDs^a  aocidentallj 
crediting  them,  however,  to  C.  R.  Van  Hise,b  whose  statements  were  in  reality  based  on  the 
calculations  of  Hoskins.  These  calculations,  to  sunmiarize  them  briefly,  -tended  to  show 
that  cavities  can  not  exist  at  depths  of  more  than  6,520  meters  when  water  free,  or,  where 
occupied  by  waters  under  hydrostatic  pressure,  at  depths  of  more  than  10,350  meters. 

Slichter  says: 

The  writer  estimates  the  entire  amount  to  be  about  565,000  million  million  cubic  yards,  or  about 
430.000  million  million  cubic  meters.  He  has  arrived  at  this  result  by  considering  that  the  geolo^ 
limit  of  the  existence  of  ground  water  is  at  an  average  depth  of  6  miles  below  the  surface  of  the  land  and 
5  miles  below  the  floor  of  the  ocean.  The  land  surface  and  water  surface  he  has  assumed  to  be  52j000,000 
square  miles  and  144,700,000  square  miles,  respectively.  The  average  pore  space  of  the  surface  rocks 
which  is  occupied  by  water  or  moisture  he  has  taken  as  10  per  cent  of  their  total  volume.  Ue  brieves 
that  the  estimate  of  10  per  cent  is  too  large  rather  than  too  small.  It  forms,  however,  a  convenient 
basis  for  the  estimates. 

According  to  these  estimates,  the  total  amount  of  underground  water  is  sufllclent  to  cover  the  entire 
surface  of  the  earth  to  a  uniform  depth  of  from  3,000  to  3,500  feet.  Assuming  a  mean  depth  of  the  ocean 
of  12,000  feet  leads  to  the  conclusion  that  the  total  amount  of  oceanic  water  is  about  1,800,000  million 
million  cubic  yards,  so  that  the  total  quantity  of  ground  water  is  nearly  one-third  the  amount  of  the 
oceanic  water. 

ESTIMATE  OF   VAN   HISB.C 

Van  Rise's  estimate  is  the  most  moderate  yet  made.  Taking  one-fifth  of  Dana's  estimate  <* 
(2.67  per  cent  of  the  weight  of  the  rock)  of  the  amount  of  water  in  the  rocks  at  the  surface 
and  assuming  the  pore  space  to  diminish  to  zero  at  the  lower  limit  of  the  zone  of  fracture  at 
10,000  meters,  he  obtained  an  average  porosity  of  0.69  per  cent,  which  would  be  equivalent 
to  a  sheet  69  meters,  or  226  feet,  thick  over  the  continental  areas.  No  computations  were 
made  regarding  the  oceanic  areas. 

ESTIMATE  OF  CUAMBEBLIN   AND   SALISBURY. 

The  estimate  of  T.  C.  Chamberlin  and  R.  D.  Salisbury,  <^  while  not  based  on  anything  like 
a  complete  analysis  of  the  problem  and  not  claimed  to  be  of  the  nature  of  a  measurement,  is 
of  interest  in  connection  with  the  discussion. 

The  estimate  is  based  on  the  assumption  that  the  average  porosity  of  rocks  is  between  5 
and  10  per  cent  of  their  volume  at  the  surface  and  decreases  to  0  at  a  depth  of  6  miles.  With 
the  lower  value,  giving  an  average  porosity  of  2 J  per  cent,  the  water  in  the  earth  would  be 
equivalent  to  a  layer  800  feet  deep  over  its  entire  surface,  while  with  an  assumed  porosity  of 
5  per  cent  it  would  form  a  layer  1,600  feet  in  depth. 

FACTORS  IN  ESTIMATES  OF  UNDERGROUND  WATERS. 

GENERAL   STATEMENT. 

As  a  more  intimate  knowledge  of  the  occurrence  of  subterranean  waters  of  the  United 
States  has  been  obtained  through  the  work  of  the  division  of  the  Geological  Survey  dealing 
with  underground  waters,  it  has  become  clear  that  the  problem  is  not  as  simple  as  has  been 
postulated  by  previous  writers.  Not  only  are  there  certain  factors  affecting  the  problem 
which  are  not  taken  into  account  in  earlier  computations,  but  a  more  careful  analysis  of  the 
data  appears  to  show  that  a  closer  approximation  can  be  made  in  the  values  of  the  factors 
used.  It  is  believed  that  the  pore  space  of  the  rocks  has  been  overestimated  and  that  the 
assumptions  as  regards  complete  saturation  are  incorrect.  This  has  resulted,  it  is  thought, 
in  estimates  considerably  in  excess  of  the  true  amount. 

The  more  important  factors  affecting  the  estimates  are  considered  in  detail  below.  Noth> 
ing  need  be  said  in  regard  to  temperature,  which  was  once  thought  to  be  a  limiting  factor 
to  the  penetration  of  water,  as  it  has  been  shown  and  is  now  well  known  that  the  increase 

a  Flow  and  fracture  of  rocks  as  related  to  structure:  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survev,  pt. 
1 .  1896,  pp.  845-875. 

ft  Principles  of  North  American  pre-Cambrian  geolog^':  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survev.  pi. 
1 ,  1896,  p.  593. 

f  Van  HIse,  C.  R.,  a  treatise  on  metamorphlsni :  Mon.  U.  S.  Geol.  Survey,  vol.  47,  1904,  pp.  128-129, 
570-571. 

d  Dana,  J.  D.,  Manual  of  Geology,  4th  ed.,  1895,  pp,  205,  311. 

«  Geology,  vol.  1,  pp.  206-207. 
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of  presBure  is  sufficient  to  prevent  the  conyersion  of  the  water  into  steam  at  temperatures 
under  the  critical  temperature,  beyond  which  point,  although  a  gas,  the  behavior  of  the 
water,  so  far  as  its  relations  to  the  rocks  are  concerned,  differs  but  little  from  its  behavior 
below  the  critical  temperature,  since  it  is  far  below  the  depth  of  critical  pressure. 

poROsmr  OF  rocks. 

The  absorptive  capacities  of  rocks  are  commonly  expressed  in  terms  either  of  porosity  or 
of  the  ratio  of  absorption.  The  first  may  be  defined  as  the  percentage  of  pore  space,  while 
the  second  is  the  ratio  between  the  weight  of  water  absorbed  and  the  weight  of  the  rock 
tested.  The  relationship  between  porosity  and  ratio  of  absorption  is  not  constant,  but 
varies  with  the  specific  gravity  of  the  rock.  The  tendency  of  the  most  advanced  workers 
is  to  state  porosity  rather  than  the  ratio  of  absorption,  but  in  the  table  given  below,  with 
the  exception  of  the  determinations  credited  to  Buckley,  all  figures  represent  recalculations 
from  the  ratios  of  absorption.  The  determinations  of  Buckley  are  the  most  recent  and  are 
probably  the  most  accurate  of  those  quoted,  but  being  limited  to  the  rocks  of  a  single  State 
are  in  some  ways  not  so  representative  as  those  taken  from  the  book  of  Professor  Merrill, 
in  which  the  results,  which  appear  to  have  been  the  work  of  several  different  laboratories, 
cover  a  wider  range  of  rock  types.  Unfortunately  part  of  the  ratios  of  absorption  are  ex- 
pressed as  decimals  and  part  as  common  fractions,  but  no  explanations  are  given.  The 
common  fractions  only  have  been  used  in  the  present  computations,  as  the  decimals  taken  as 
they  are  expressed  in  the  book  give  results  manifestly  incorrect. 

In  connection  with  the  figures  credited  to  Delesse  and  Geikie  it  should  be  stated  that,  in 
the  absence  of  statements  of  the  specific  gravity  of  the  specimens  tested,  this  has  been 
assumed  throughout  to  be  2.65. 

Porosity  ofrodu. 


Rock. 

Authority. 

Number 
of  tests. 

Mini- 
mum. 

Maxi- 
mum. 

Average 
or  mean. 

Remarks. 

Gnmitc,  schist,  and 
gnipsfl. 

Do 

Buckley  a 

14 

22 

1 
2 

1 

IS 

0.019 
.37 

0.56 
1.85 

0.16 

1.2 
.84 

1.01 
.52 

15.89 

10.22 

.8 

.21 

3.95 

4.  a? 

53 

7.18 
2.64 

35 

38 
45 
53 

55 

Wisconsin  rocks  only. 

Morrlllft 

Gabbro 

..  ..do 

Dlabaoe      

do 

.90 

1.13 

Ohflidlap 

Delesse  e 

Spedflc     gravity     not 

Buckleya 

4.81 
3.46 

28.28 
22.8 

given. 
Mainly  brownstones. 

Do 

Merrill  fc 

Quflrtrlt^ » » .  r 

do 

1 

Do 

Olekled       .  .  .  . 

Specific     gravity     not 

SIat«  aod  sbalf^ ... 

Delesse^ 

2 
11 

.49 
.53 

7.55 
13.36 

given. 

T  JniA«tnTio.  marble . 

Buckley  « .  . 

and  dolomite. 
Chalk 

Gelklerf 

Spedflc     gravity     not 

Oolite 

Merrill^ 

8 

3.28 
1.32 

35 
44 

12.44 
3.96 

47 

40 
47 

given. 
Indiana  stone  only. 

G  VDSum 

0««|V1nd.. 

Specific     gravity     not 

Sand  (uniform) 

Sand  (mixture).... 
Clav     

King< 

Many... 

....do... 
....do... 

given. 
Theoretical      porosity; 

do 

do 

actual  results  similar. 

Do 

Geikie  <i 

Specific     gravity     not 

Soils 

tJ.  S.  Dopt.  Agr . . . 

Many... 

45 

66 

given 
Common  range. 

a  Buckley,  E.  R.,  Building  and  ornamental  stones  (of  Wisconsin):  Bull.  Wisconsin  Geo!.  Survey 
No.  4,  1898,  pp.  400-403. 

ft  Merrill,  O.  P.,  Stones  for  Building  and  Decoration,  Appendix. 

c  Delesse,  A.,  Bull.  Soc.  g6oL  France,  2d  ser.,  vol.  19, 1862,  p.  64. 

d  Geikie,  A.,  Text-book  of  Geology,  vol.  1,  p.  410.  ^^,  ^^  ^        ^     ^ 

«  King,  F.  H.,  Principles  and  conditions  of  the  movements  of  ground  water:  Nineteenth  Ann.  Rept. 
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THI0KNE88  OF  SEDIMENTS. 

Evidence  of  sedions. — From  the  nature  of  their  occurrence  it  is  usually  very  difficult  to 
obtain  any  accurate  idea  of  the  thickness  of  the  sedimentary  rocks,  especially  in  the  flatter 
portions  of  the  surface  where  the  outcrops  are  often  covered  by  drift  or  by  mantles  of 
residual  soil.  In  mountainous  regions,  especially  where  the  rocks  are  strongly  folded  or 
upturned  in  great  monoclines,  immense  thicknesses  are  sometimes  exposed.  A  single 
section  recently  measured  by  C.  D.  Walcott  in  Montana  shows  about  40,000  feet  of  pre- 
Cambrian  shales  and  limestones.  The  sediments  in  eastern  Pennsylvania  have  also  been 
estimated  by  some  to  attain  a  similar  thickness,  but  in  the  western  portion  of  the  State 
they  arc  probably  not  much  over  a  mile  thick.  In  Europe  the  sediments  in  the  Alps  are 
estimated  by  Judd  to  have  a  thickness  of  nearly  8  miles,  and  it  is  not  iraposaible  that  as 
great  or  greater  thicknesses  are  exposed  in  other  mountain  masses. 

Evidence  cf  faults. — ^The  evidence  of  faults  is  of  interest  in  this  connection,  for  by  them 
sediments  previously  deeply  buried  have  frequently  been  brought  to  the  surface.  The 
thickness  exposed  is  generally  much  less  than  that  shown  in  folded  regions,  for  the  great- 
est faults,  such  as  those  of  the  Appalachians  of  this  country — one  of  which  is  estimated 
to  have  a  displacement  of  5  miles — are  often  inclined  at  a  low  angle  to  the  horizon  and  the 
thickness  of  sediments  elevated  is  relatively  slight.  Even  if  the  greatest  faults  yet  recog- 
nized w^ere  vert  ical  the  strata  brought  up  would  be  thinner  than  in  sections  such  as  those 
measured  by  Walcott  in  Montana. 

Evidence  of  borings. — While  even  in  the  case  of  the  deepest  borings  only  a  little  over  a 
mile  of  sediments  has  been  penetrated,  they  are  of  interest  as  furnishing  accurate  data 
concerning  the  underlying  beds  at  the  points  at  which  they  are  driUed.  The  deepest 
wells  are  those  sunk  in  Germany,  South  Africa,  and  the  United  States,  the  maximum  depths 
reached  being  6,572,  5,582,  and  5,575  feet,  respectively.  There  are,  however,  many  deep 
wells  in  other  localities. 

Estimates  oftctal  thickness. — Of  the  various  estimates  of  the  thickness  of  the  sedimentaiy 
beds,  one  of  the  eari'est  to  be  widely  quoted  was  that  made  by  J.  D.  Dana  a  in  1875.  He 
estimated  the  thickness  of  the  sediments  over  the  land  area  as  not  exceeding  5  miles, 
which  would  be  equivalent  to  1.3  miles  over  the  whole  surface.  A  few  years  later  T.Mil- 
lard Reade  stated  b  that  a  moderate  estimate  of  the  sedimentary  crust  of  the  earth  is 
10  miles,  but  on  a  later  page  c  says  it  may  safely  be  provisionally  assumed  that  the  actual 
average  thickness  of  the  sedimentary  crust  of  the  globe  is  not  less  than  a  mile,  an  csstimate 
very  similar  to  Dana's. 

In  1894  G.  K.  Gilbert,'^  from  a  study  of  the  chemical  analyses  summarized  by  F.  W. 
Clarke  *  and  of  the  composition  of  sea  water,  calculated  the  amount  of  crystalline  rocks 
necessary  to  furnish  the  sodium  of  the  ocean.  His  conclusions  were  "that  somewhat 
more  than  a  mile  in  thickness  of  crystalline  rocks  upon  areas  equal  to  all  the  present  land 
of  the  globe  must  have  been  worked  over  to  give  our  sedimentary  rocks."  Allowing  for 
an  increase  of  one-third  in  volume,  this  would  be  equivalent  to  1 J  miles  of  sediments  over  the 
land  or  about  one-third  of  a  mile  over  the  whole  surface.  Nothing  is  said  of  the  sodium 
locked  up  in  undocomposed  crystalline  fragments  in  the  sediments,  as  in  the  Carboniferous 
conglomerates  and  in  the  arkose  sands  of  the  Potomac  (Cretaceous),  as  well  as  in  smaller 
quantities  in  nearly  all  sedimentary  rocks.  If  this  was  not  considered  in  the  estimate 
something  sliould  be  added  to  the  figures  given  by  Gilbert,  but  in  any  case  it  is  clear  that 
the  result  would  be  something  less  than  half  a  mile  of  sediments  over  the  whole  surface 
of  the  earth. 

Recently  F.  W.  (Marke  has  made  a  similar  calculation  on  the  basis  of  the  sodium  chloride 
in  sea  water,  rt»arhing  the  conclusion  that  the  total  thickness  of  the  sediments,  if  distributed 


a  Manual  of  Goology,  2d  oil.,  1875.  p.  (>o7, 

fr  Chemical  Donudaiioii  in  Uolation  lo  (leologic  Tirao,  1879,  p.  29. 

cOp.  cit.,p.  53. 

d  The  cheinjcul  equlvalenc«  of  crystalline  and  sedimentary  rocks:  Am.  Geologist,  vol.  13,  18M,  pp. 

<  Biiil.  U.  S.  Geol.  Survey,  No.  78,  1891,  pp.  34-42. 
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over  the  earth's  surface  as  a  whole,  would  he  only  ahout  half  a  mile.  The  details  of  the 
calculation  and  the  results  will  be  published  soon. 

C.  R.  Van  Hise,  in  his  Treatise  on  Metamorphism^a  after  quoting  previous  writers, 
estimates  the  thickness  of  the  metamorphosed  sediments  at  2  kilometers  (IJ  miles)  over 
the  land  surface,  which  is  equivalent  to  three-tenths  of  a  mile  over  the  entire  surface  of 
the  earth. 

In  view  of  the  fact  that  later  refined  investigations  have  shown  that  the  thickness  of 
sedimentary  series  encountered  in  the  field  has  been  almost  invariably  overestimated  when 
first  studied,  it  seems  probable  that  the  figures  given  by  the  earlier  writers  must  be  con- 
sidered in  general  as  representing  maximum  estimates,  especially  as  considerable  thick- 
nesses of  sediments  have  sometimes  been  postulated  beneath  the  ocean  deeps.  The  best 
evidence  seems  to  show,  however,  that  except  in  the  continental  platforms  and  their 
extensions,  the  deposits  of  the  ocean  may  be  neglected  in  rough  computations  of  the  thick- 
ness of  sediments. 

It  is  believed  that,  in  view  of  the  general  tendency  to  overestimate  the  thickness  of 
exposed  rock  series  and  the  great  areas  in  which  crystalline  rocks  constitute  the  surface,  the 
estimates  postulating  a  thickness  of  sediments  of  from  three-tenths  to  one-half  mile  over 
the  whole  earth's  surface  are  most  probable.  In  the  present  paper  the  writer  has  taken 
approximately  one-half  mile,  or  2,600  feet,  as  a  conservative  estimate  of  the  thickness  of 
the  unaltered  sediments. 

PROPORTIONS  OF  THE   VARIOUS  SEDIMENTS. 

Summary  of  estimates. — A  number  of  interesting  estimates  of  the  proportions  of  the 
various  sediments  have  been  made.  Readc,b  in  his  study  of  the  chemistry  of  sea  and 
river  waters,  estimated  a  thickness  of  528  feet  of  limestone.  Dana,c  apparently  from 
general  stratigraphic  data,  estimated  the  thickness  of  limestone  as  1,000  feet.  Gilbert,^ 
as  a  result  of  his  chemical  studies,  estimated  the  limestones  to  comprise  19  per  cent,  the 
shales  42  per  cent,  and  the  sandstones  39  per  cent  of  the  sedimentary  beds. 

Van  Hise,^  after  pointing  out  several  sources  of  error  in  the  calculations  of  Reade,.  com- 
putes the  proportion  of  limestones  on  the  basis  of  the  depletion  of  calcium  oxide  in  the  sand- 
stones and  shales  as  compared  with  the  original  rocks/  and  reaches  the  conclusion  that 
an  estimate  of  5  per  cent  of  the  mass  of  sediments  for  limestones  is  as  near  the  truth  as 
can  be  made  at  the  present  time.  The  shales  are  estimated  to  comprise  65  per  cent  anA 
the  sandstones  30  per  cent  of  the  total  thickness  of  metamorphosed  sediments. 

Tlu  writer's  estimate. — It  is  believed  by  the  writer  that  Van  Hise's  estimate  of  the  lime- 
stone will  prove  to  be  somewhat  too  low,  while  that  of  Gilbert  may  be  slightly  high.  In 
the  deposits  of  this  country,  which  may  be  taken  as  fairly  typical,  shales  almost  every- 
where predominate  over  sandstones.  Even  in  the  Carboniferous  rocks  of  the  Appalachian 
r^on,  where  the  sandstones  reach  a  great  development,  they  probably  do  not  comprise, 
more  than  40  per  cent  of  the  whole.  For  the  purposes  of  the  present  discussion  the  following 
values  are  assumed:  Sandstone  40  per  cent,  shales  50  per  cent,  aud  limestone  10  per  cent. 

DEPTH   OF  ZONE   OF   FRACTTURB. 

As  already  pointed  out  (p.  60),  the  studies  of  L.  M.  Hoskins  have  shown  that  in  rocks  of 
ordinary  specific  gravities  cavities  free  from  water  can  not  exist  at  depths  of  more  than 
6,520  meters,  or  where  occupied  by  waters  under  hydrostatic  pressure  at  depths  of  more 
than  10,350  meters.  Rock-inclosed,  liquid-filled  cavities  can,  however,  exist  to  an  indefi- 
nite depth  at  which  water  and  rocks  are  miscible  in  all  proportions.  As  this  is  in  no  sense 
free  ground  water  it  need  not  be  considered  in  the  present  discussion. 


oMon.  U.  8.  Geol.  Survey,  vol.  47,  1904,  p.  039. 

b  Chemical  Denudation  in  Relation  to  Geologic  Time,  p.  53. 

c  Manual  of  Geologj',  2d  cd.,  p.—. 

J  Am.  Geologist,  vol.  13,  1894,  pp.  213-214. 

«  Men.  U.  S.  Geol.  Survey,  vol.  47, 1904,  p.  941. 

/  Op.  cit.,  pp.  990-^1. 
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The  results  of  drilling  in  sedimentary  and  crystalline  rocks,  as  well  as  studies  of  deep 
mines,  show  that  in  all  probability  water  does  not  commonly  exist  in  the  rocks  under  great 
hydrostatic  pressure,  although  such  may  be  exerted  in  an  occasional  crevice.  It  is  not 
believed  that  hydrostatic  waters  exist,  except  possibly  in  rare  instances,  at  depths  of  over 
10,000  feet,  and  it  is  almost  certain  that  water  plays  no  part  in  preventing  the  closiiig  of 
cavities  and  that  in  reality  the  estimate  of  a  depth  of  6,520  meters,  or  20,000  feet,  as  the 
limit  of  the  zone  of  open  cavities  is  closely  approximate  to  the  truth. 

Beneath  the  land,  then,  it  seems  safe  to  assume  that  all  physical  pores  are  closed  at  a 
depth  of  about  20,000  feet,  but  under  the  sea  the  conditions  are  different.  The  average 
depth  of  the  ocean  is  estimated  at  14,000  feet,  and  since  the  ratio  of  its  specific  gravity  to 
that  of  the  rocks  is  approximately  1  to  2.65,  it  follows  that  the  pressure  at  a  depth  of  20,000 
feet  will  be  considerably  less  than  at  a  similar  depth  on  the  land.  In  reality  it  is  only 
where  a  depth  of  28,700  feet  from  sea  level  is  reached  that  all  cavities  will  become  closod. 
Of  this  depth,  as  has  been  seen,  14,000  feet  are  of  water,  hence  the  rock  within  the  zone  of 
fracture  has  a  thickness  of  only  14,700  feet. 

Assuming  17,400  feet  (20,000  minus  2,600  feet,  the  thickness  of  the  sediments)  as  the 
thickness  of  the  crystalline  rocks  in  the  zone  of  cavities  over  the  land  (one-fourth  of  the 
earth's  surface)  and  14,700  feet  as  the  thickness  beneath  the  sea  (three-fourths  of  the  sur- 
face) we  obtain  an  average  thickness  of  15,375  feet. 

DEPTH   OP  ACTIVE   CIRCULATION. 

Evidence  of  thermal  springs. — The  evidence  of  thermal  springs  as  to  the  depth  of  pene- 
tration of  waters  is  of  considerable  interest.  Notwithstanding  the  numerous  and  profound 
faults  and  the  even  more  numerous  joints,  we  have  in  this  country,  outside  of  what  may 
be  considered  as  igneous  regions,  or  regions  of  very  recent  disturbance,  only  a  few  s<*at~ 
tered  examples  of  hot  springs,  the  Georgia,  Virginia,  North  Carolina,  and  Arkansas  springs 
being  about  the  only  examples  of  note.  These  conditions  are  similar  to  those  prevailing 
on  other  continents.  If  waters  were  freely  circulating  at  great  depths  within  the  zone  of 
fracture,  hot  springs  would  certainly  be  more  common  along  the  numerous  faults  or  joints 
of  the  Piedmont,  Appalachian,  and  similar  regions. 

Again,  the  temperature  of  the  springs  appears  to  indicate  an  essentially  superficial  origin. 
Tests  made  on  w^ells  by  the  writer  show  that  with  a  steady  and  moderately  rapid  flow  of 
wa'ter  through  a  pipe  with  a  diameter  of  one-half  inch  the  change  in  temperature,  due  to 
a  difference  of  15°  in  that  of  the  surrounding  material,  amounted  to  only  about  1°  for  1,000 
feet.  It  is  therefore  clear  that  the  temperature  of  the  larger  warm  springs,  if  undiluted 
by  the  ingress  of  surface  water,  would  be  essentially  that  which  they  possessed  at  the  point 
of  heating.  In  most  instances,  however,  there  will  probably  be  some  dilution,  but  in  no 
case  could  any  copious  circulation  from  great  depths  take  place  without  its  being  felt  in 
the  temperature  of  the  springs. 

Springs  with  a  temperature  of  over  150°  F.  are  rare,  if  they  occur  at  all  outside  of  igneous 
regions.  As  this  temperature  represents  only  a  depth  of  5,000  feet  on  the  basis  of  an  incne- 
ment  of  1°  to  each  50  feet  of  depth,  it  is  readily  seen  that  we  have  ordinarily  no  truly  deep- 
seated  springs  whatever.  Springs  at  the  boiling  point  would  represent  a  depth  of  only 
about  8,000  feet.  The  rarity,  even  in  igneous  regions,  of  solfataras  and  fumaroles,  which 
in  some  cases  may  be  considered  to  represent  waters  approaching  the  surface  at  a  temper- 
ature of  more  than  212°,  is  of  significance. 

Evidence  of  deep  mines. — There  are  two  quite  diverse  views  held  in  regard  to  the  signifi- 
cance of  the  evidence  afforded  by  mines  as  to  underground-water  conditions,  one  being 
that  they  show  the  waters  to  increase  in  amount  with  depth,  and  the  other  that  the  cir- 
culating waters  are  largely  of  meteoric  origin  and  are  essentially  superlicial.  This  diversity 
of  opinion  is  the  natural  result  of  a  familiarity  with  a  certain  class  of  mines  to  the  exclusion 
of  others.  In  many  instances  tlie  conditions  as  regards  the  ground  waters  are  controlled 
by  accidents  of  topography,  especially  m  the  case  of  the  shallow  mines,  the  evidence  pre- 
sented by  which  is,  in  fact,  of  slight  value.  In  order  to  bring  out  the  general  underground- 
water  conditions,  the  following  summary  of  the  conditions  in  the  deeper  mining  districts 
has  been  prepared,  together  with  statements  of  the  character  of  the  rock  and  topography: 
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An  examination  of  the  foregoing  table  will  show  a  considerable  range  of  conditions  as 
regards  the  occurrence  of  undei^round  waters  in  mines.  Certain  generalizations,  how- 
ever, can  be  made.  For  instance,  it  appears  that  in  the  deep  mines  in  the  crystalline  rocks 
of  the  eastern  portion  of  the  country,  in  which  there  has  been  no  igneous  activity  since 
early  geologic  times,  water  is  rarely  found  below  the  60Q-foot  level,  the  mines  in  some 
instances  being  practically  dry  from  surface  to  bottom. 

In  the  West,  where  igneous  activity  is  more  recent,  the  underground  waters  are  more 
abundant,  especially  where  the  rocks  are  severely  shattered,  as  in  the  Colorado  mines, 
where  much  water  occurs,  even  at  the  lowest  levels.  In  the  Arizona  mines  there  is  con- 
siderable water  locally  along  faults,  although  the  amount  in  other  portions  of  the  rock  is 
not  usually  excessive.  In  the  Mother  Lode,  California,  water  occurs  in  such  slight  amounts 
that  it  can  be  hoisted  with  the  ore  without  pumping,  although  the  workings  reach  a  depth 
of  2,700  feet.  In  Nevada  City  and  Grass  Valley,  Cal.,  and  in  some  of  the  Montana  mines 
the  water  is  generally  confined  to  the  upper  1,000  feet.  In  other  of  the  Montana  mines, 
however,  local  water-bearing  fissures  or  solution  channels  oc^ur  to  depths  of  at  least  1,600 
feet.  The  mass  of  the  rock,  however,  is  relatively  free  from  water.  In  three  of  the  fifteen 
districts  included  in  the  table  water  occurs  in  abundance  without  much  diminution  to  the 
bottom  of  the  workings.  In  four  it  occurs  in  abundance,  at  least  locally,  up  to  a  depth  of 
1,500  feet.  In  the  remaining  eight,  or  more  than  half  of  the  deep  mines,  there  is  a  general 
absence  of  water  below  the  1 ,000-f oot  level. 

Evidence  of  deep  borings. — The  nonsaturation  of  the  rocks  at  many  localities  is  clearly 
brought  out  by  deep  borings.  For  instance,  a  well  recently  reported  to  the  writer  was  sunk 
to  a  depth  of  over  1,000  feet  in  limestones  near  Lexington,  Ky.,  without  finding  any  water 
whatever.  Another  conspicuous  example  is  the  widely  quoted  well  sunk  by  the  Wheeling 
Development  Company  4  miles  southeast  of  Wheeling,  in  which  the  lower  1,500  feet  were 
drilled  in  absolutely  dry  rock.  Still  other  examples  are  the  deep  wells  sunk  at  North- 
ampton, Mass.,  to  a  depth  of  4,022  feet,  and  the  4,000-foot  well  reported  to  have  been  sunk 
in  red  sandstone,  etc.,  at  New  Haven,  by  the  Winchester  Repeating  Arms  Company,  both 
of  which  failed  to  obtain  water. 

This  absence  of  water  is,  moreover,  not  due  to  lack  of  porous  rock,  as  shown  by  the  two 
wells  last  mentioned  and  by  the  W.  J.  Bryan  well  No.  11,  Aleppo  Township,  Greene  County, 
Pa.  This  well  is  3,397  feet  deep  and  is  cased  to  3,110  feet,  which  represents  the  last  water. 
Below  the  casing,  however,  were  found  the  Thirty  Foot,  Fifty  Foot,  and  Gordon  sands,  20, 
60,  and  18  feet  in  thickness,  respectively,  making  a  hundred  feet  of  porous,  but  perfectly  dry 
sandstones.  The  depth  at  which  water  was  found  in  this  well  is  greater  than  the  normal, 
no  fresh  water  being  found  in  many  wells  beyond  a  depth  of  500  feet. 

Examples  of  wells  failing  to  encounter  water  at  great  depths  might  be  multiplied  indefi- 
nitely, for  wells  in  which  water  has  to  be  poured  for  the  purposes  of  drilling  are  of  everyday 
occurrence.  The  above  specific  citations,  however,  are  sufficient  to  show  the' nature  of  the 
evidence.  Considerable  light  is  also  thrown  by  wells  on  the  nature  of  the  crevices,  including 
both  solution  passages  and  actual  or  potential  openings  along  joint  and  fault  planes,  which 
are  frequently  encountered  in  rocks  of  all  types.  Frequently  the  joints  are  open  or  are 
bordered  by  sufficiently  disintegrated  material  to  cause  the  drill  to  "jam."  Notwithstand- 
ing all  this,  many  cany  no  water  whatever,  although  others  may  carry  considerable.  The 
theory  of  the  cementing  of  the  portion  of  the  joint  planes  near  the  surface,  as  advanced  by 
G.  O.  Smith  a  to  explain  the  artesian  conditions  in  crystalline  rocks  near  York,  Me.,  may 
also  offer  an  explanation  of  the  absence  of  water  in  certain  joints. 

It  is  well  recognized  by  those  who  have  investigated  the  occurrence  of  underground 
waters  in  crystalline  rocks  that  joints  sufficiently  open  to  constitute  water  passages  are 
almost  unifonnly  a  surface  feature.  While  it  is  true  that  a  water-bearing  joint  was  encoun- 
tered at  1,160  feet  in  the  deep  Atlanta  well,&  no  more  were  found,  although  the  well  was 


•  Water  refloaices  of  the  Portsmouth- York  region,  New  Hampshire  and  Maine:  Water-Sup.  and 
Irr.  Paper  No.  146,  U.  S.  Geol.  Survey,  1905,  pp.  120-128. 
^McCaUie,  8.  W.,  Arteslan-woll  system  of  Georgia:  Bull.  Qeol.  Survey  of  Georgia  No.  7, 1888,  p.  20& 
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continued  to  2|175  feet,  and  in  general  investigators  are  agreed  that  it  is  not  advisaUe  to 
drill  more  than  a  few  hundred  feet  into  crystalline  rocks  in  search  of  water.  J.  A.  HoliDes  a 
concluded,  from  investigations  in  the  Piedmont  area  of  crystalline  rocks  in  North  and  South 
Carolina,  that  the  chance  for  obtaining  water  in  deep  wells  was  about  one  in  ten. 

The  present  writer  has  stated^  in  an  earlier  publication,  as  a  result  of  his  experience 
with  wells  in  granites,  gneisses,  and  schists,  that  water  supplies,  if  obtained  in  these  at  all. 
are  usually  found  within  200  or  300  feet  of  the  surface  and  that  it  is  generally  useless  to  go 
deeper  than  500  feet.  These  views  have  received  substantial  corroboration  through  the 
detailed  work  of  E.  E.  Ellis  on  the  occurrence  of  water  in  the  crystalline  rocks  of  Ctm- 
necticut.  His  investigations,  which  are  summarized  on  pages  19-2S  of  this  report,  show 
that  practically  all  supplies  are  obtained  at  depths  not  greater  than  250  feet. 

Evidence  of  drift  vxUers. — Not  only  do  the  consolidated  rocks,  as  outlined  in  the  preced- 
ing section,  in  many  cases  fail  to  carry  water  even  where  porous,  but  many  very  porous 
unconsolidated  sediments  are  free  from  water,  even  where  below  the  water  table.  Many 
examples  were  encountered  in  the  300  artesian  localities  in  Michigan  examined  by  Frank 
Leverett  and  others  for  the  United  States  Geological  Survey  in  1904.  One  of  the  most 
conspicuous  examples  is  that  found  in  the  extensive  sand  plain  at  Clinton,  Mass.,  in  which 
many  hundreds  of  borings  were  made  in  connection  with  the  construction  of  dikes  for  the 
big  metropolitan  reservoir.  These  borings  developed  a  normal,  gently  sloping  water  table 
in  sand.  Below  the  sand  an  impervious  clay  was  encountered,  while  below  the  clay  was 
found  a  ''hard-packed"  sand  destitute  of  water.  The  same  feature  was  brought  out 
repeatedly  in  boring  after  boring.  In  fact,  the  finding  of  porous  deposits  capable  of  hold- 
ing immense  quantities  of  water,  but  in  which  none  whatever  is  actually  found,  is^a  common 
experience  of  almost  every  driller  working  in  deposits  of  stratified  drift  in  this  country. 
Often  they  are  found  several  hundred  feet  below  the  surface,  far  below  the  true  water  table 
or  that  lying  above  the  first  impervious  stratum  and,  in  many  instances,  much  below  the 
level  of  the  lowest  surface  drainage. 

Evidence  of  oil j  gaSf  and  associated  brines. — The  evidence  afforded  by  these  closely  related 
substances  is  very  convincing  to  one  who  has  investigated  their  occurrence  in  the  field. 
Commonly  they  occur  in  large  amounts  only  in  relatively  flat  rocks,  their  tendency  being 
to  accumulate  beneath  the  highest  point  of  the  confining  impeiArious  roof.  When  this  roof 
is  broken  by  a  prominent  joint  or  by  a  fault,  or  when  the  beds  are  highly  upturned,  the 
hydrocarbons  are  no  longer  found  in  any  but  the  smallest  amounts.  In  other  words, 
as  soon  as  a  passage  is  opened  in  the  impervious  cover,  either  by  jointing,  faulting,  folding, 
or  erosion,  meteoric  waters  penetrate,  a  circulation  is  set  up,  and  the  oil,  gas,  and  salt  water 
are  soon  removed  to  the  surface,  appearing  as  the  oil,  gas,  and  salt  springs  so  common  in 
certain  parts  of  the  country.  The  oil  and  gas  of  the  productive  pools,  so  far  as  known  to 
the  writer,  are,  however,  never  associated  with  fresh  waters,  and  although  oil-bearing  rocks 
near  the  surface  may  be  invaded  by  fresh  waters,  as  indicated4}y  the  oil  and  gas  springs,  the 
mere  presence  of  either  in  pools  as  ordinarily  known  indicates  an  absence  of  circulation  of 
meteoric  waters. 

Evidence  of  gypsum  and  anhydrite  deposits. — Anhydrite,  or  anhydrous  calcium  sulphate, 
is  deposited  from  solutions  saturated  with  sodium  chloride  and  calcium  sulphate  at  26^  F., 
a  temperature  often  reached  in  the  summer  seasons  even  in  high  latitudes,  and,  although 
doubtless  formed  under  a  variety  of  other  conditions,  it  has  probably  been  most  commonly 
deposited  from  supersaturated  sea  water  through  evaporation. 

When  fresh  waters  are  brought  into  contact  with  the  anhydrite,  however,  water  is  taken 
on  and  the  rocks  are  converted  into  gypsum,  or  hydrous  sulphate  of  calcium.  The  occur- 
rence of  anhydrite  in  the  rocks,  therefore,  is  of  special  interest  in  connection  with  the  prob- 
lem of  underground  waters,  pointing  to  the  absence  of  circulation  at  the  points  at  which  the 
anhydrite  occurs. 

a  Trans.  Am.  Inst-  Min.  Eng.,  vol.  25,  p.  936. 

b  Underground  waters  of  eastern  United  States:  Water-Sup.  and  Irr.  Paper  No.  114,  U.  8.  Geol. 
Survey,  1»05,  p.  29. 
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When  the  beds  are  exposed  at  the  surface  the  calcium  sulphate  is  usually  in  the  hydrous 
form,  owing  to  the  circulation  of  fresh  ground  waters.  In  the  large  quarries  near  Windsor, 
New  Brunswick,  however,  only  the  upper  few  feet  have  been  converted  into  gypsum,  the 
great  mass  of  the  deposit  still  being  in  the  anhydrous  state. 

Deposits  have  been  frequently  penetrated  by  deep  borings  in  both  this  country  and  in 
Europe,  but  in  most  cases,  unfortunately,  no  distinction  is  made  between  the  anhydrous 
and  hydrous  types.  At  Stassfurt,  however,  the  salt  beds,  which  have  an  aggregate  thickness 
of  1,197  feet,  include  thousands  of  anhydrite  layers  averaging  about  one-fourth  of  an  inch  in 
thickness  and  occurring  at  intervals  of  from  1  to  8  inches.  At  Hartlepool,  in  Yorkshire, 
borings  show  the  limestone  to  be  "interleaved  with  anhydrite  and  to  be  overlain  by  more 
than  250  feet  of  that  deposit,  "a  Again,  in  the  Mont  Cenis  tunnel  in  the  Alps  over  1,500  feet 
of  alternating  anhydrite,  talcose  schist,  and  limestone  are  reported. ^ 

From  these  and  numerous  other  instances  that  might  be  cited  it  is  clear  that  not  only  are 
circulating  waters  practically  absent  in  many  regions,  even  near  the  surface,  but  intersti- 
tial water  is  also  absent.  If  any  fresh  water  whatever  was  present  in  the  pores  of  the 
anhydrite,  hydration  to  gypsum  would  take  place. 

Evidence  of  salt  deposits. — While  less  conclusive  than  that  of  anhydrite  and  of  oil  and  gas 
deposits,  the  occurrence  of  salt,  including  sodium  chloride  and  the  more  soluble  potassium 
salts,  affords  considerable  evidence  as  to  the  absence  of  circulating  ground  waters.  The 
evidence  of  such  circulating  waters  would  be  apparent  at  once  on  the  thin  laminie  of  salt 
interst ratified  with  other  materials,  and  even  the  thick  beds  would  present  evidences  of 
circulating  waters  if  the  latter  occurred  in  any  considerable  amounts.  So  great  is  the 
rapidity  of  solution  that  even  the  larger  masses  in  any  but  the  most  recent  geologic  forma- 
tions would  have  long  since  been  removed  if  active  circulation  existed.  Nothing  but 
analyses  would  show  the  presence  of  small  amounts  of  interstitial  water  in  the  salt  itself, 
but  the  evidence  of  the  interlaminated  anhydrite  conclusively  proves  the  absence  of  water 
in  many  instances. 

Evidence  of  brines  in  CocLsUd  Plain  deposits  of  eastern  United  States. — Near  the  outcrop  of 
most  of  the  Coastal  Plain  deposits,  at  least  of  those  of  the  coarser  types,  the  waters  are  fresh, 
the  salts  in  solution  being  practically  all  obtained  from  the  containing  materials.  As  the 
distance  from  their  landward  boundary  increases,  however,  and  the  dip  carries  the  beds 
farther  below  the  surface,  the  waters  often  become  more  mineralized  and  in  some  instances 
are  distinctly  saline.  At  Fort  Monroe  and  at  Norfolk,  Va.,  about  60  miles  from  their  border, 
only  salt  waters  were  encountered  for  about  700  feet  down  to  the  granite  at  about  2,250  feet. 
Again,  at  Wilmington,  N.  C.  about  115  miles  from  the  border,  the  waters  are  salt,  while  at 
Charleston,  S.  C,  and  Savannah,  Ga.,  wells  at  similar  distances  yield  fresh  waters.  The 
depth  to  which  circulation  extends  downward  is  not,  therefore,  dependent  on  distance  from 
the  outcrop.  In  reality  it  seems  to  be  related,  to  some  extent  at  least,  to  the  character  of 
the  materials,  being  greater  in  prevailingly  sandy  beds  than  in  more  clayey  beds,  as  at  Wil- 
mington. It  18  probable  that  leakage  through  vertical  joints,  which  are  common  even  in 
unconsolidated  materials,  has  much  to  do  with  determining  the  distance  of  penetration  of 
surface  waters.  The  age  of  the  strata  also  appears  to  be  a  factor  of  importance,  since  the 
more  recently  deposited  beds,  as  in  the  vicinity  of  Wilmington,  often  show  higher  salinity 
than  older  beds  occurring  under  similar  conditions. 

It  is  clear,  therefore,  that  while  active  circulation  may  extend  to  considerable  depths  and 
distances  in  the  Coastal  Plain  deposits,  such  circulation  is  often  absent,  in  which  case  the 
originally  inclosed  sea  water  probably  constitutes  most  of  the  water  present. 

Evidence  of  joint  studies. — Recent  investigations  in  Connecticut,  made  by  E.  E.  Ellis  for 
the  United  States  Geological  Survey,  have  shown  that  in  the  ordinary  granites  and  gneisses 
of  the  region  the  water  occurs  largely  in  the  vertical  joints,  which  have  an  average  spacing  of 
between  3  and  7  feet  at  the  surface.     At  depths  of  more  than  50  feet  the  spacing  is  greater, 

oQelkie,  Text-Book  of  Geology,  vol.  2, 1903,  p.  1071. 

(Hunt,  T.  Sterry,  Chemical  and  Qeologlcal  Essays,  1875,  p.  335. 
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owing  to  the  dying  out  of  subordinate  joints.  At  still  greater  depths  there  appear  to  be 
very  few  water-bearing  joints,  250  feet  being  the  depth  fixed  as  a  limit  beyond  which  it  is  not 
advisable  to  go  for  water.  Of  the  horizontal  joints,  almost  all  are  confined  to  the  upper  few 
feet  of  the  rock,  being  generally  above  the  water  table.  Mr.  Ellis  finds  that  while  the  joints 
may  be  half  an  inch  or  more  in  width  at  the  surface,  they  rapidly  narrow  with  depth,  and 
that  the  common  width  in  the  upper  200  or  300  feet  is  0.01  inch.  With  a  double  system  of 
joints,  each  with  the  fractures  at  an  average  distance  of  5  feet  from  one  another,  there  would 
be,  even  if  they  were  completely  filled  with  water,  only  1  cubic  inch  of  water  to  125  cubic 
feet  of  rock,  equivalent  to  tt^if7  ^^  ^^^  thtLU  0.000046  of  the  mass. 

If  we  assume  an  average  width  of  the  joints  of  0.1  inch,  which  may  be  regarded  as  a  maxi- 
mum, the  amount  of  water  in  them  would  still  be  only  0.00046  of  the  volume  of  the  rock. 

The  joints  do  not  always  carry  water  to  their  full  capacity.  In  fact,  water  in  amounts 
sufficient  to  supply  even  domestic  wells  is  seldom  obtained  at  depths  greater  than  300  or  400 
feet.     The  writer  estimates  the  relative  amounts  of  water  in  joints  as  follows: 

Relation  ofadual  water  in  jointa  in  crystalline  rocks  to  their  fuU  capaciiy. 

T\^»4k  i»  r^*  I      Proportion  of  full 

Depth  in  feet.  ,       surface  capacity. 

0-100 Full. 

100-200 1  One-half. 

200-300 !  One-third. 

300-500 j  One-fifth. 

500-2,000 j  One-tenth. 

2,000-34,000 I  Practically  no  water. 

__j 

The  water  present  in  joints  in  the  upper  2,000  feet  of  the  crystalline  rocks  is  estimated, 
therefore,  to  be  only  16  per  cent  of  their  capacity,  or  0.000007  of  the  rock  volume. 

In  the  case  of  sedimentary  rocks  the  joints  are  still  farther  apart  than  in  crystalline  rocks, 
and  while  they  carry  much  water,  the  proportion  so  held  to  that  held  in  the  pores  is  very 
small.  Caverns  may  be  considered  in  the  same  class  with  joints.  Being  larger,  they  carry 
large  amounts  of  water,  as  evidenced  by  the  large  springs,  etc.,  coming  from  such  passages, 
but  even  in  completely  honeycombed  rocks  the  actual  volume  is  very  slight  indeed  as  con^- 
pared  with  the  whole  mass  of  the  rock  while,  moreover,  the  circulation  is  essentially  super- 
ficial. 

The  amount  of  water  in  both  joints  and  caverns  is  so  small  compared  with  that  in  the 
pores  of  the  rock  itself  that  they  have  no  material  effect  on  the  computations  and  may  be 
disregarded. 

What  the  amount  occupying  the  pores  may  be  we  have  no  way  of  determining,  but  it  is 
believed  that  not  over  25  per  cent  of  the  pore  space  is  occupied.  To  be  on  the  safe  side, 
however,  50  per  cent  is  here  assumed. 

MAGMATIG    WATERS. 

In  recent  years  much  has  been  said,  in  connection  with  the  discussion  of  ore  deposits,  in 
regard  to  magmatic  waters  as  a  source  of  vein  solutions.  All  molten  rocks  reaching  the 
surface  carry  water,  usually  in  considerable  amounts,  and  from  contact  phenomena  it  b 
equally  evident  that  the  same  is  true  of  many  intrusive  magmas,  especially  those  of  pegmatites 
and  other  acidic  rocks.  It  is  not  impossible,  therefore,  that  considerable  additions  to  the 
underground-water  body  may  take  place  from  magmatic  intrusions  which  fail  to  reach  the 
surface,  but  the  number  of  such  intrusions  giving  off  water  at  any  one  time  will  be  exceed- 
ingly small  and  confined  to  limited  areas.  In  a  consideration  of  the  crust  of  the  earth  as  a 
whole  their  amount  can  be  practically  disregarded. 
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DEGREE  OP  SATURATION. 

The  theoretical  absorptive  capacities  of  rocks  are  essentially  the  same  as  their  i>ora6itieB, 
since,  as  has  been  shown,  the  amount  in  joints,  etc.,  can  be  disregarded.  In  the  preceding 
section  evidences  tending  to  show  that  the  actual  amounts  are  considerably  less  than  the 
theoretical  amounts  have  been  adduced  along  a  considerable  number  of  lines.  From  the 
nature  of  the  information  available,  however,  it  is  impossible  to  make  definite  quantitative 
statements,  but  it  is  believed  that  a  reasonable  estimate  may  be  made.  The  following  is 
an  estimate  by  the  writer,  based  on  his  underground-water  investigations  for  the  Geological 
Survey: 

Relation  of  actual  vxiter  in  sedimentary  rocks  to  their  full  capacity. 


Depth  In  feet. 


0-250... 
250-500.. 
500-1,000. 

i,ooo-2,qoo. 


Proportion  of  full 
surface  capacity. 

Full. 
One-half. 
One-third. 
One-flfth. 


Average  per  cent  of  full  capacity,  37. 

The  relation  of  the  actual  water  in  joints  to  their  full  capacity  has  been  discusser],  it  being 
estimated  that  only  16  per  cent  of  the  joint  spaces  are  occupied.  What  the  amount  occupy- 
ing the  pores  may  be  we  have  no  way  of  determining,  but  it  is  believed  to  be  tnuch  less  than 
the  capacity  as  indicated  by  their  porosity. 

SUMMARY. 

FACTORS   IN    PROBLEM. 

Porosity  factors, — ^The  various  factors  assigned  in  the  computation  of  the  underground 
waters  occurring  in  the  pores  of  the  rocks  are  summarized  below.  In  the  summary  the 
unconsolidated  surface  deposits  are  disregarded,  partly  for  the  reason  that  they  are  of  incon- 
siderable thickness  as  compared  with  the  total  thickness  of  sediments  and  partly  because  of 
the  fact  that,  while  they  are  more  porous  than  most  of  the  consolidated  beds,  only  a  part 
of  their  mass  lies  below  the  water  table  and  is  saturated,  the  remainder  being  relatively 
water  free.  It  is  believed,  therefore,  that  on  the  average  the  amount  of  water  held  is  not 
greatly  different  from  that  in  the  consolidated  sediments. 

For  the  sandstones,  shales,  and  limestones  full  porosity  values  are  given,  as  in  most  cases 
the  pressure  has  done  little  toward  closing  the  pores.  In  the  crystalline  rocks,  on  the  con- 
trary it  is  assumed  that  the  porosity  decreases  from  the  normal  at  the  surface  to  nothing 
at  the  level  of  no  openings,  hence  one-half  of  the  surface  value  is  used  in  the  computations. 
Summarizing  the  porosity,  we  have:  Sandstones,  15  per  cent;  shales,  4  per  cent;  lime- 
stones, 5  per  cent,  and  crystalline  rocks,  0.2  per  cent. 

SaturaHon  factors. — ^These  have  already  been  discussed  in  a  preceding  paragraph,  but 
the  results  may  be  repeated  as  follows: 

Average  percentage  of  the  theoretical  capacity  of  stratified  rocks  actually  taken  up  by  water 37 

Average  percentage  of  the  theoretical  capacity  of  igneous  rocks  actually  taken  up  by  water 50 

Thickness  factor. — The  average  thickness  of  the  sedimentary  rocks,  as  outlined  on  page  63, 
is  taken  as  2,600  feet,  while  that  of  the  portion  of  the  crystalline  rocks  in  which  water  can 
occur  is  estimated  to  be  15,375  feet  (p.  64). 
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RecajniuUUion. — ^The  various  factors  affecting  the  computation  of  the  yolume  of  under* 
ground  water  may  be  tabulated  as  follows: 

Factors  in  computation  of  volume  of  underground  uxtters. 


Rocks. 


Thickness. 

1 

I       Feet. 

BandstODO I  1 ,  040 

Shale I  1.300 

Limestone '  260 

Crystalline  rocks  « 15, 375 


1         17,976 


Porosity. 


Per  cent. 

l&O 

4.0 

5.0 

.2 


Saturation 
factor. 


Per  cent. 


I    -"{ 


Volixia*> 
oocupk-d 

by  water. 

Prr  eettt. 

5.25 
1  4«> 
1.75 

1 


a  See  p.  64. 
Average  per  cent  of  rock  occupied  by  water,  0.52. 

CONCLUSION. 

On  the  basis  of  these  factors  the  total  free  water  held  in  the  eart.h's  crust  would  be  equiva- 
lent to  a  uniform  sheet  over  the  entire  surface  with  a  depth  of  little  less  than  100  feet  {96 
feet),  which  is  only  about  one  seventy-fifth  of  the  amount  postulated  by  Delesse,  one  thirty- 
fifth  of  that  of  Slichter,  one-sixteenth  to  one-eighth  of  that  of  Chamberlin  and  Salisbury, 
and  three-sevenths  of  that  of  Van  Hise. 

If  the  average  depth  of  the  ocean  is  14,000  feet,  its  volume  is  equivalent  to  a  layer  10,500 
feet  deep  over  the  whole  earth's  surface.  The  underground  water  would,  therefore,  be 
roughly  only  one  one-hundredth  of  the  volume  of  the  ocean,  instead  of  one-half,  as  indi- 
cated by  the  figures  of  Delesse;  one-fourth,  as  indicated  by  Slichter's  estimates,^  and  one^ 
ninth  to  one-eighteenth  on  the  basis  of  the  estimate  of  Chamberlin  and  Salisbury. 

It  is  recognized  that  locally,  where  the  sediments  are  very  porous  and  of  considerable 
thickness,  several  times  the  amount  of  water  estimated  may  exist  in  unconsolidated  deposits, 
or  in  the  stratified  rocks  alone.  There  is  a  general  tendency,  however,  to  overestimate  the 
amount  of  water  in  the  ground  owing  to  the  impression  of  great  volume  which  a  large  well 
often  conveys,  the  fact  that  a  large  area  is  drained  being  frequently  overlooked.  The  writ- 
er's studies  of  the  conditions  in  deep  wells  in  the  United  States  lead  him  to  the  belief  that 
the  average  amount  of  water  present  in  the  earth  is  probably  under,  rather  than  over,  the 
amount  estimated. 


o  Slichter  takes  12,000  feet  &»  the  mean  depth  of  the  ocean,  which  would  raise  the  undei]^rpund  wat<^r 
factor  to  one-third  of  its  volume. 


USE  OF  FLUORESCEIN  IN  THE  STUDY  OF  UNDER- 
GROUND WATERS." 


By  R.  B.  Dole. 


NTRODUCTION. 

This  paper  is  an  account  of  the  use  of  fluorescein  for  tracing  the  course  of  subterranean 
waters.  The  methods  for  its  application  and  detection  are  described,  a  brief  discussion  is 
given  regarding  its  fitness  for  use  under  various  conditions,  and  the  results  of  practical 
experiments  are  cited.  Nearly  all  of  the  material  is  taken  from  reports  and  papers  on  work 
of  this  character  undertaken  by  the  city  of  Paris.  At  the  end  is  given  a  partial  bibli- 
ography of  articles  relating  to  the  subject.  For  copies  of  the  original  reports  and  discus- 
sions acknowledgment  is  made  to  the  courtesy  of  M.  Max  le  Couppey  de  la  Forest,  ing^oieur 
agronome  de  la  commission  scientifique  de  perfectionnement  de  I'observatoire  municipal 
de  Montsouris. 

GENERAL  CONSIDERATIONS. 

It  frequently  happens  that  the  chemical  and  bacteriological  examinations  of  a  water  do 
not  show  whether  it  is  polluted.  This  failure  results  from  several  causes.  Sometimes  the 
polluting  matter  has  been  so  diluted  that  the  tests  employed  are  not  sufficiently  delicate  to 
find  it.  Frequently  it  is  intermittent  in  character,  so  that  the  samples  examined  may  have 
been  taken  at  a  time  when  no  afflux  occurred,  though  at  other  times  the  water  may  be  in  a 
dangerous  condition.  If  a  decision  is  based  on  chemical  results  alone,  the  presence  of  harm- 
less oi^nic  material  may  be  used  to  condemn  a  water,  because  the  data  do  not  distinguish 
between  the  organic  matter  which  is  vegetable  and  that  which  is  animal  in  its  origin.  These 
troubles  are  experienced  to  a  greater  extent  in  the  study  of  underground  than  in  that  of 
surface  waters,  first,  because  the  sources  of  pollution  are  obscure  in  their  relation  to  the 
subterranean  beds,  and,  second,  because  variations  in  the  chemical  constituents  of  a  given 
spring  or  well  under  study  are  usually  neither  so  large  nor  so  diverse  in  character  as  the 
changes  in  the  same  figures  for  rivers  or  lakes.  Chloride-bearing  rocks  or  drift  deposits 
sometimes  give  so  high  a  chlorine  content  to  waters  in  them  that  slight  changes  caused  by 
the  introduction  of  fecal  matter  are  either  inappreciable  or  can  be  attributed  as  well  to 
natural  sources  as  to  dangerous  contamination.  Other  constituents  besides  chlorine  may 
change  from  similar  causes  without  affording  the  analyst  an  opportunity  to  distinguish 
harmless  from  dangerous  affluents. 

Consequently  every  means  for  determining  the  flow  and  pollution  foci  of  underground 
waters  should  be  used.  In  studying  the  potability  of  a  well  or  spring  water  it  is  important 
to  know  not  only  its  chemical  composition,  but  also  its  source,  its  rate  of  flow,  the  area 
tributary  to  it,  the  nature  of  the  material  through  which  it  passes,  and  the  contaminations 
to  which  it  may  be  subjected  before  or  during  its  underground  journey.  It  is  often  a 
matter  of  much  importance  to  know  whether  the  flow  is  from  a  cesspool  toward  a  neighbor- 
ing well  or  in  the  opposite  direction;  it  may  be  necessary  to  determine  whether  or  not  water 

a  Prepared  in  connection  with  the  work  of  the  division  of  hydroeeonomics;  M.  O.  Leighton,  hydrog- 
rapher  in  charge. 
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seeps  from  a  contaminated  brook  into  wells  of  a  neighboring  region;  whether  rolleeti^g 
galleries  for  public  water  supplies  receive  seepage  from  well-established  sources  of  contami- 
nation; whether,  in  general,  known  foci  of  pollution  are  in  immediate,  though  obscured, 
connection  with  sources  of  drinking  water.  Knowledge  of  this  nature  is  especially  impor- 
tant in  the  study  of  waters  passing  through  formations  full  of  seams  or  crevices,  where  there 
is  opportunity  for  rapid  circulation  without  much  purification.  The  determination  of  the 
area  draining  to  the  underground  supply  affords  data  in  regard  to  the  quantity  of  available 
water  as  well  as  its  quality.  These  and  many  other  considerations  make  the  study  of  con- 
ditions in  the  subterranean  basin  more  important  than  laboratory  examinations  into  the 
nature  of  the  water  itself. 

FLOW  INDICATORS. 

MATERIALS. 

For  such  hydrologic  studies  as  have  been  indicated  above  much  knowledge  has  been 
gained  by  introducing  some  foreign  material  into  the  aquifer  under  study  and  tracing  its 
journey  by  samples  from  wells,  springs,  or  temporary  borings  along  its  possible  course. 

A  large  number  of  substances  have  been  proposed  for  this  purpose.  A  few  of  those  which 
have  been  more  or  less  extensively  employed  are  given  in  the  following  lists: 

A.  Materials  dissolved  in  the  water  and  recognized  by  chemical  or  physical  tests:  Sodium 
chloride,  calcium  chloride,  ammonium  chloride,  potassium  nitrate,  lithium  salts,  and  iron 
salts. 

B.  Materials  dissolved  in  the  water  and  recognized  by  their  color:  Potassium  permanga- 
nate, fuchsine,  Kongo  red,  methylene  blue,  and  fluorescein. 

C.  Materials  suspended  in  the  water  and  recognized  by  microscopic  examinations: 
Starch,  flour,  etc. 

D.  Cultures  of  bacteria  suspended  in  the  water  and  recognized  in  samples  taken  by 
their  cultural  characteristics:  Bacillus  prodigiosus,  B.  suhtUiSf  Scuxharomyces  cerevisiat,  and 
Mycoderma  aceti. 

The  principal  requisites  in  the  choice  of  a  proper  so-called  flow  indicator  are — 

1.  It  should  descend  to  and  traverse  the  aquifer  in  a  manner  and  rate  similar  to  the  water 
itself. 

2.  It  should  be  easily  and  quickly  detectable  in  the  samples  of  water  taken. 

3.  It  should  not  be  decomposed  nor  its  intensity  greatly  affected  by  the  materials  with 
which  it  comes  in  contact. 

For  different  purposes  and  in  different  materials  the  selection  of  an  indicator  is  varied. 
For  determining  the  percentage  of  water  entering  one  level  from  another  the  chlorides 
are  especially  fitted,  because  the  amounts  present  can  be  accurately  and  rapidly  determined. 
When,  however,  the  volumes  of  water  are  extremely  large  and  the  subterranean  journey 
is  long  the  amount  of  salt  or  other  chloride  necessary  to  cause  an  estimable  change  in 
chlorine  content  is  so  great  that  the  experiment  is  often  impracticable.  For  the  study 
of  underground  flows  in  alluvial  deposits  the  use  of  ammonium  chloride  and  sodium 
chloride  as  electrolytes  appears  to  be  especially  good.a  For  investigating  the  purification 
powef  of  strata  through  which  water  passes,  cultures  of  beer  yeast  have  proved  rery 
satisfactory. ft  For  tracing  the  flow,  however,  of  large  or  small  underground  streams 
through  well-defined  channels  of  size  in  rocks,  especially  calcareous  formations,  fluorescein 
has  proved  superior  to  anything  else  which  has  heen  tried.  Its  diffusion  is  rapid,  it  is 
applicable  under  many  conditions,  and  it  can  l>e  easily  detected  in  enormous  dilutions 
by  means  of  the  fluonwcope  when  it  is  not  present  in  quantities  lai^  enough  to  be  visible 
to  the  naked  eye.  On  account  of  its  many  admirable  qualifications,  fluorescein  has  been 
extensively  used  by  the  city  of  Paris  in  the  study  of  springs  from  which  the  major  part 

a  Slichter,  C.  S.,  Kate  of  movcmont  of  underground  waters:  Water-Sup.  and  Irr.  Paper  U.  8.  (jixrf. 
Survey  No.  140,  1905. 

ft  Ij&  Couppey  do  la  Forest,  M.,  L'6tude  des  eaux  de  sources:  Bull.  Soc.  eel.  hlst.et  nat.  de  rYonne, 
pt.  2,  1902. 
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oi  the  drinking  water  is  taken.  The  records  given  on  page  81  of  experiments  with 
fluoresoeln  are  taken  from  published  reports  of  the  Commission  scientifique  de  perfeo 
tionnement  de  rObservatoiro  municipal  de  Montsouris  and  from  various  articles  published 
else^^ere  by  members  of  the  laboratory  staff. 


Probably  the  first  coloration  experiments  to  establish  the  water  origin  of  typhoid  fever 
were  made  by  Dr.  Dionis  des  Carri^res  a  in  1882,  during  a  severe  epidemic  at  Auxerre,  a  | 

city  about  85  miles  southeast  of  Paris.  Since  that  time  the  use  of  various  dyes  has  been 
frequent  for  studying  the  underground  movements  of  water.  In  1887  fluorescein  was 
used  in  the  valley  of  the  Avre.^  M.  Trillat  in  1899  conducted  elaborate  investigations 
into  the  delicacy  of  certain  dyes  for  flow  indicators  and  the  efl'ect  on  them  of  passage 
through  common  soils,  c  The  fluoroscope  invented  by  him  and  perfected  by  M.  Marboutin  d 
is  capable  of  detecting  minute  traces  of  fluore-scein,  and  has  made  possible  the  extensive 
studies  of  ground  flow  now  being  conducted  with  that  material.  The  work  has  assumed 
such  proportions  that  the  so-called  sanitary  analysis  of  water  plays  a  rather  subordinate 
r6]e  in  the  consideration  of  the  springs.  Under  the  direction  of  the  Montsouris  coimnission 
geolc^sts,  hydrologists,  chemists,  physicians,  and  other  skilled  professional  men  make  a 
detailed  study  of  the  region  in  order  to  ascertain  the  purity  of  the  water  and  the  means 
for  preventing  avoidable  pollution.  Their  work  embraces  a  study  of  the  water  flow  and 
of  the  geology  of  the  formations,  determination  of  the  supply  basin,  inquiry  into  epidemics  j 

and  hygienic  conditions  on  the  watershed,  as  well  as  the  study  of  the  water  itself  as  regards 
chemical  and  bacteriological  condition,  discharge,  temperature,  etc.  From  the  results 
of  all  these  researches  a  definite  decision  concerning  the  availability  of  the  supply  and  its  ' 

chances  of  pollution  can  be  made.  j 

FLUORESCEIN.  I 

CHARACTER  AND  APPEARANCE.  I 

Fluorescein  (resorcin-phthalein,  diresorcin  phthalein,  tetraoxyphthalophenone,  uranin, 
Kniger's  indicator)  is  a  coal-tar  product.    It  can  be  prepared  by  heating  two  molecular  I 

weights  of  resorcin  with  one  molecular  weight  of  phthalic  anhydride,  on  an  oil  bath,  I 

between  190^  and  200^  C,  until  aqueous  vapors  are  no  longer  evolved.  The  mass  is  then 
extracted  with  hot  water  and  the  residue  powdered,  dissolved  in  a  solution  of  potassiimi  | 

hydrate,  and  reprecipitated  with  an  acid.    It  is  important  to  use  pure  materials  in  order  j 

to  obtain  a  pure  product,  otherwise  the  final  purification  of  the  fluorescein  is  rendered 
extremely  difficult.  It  occurs  as  crystalline  powder  or  amorphous  masses,  varying  in  color 
from  reddish  yellow  to  dark  brown.  It  is  insoluble  in  water, «  slightly  soluble  in  cold, 
and  more  readily  in  hot  alcohol,  and  easily  soluble  in  ether,  dilute  acids,  or  alkaline  solutions. 
The  sodium  or  potassium  salts  of  fluorescein  are  soluble  in  alkalies  and  in  water.     In  the  ' 

presence  of  alkalies  its  solution  is  red  by  transmitted  light  and  bright  green  by  reflected 
light — a  phenomenon  known  as  green  fluorescence.  Though  fluorescein  is  not  affected  by 
free  carbonic  acid,  its  solution  is  rendered  colorless  by  acetic  and  the  mineral  acids./  I 

The  red  color  shown  by  transmitted  light  is  not  apparent  in  very  dilute  solution,  but 
by  the  use  of  a  long  tube  filled  with  the  alkaline  liquid  the  green  appearance  shown  by 

a  Dionis  des  Carridres,  ^lologie  de  I't^pid^inie  tvpholde  qui  a  <k:lat^  k  Auxerre  en  scptembre  1882: 
Bull,  ct  m^.  Soc.  m6d.  dea  hdpitaux  de  Paris,  vol.  9,  2d  scr.,  1882,  p.  277. 

b  Biard,  Etude  des  pertes  de  TAvre  et  de  ses  affluents:  Comptes  rendus  Soc.  Ing^nleurs  civUs  de 
France,  octobre  1899.  ^ 

c  TriUat,  Bar  remploi  des  roati^res  colorantespour  la  recherche  de  I'origine  des  sources  et  des  e&UK^ 
d 'infiltration:  Comptes  rendus  Acad,  sci.,  vol.  128, 1899,  p.  698. 

d  Marboutin,  Nouvelle  m^thode  d'^tudc  des  eaux  do  sources:  M^,m.  Soc.  ing<l^nieurs  civils  de  France, 
f^VTier  1901,  vol.  131,  p.  365;  Sur  la  propagation  des  eaux  souterraines:  Bull.  Soc.  lx»lge  g^ol.,  etc.,  vol. 
15, 1901,  m^m.,  p.  214. 

«  This  statement  of  insolubility  applies  especially  to  chemically  pure  fluorrsceTn  sold  ordinarily 
in  the  form  of  a  yellow  powder.    The  fluorescein  commonly  used  in  the  coloration  experiments  has  a  < 

reddish  brown  or  slightly  orange  color  and  is  completely  and  rapidly  soluble  In  water.  ! 

/  Cohn,  Indicators  and  Test  Papers,  2d  ed.,  p.  75.  j 
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reflected  light  is  apparent  when  extremely  small  quantities  of  fluorescein  are  used.  For  a 
flow  indicator  it  is  important  to  use  fluorescein  of  good  quality,  as  otherwise  the  coloration 
will  not  be  visible  in  a  solution  sufficiently  dilute.  The  conmiercial  article  varies  greatly 
in  intensity  of  fluorescence  according  to  the  purity  of  the  materials  from  which  it  is  manu- 
factured and  the  care  used  in  its  preparation  and  storage.  Nine  different  samples  from 
the  market  examined  by  M.  Marboutin  a,  had  greatly  different  fluorescent  powers.  With 
the  fluoroscope  their  limits  of  visibility  ranged  from  1  part  in  500,000,000  to  1  part  in 
10,000,000,000.  The  most  practical  test  of  the  applicability  of  a  given  sample  of  fluorescein 
seems  to  be  that  when  suspended  in  water  it  should  show  with  the  fluoroscope  a  perceptible 
fluorescence  in  a  dilution  of  1  part  in  10,000,000,000.  If  weaker  materials  are  used  it 
is  of  course  necessary  to  use  larger  quantities  of  them.  Fluorescein  costs  from  12.25  to 
$12  a  pound 

THE  FLUOROSCOPE. 

The  instrument  known  as  the  fluoroscope  is  used  for  detecting  the  presence  of  minute 
quantities  of  fluorescein  in  solution  by  observing  the  green  fluorescence  in  a  great  depth 
of  liquid  against  a  dark  background.  As  perfected  by  M.  Marboutin,a  chemist  of  the 
Montsouris  laboratory,  it  consists  of  12  tubes  of  pure-white  glass  of  even  bore,  each  d5  cm. 
long  and  about  15  mm.  in  diameter.  The  white  tubing  used  for  manufacturing  certain 
kinds  of  burettes  would  answer  the  purpose  very  well.  Elach  tube  is  closed  at  its  lower 
extremity  by  a  rubber  stopper  blackened  with  powdered  plumbago.  The  box  for  carrying 
the  apparatus  is  provided  with  a  rack  in  which  the  tubes  may  be  held  side  by  side  in  a 
vertical  position.  When  they  are  filled  with  the  samples  to  be  examined  the  presence  of 
fluorescein  is  recognized  by  the  appearance,  projected  on  the  black  stopper,  of  a  greenish 
reflection  which  is  entirely  different  from  the  natural  tint  of  the  water  itself,  though  some- 
times confused  with  it  by  inexperienced  observers.  It  is  often  convenffbt  to  use  for  com- 
parison standard  tubes  containing  quantities  of  fluorescein  varying  from  0  to  0.002  part 
per  million.  The  use  of  a  little  ammonia  to  excite  the  fluorescein  is  suggested  when  the 
dye  is  present  in  small  amount.  This  is  of  course  impossible  in  magnesium-bearing  waters 
on  account  of  the  white  turbidity  produced.  The  limit  of  visibility  depends  a  great  deal 
on  the  nature  of  the  fluorescein  used.  It  has  been  placed  at  0.0001  part  per  million  or  1 
part  in  10,000,000,000  of  clear  water.  For  practical  demonstrations  of  its  presence  0.0005 
part  per  million  is  better.  The  limit  of  ordinary  visibility  with  the  unaided  eye  seems  to 
be  0.025  part  per  million.  Therefore  a  quantity  of  fluorescein  may  be  used  which  is 
detectable  with  the  fluorescope  and  still  not  visible  to  the  naked  eye. 

By  comparison  with  tubes  of  known  content  the  amount  of  fluorescein  in  the  samples  may 
be  estimated  by  the  intensity  of  the  green  coloration.  With  this  and  other  data  the  amount 
of  seepage  from  one  water-bearing  stratum  to  another  may  be  determined.  6 

APPLICATION    OF   FLUORESCEIN. 

Fluorescein  can  be  poured  down  where  there  is  expected  to  be  a  connection  with  the  under- 
ground flow — in  general  at  any  point  of  higher  elevation  than  the  water  level  in  the  bed  under 
study.  Sink  holes,  cesspools,  privy  vaults,  temporary  borings,  or  the  beds  of  degravelling 
streams  are  all  desirable  places  to  introduce  the  dye.  A  solution  containing  about  300  grams 
per  liter  is  a  convenient  one  for  use.  If  it  is  poured  down  where  there  is  no  considerable  flow 
of  water  toward  the  lower  strata,  such  as  in  a  dry  boring  or  in  a  vault,  enough  water  should  be 
poured  on  it  to  wash  it  down.  The  quantity  of  fluorescein  to  be  used  varies  with  the  dis- 
tance traveled,  the  time  of  the  journey,  the  size  of  the  water  sheet,  and  the  nature  of  the 
material  traversed.  The  amount  generally  employed  is  between  one-half  pound  and  2 
pounds,  though  experiments  have  been  made  with  much  larger  weights.  From  tables 
given  later  (pp.  79-81),  an  idea  may  be  formed  of  the  amounts  desirable  to  use.     In  general 

a  Marboutin.  Contribution  H  r<^tude  des  eaux  souterraines:  Comptes  rendus  Acad,  sci.,  vo  .  132, 
Idoi.p.  3<J5. 
b  See  experiment  at  Auxerre,  p.  82. 
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the  quantity  is  2  pounds  of  fluorescein  per  hour  for  a  flow  of  about  31 ,700  gallons  per  minute 
from  the  bed.  It  is  of  course  necessary  to  add  enough  to  produce  a  detectable  coloration  in 
the  water  of  the  well  or  spring  under  examination.  Having  determined  the  flow  of  the 
latter,  an  approximation  may  be  made  of  the  amount  of  fluorescein  necessary  to  insure  the 
presence  of  between  0.02  and  0.0005  part  per  million  in  the  effluent.  Since,  however,  all  of 
the  water  of  the  underground  bed  will  probably  not  be  delivered  at  the  points  of  examina- 
tion, it  will  be  seen  that  with  the  distance  traveled  the  amount  of  fluorescein  should  be 
increased. 

METHOD  OF  TAKING    SAMPLES. 

A  preliminary  determination  of  the  water  level  in  the  wells  and  springs  in  the  region  will 
eliminate  those  points  round  the  spot  at  which  the  fluorescein  is  put  down  that  are  mani- 
festly outside  of  the  circulation  zone.  All  other  wells  or  springs  should  be  marked  for  exami- 
nation, whatever  their  apparent  disconnection  with  the  water  sheet  under  study.  The  most 
economical  manner  of  taking  the  samples  is  hourly  by  concentric  circles  successively 
removed  from  the  point  of  putting  in  the  color.  An  agent  supplied  with  12  bottles  is 
stationed  at  each  well  or  spring  to  be  examined  in  the  nearest  circle.  In  general,  samples 
taken  hourly  for  twelve  hours  will  mark  the  arrival  and  departure  of  the  fluorescein.  Sam- 
pling, however,  should  not  cease  at  any  point  until  the  passage  of  the  dye  or  its  nonarrival 
is  established.  The  first  sample  should  be  a  blank  taken  at  the  instant  when  the  fluorescein 
is  put  down,  and  each  should  be  plainly  marked  with  the  name  of  the  well  or  spring  and  the 
date  and  hour  of  sampling.  After  the  color  has  passed  one  zone  of  wells,  the  agents  can 
be  moved  to  another  circle.  Their  advance  will,  of  course,  depend  on  the  rapidity  with 
which  the  coloring  matter  progresses.  The  12  samples  representing  the  water  for  twelve 
hours  are  then  examined  in  series  as  rapidly  as  possible. 

EXAMINATION  OF  SAMPLES. 

The  12  tubes  of  the  fluoroscope  are  filled  from  the  12  bottles  representing  one  well  water. 
Care  is  taken  to  arrange  them  in  chronological  order.  Then,  by  looking  at  the  tubes  along 
their  axes,  those  showing  fluorescence  can  be  readily  selected.  It  is  often  convenient  for  a 
beginner  to  use  for  comparison  tubes  containing  dilute  fluorescein  solutions.  With  practice, 
however,  the  natural  tint  of  the  water  will  not  be  confused  with  traces  of  fluorescein.  The 
examination  should  be  made  in  broad  daylight  before  a  white  wall.  Special  care  must  be 
taken  to  avoid  a  green  background.  By  these  tests  the  hours  of  arrival  and  »f  departure  of 
the  color  at  each  point  of  examination  are  determined,  and  if  desired  the  intensity  of  the 
fluorescein  can  be  estimated. 

ACTION  OF  FLUORESCEiN. 

Method  of  movement, — Generally  fluorescein  progresses  more  slowly  than  the  water  in  which 
it  is  suspended;  on  account  of  the  greater  density  of  its  solution  it  tends  to  accumulate  in 
low  places  along  the  route  traversed.  M.  le  Couppey  de  la  Foresta  has  noted  that,  when 
fluorescein  is  poured  into  a  small  stream  which  later  widens  out  into  a  basin  of  still  water, 
coloration  is  visible  for  a  certain  length  of  time  in  the  stream  below  the  basin;  the  coloration 
gro¥rs  weaker,  till  finally  not  a  trace  can  be  found,  though  relatively  large  amounts  of  fluores- 
celn-tinted  water  remain  at  the  bottom  of  the  basin;  if  finally  the  basin  be  agitated  by  the 
sudden  influx  of  lai^r  amounts  of  water,  the  more  densely  colored  water  will  be  washed  out 
and  the  fluorescein  will  once  more  appear  in  the  effluent.  It  may  be  conjectured  that  large 
subterranean  caverns  could  efl'ect  a  retention  of  fluorescein  in  a  similar  manner.  The  first 
appearance  of  the  dye  at  the  outlet  might  be  unnoticed  on  account  of  its  small  amount,  so 
that  a  later  one  caused  by  heavy  inflows  of  water  to  the  caverns  would  lead  to  a  wrong  con- 
clusion regarding  the  rate  of  flow  in  the  bed.  Several  instances  of  this  character  have  been 
noted  where  one  introduction  of  fluorescein  has  caused  two  or  more  distinct  colored  flows  at 
spring?  in  relation.     (See  p.  81.) 


a  Le  Couppey  de  la  Forest,  M.,  Mode  de  propagation  de  la  fluoresc^ine  sous  terre:  Bull.  Soc.  beige 
gtol.,  etc,  vol.  17, 1903,  pioo.-verb.,  p.  249;  m6m.,  p.  515. 
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The  usual  method  of  expressing  the  rate  of  flow  of  the  fluorescein  undei^ground  is  in  meftfln 
per  hour  or  feet  per  minute,  found  by  dividing  the  horizontal  distance  in  a  straight  line  from 
the  point  of  entry  to  the  point  of  appearance  by  the  time  which  elapses  between  the  hour  of 
putting  down  the  solution  and  its  first  appearance  at  the  spring  under  consideration. 

It  has  been  mathematically  demonstrated  by  M.  de  la  Forest^  that  the  rate  thus  expreaaed 
is  always  less  than  the  real  rate  of  progress  in  the  subterranean  stream,  from  the  fact  that  a 
certain  length  of  time,  generally  indeterminate,  is  consumed  by  the  solution  in  soaking  into 
the  lower  stratum.  If  V  =  rate  in  feet  per  second,  D  —  distance  in  feet,  and  T  =  time  in 
seconds,  then  the  rate  is  calculated  thus: 

T 

Now  T  is  evidently  made  up  of  two  parts,  or  T  =  ^i+^>  where  t^  ^time  consumed  in  infiltrat- 
ing through  the  material  separating  the  surface  where  the  dye  was  put  down  from  the  bed  in 
which  the  water  circulates,  and  f,  =  r^&I  time  during  which  the  fluorescein  Is  traversing  the 
water  stratum.    Therefore  the  true  rate  V|  is  found  thus: 

And  the  difference  between  the  true  and  the  calculated  rate  is: 

'  f-t,     T     Tt, 

Whence  it  will  be  seen  that  the  greater  the  time  consiuned  by  the  preliminary  infiltration 
the  larger  will  be  the  error  of  the  calculated  rate;  and  the  error  will  vary  inversely  with  the 
permeability  of  the  soil  where  the  coloring  matter  is  put  down.  If,  furthermore,  several 
wells  are  sampled  at  various  distances  from  the  entrance  of  the  dye,  it  is  usually  found  that 
the  greater  tlie  distance  traveled  the  greater  is  the  calculated  velocity  for  this  reason: 

But  in  the  same  experiment  t^  is  constant,  while  t^  varies  in  proportion  with  D.  It  is  cJeari 
therefore,  that  i^  =  KD  where  K  is  a  constant  indeterminate  for  the  same  experiment.  So, 
substituting  this  value  for  <2  >n  the  above  equation, 

V— 5-=J— 
^-<,-fKD    t,_^^ 

In  other  words,  the  calculated  rate  varies  directly  with  the  distance  traveled.  In  many 
cases  this  has  been  found  to  be  true.     (See  p.  81.) 

Decompo8iiion  of  fiuarescein. — In  its  undeiground  passage  certain  substances  exert  a 
decomposing  influence  on  fluorescein.  Since  its  color  is  destroy^  by  acid  solutions,  it  is 
evident  that  it  can  not  be  used  in  waters  containing  any  free  acids,  except  carbonic  acid.  A 
large  amount  of  calcareous  matter  in  solution,  especially  the  carbonates,  will  decolorize  the 
dye  to  some  extent.  M.  Trillat  f>  has  reported  the  effect  on  fluorescein  of  contact  with  soils  of 
widely  different  character.  Fluorescein  solution  containing  1  part  per  million  was  passed 
through  30  cm.  of  soils  containing  largo  amounts  of  selected  materials.    The  effluent  was 


flOp.  cit.,  p.  251. 

t>  Sur  I'emploi  den  Tnatu'^rca  colorantea  pour  la  recherche  de  I'origine  des  sources  et  des  eaux  d'iufll- 
tration:  Bull.  Soc.  biMge  gool.,  etc.,  vol.  17,  1903,  proc.-vcrb.,  p.  301. 
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then  examined  for  change  in  the  intensity  of  the  color.    The  result  may  be  summarized 
thus: 

Effect  of  certain  soils  on  fluorescein. 


Soil  oontaining— 

Percent- 
age of 
organic 
matter. 

Percent- 

Change  in  fluorescein. 

Lime 

0 
4.56 

6.00 

0 

79.20 
35 

None. 

Sand 

Practically  none- 

Clay 

Peat 

Farm  manure 

7.96 
49.07 

Do. 
Entirely  deoolorized. 
None. 

1 

From  this  table  it  is  seen  that  peaty  soil  will  destroy  the  color,  but  that  ammoniacal 
Clonic  matter  has  practically  no  effect  on  it.  Sandy  soils  and  clay  have  almost  no  effect. 
By  contact  with  water  containing  a  large  quantity  of  carbonate  of  calcium  for  twenty-four 
hours  M.  Trillat  found  that  the  intensity  of  the  color  was  decreased  about  one-third. 

EXPERIMENTS   WFTH   FLUORESCEIN. 

Experiments  in  the  Dkuis  region. — ^The  springs  of  Dhuis,  an  important  part  of  the  city 
water  supply,  are  situated  about  80  miles  from  Paris.  The  geologic  strata  in  the  region 
are  a  succession  of  permeable  and  impermeable  beds — loam,  limestone  and  millstone,  (meul- 
i^res  de  Brie),  green  clay,  Champigny  travertine,  and  Pholodomya  Ivdensis  marl,  of  which  the 
travertine  is  the  principal  aquifer.  This  formation,  60  to  80  feet  thick,  is  permeable  and 
cut  by  fissures.  Water  circulates  in  it  with  great  ease,  often  excavating  large  caverns  by 
its  action.  It  forms  the  bottom  of  all  the  valleys  and  ravines  and  a  great  part  of  their 
slopes.  Since  it  is  extremely  permeable,  it  absorbes  rain  water  and  frequently  engulfs  the 
waters  of  brooks  through  sink  holes  (b^toires).  From  this  bed  the  springs  of  Dhuis  flow 
at  a  mean  rate  of  about  3,670  gallons  a  minute.  In  1901  experiments  were  made  to  deter- 
mine the  connection  of  these  springs  with  possible  sources  of  surface  pollution.  Fluores- 
cein in  varying  amounts  was  poured  into  sink  holes  at  different  parts  of  the  watershed  and 
its  progress  noted  by  samples  taken  along  its  possible  course.    The  results  are  as  follows: 

Experiments  ivith  fluorescein  in  Champigny  travertine.^ 


No.  of  experiment. 

Fluores- 
cein uaed. 

Distance 
traveled. 

Differ- 
ence in 
eleva- 
tion. 

ag-3 

Time 
elapsed. 

Rate  of 
flow. 

Hard- 
neas.6 

1 

Pound*. 
l.I 

Feet. 

0 

10,004 

10,332 

9,512 

9,676 

0 

4,756 

4,920 

6,396 

8,856 

0 

17,384 

Feet. 

Per  cent. 

IJoun. 

Feet  per 
minute. 

Parts  per 
million 
CaCOi. 

la 

169 
166 
156 
159 

1.6 
1.6 
1.6 
1.6 

13            12. 8               2.% 

lb 

• 

14            12.3 

13               12  2 

218 

Ic 

Id 

13 

12.4 

2 

.66 

2a 

162 

^  A 

7 
9 
12 
18 

...3 
9.1 
8.9 
8.2 

762 

2b 

207            4.2 
226  1          7L.h 

238 

2c 

234 

2d   

164 

1.8 

242 

3 

2.64 

3a.... 



126 

.72 

33 

8.8 

,             365 

<B  Commiasion  de  Montsouris,  Travaux  des  ann^s  1900  et  1901,  p.  208. 

f*  Thehardnessof  these  waters  was  expressed  in  "degr^shydrotim^triques,"  1°  Is  equivalent  to  10  mg. 
of  calcium  carbonate  per  liter.    Post,  Analyse  chimique  appliquee  aux  essals  industriels,  p.  9. 
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Experiments  with  fltutresc^n  in  Ohampigny  travertine — Continued. 


No. 

of  experiment. 

Fluores- 
cein used. 

3b.. 

Pounds. 

3c 

3d 

3e 

4 

1.76 

4a 

4b 

5 

.22 

5a 

5b 

5c 

5d 

6 

1.98 

6a 

6b 

Feet. 

18,040 

18,532 

18,532 

18,532 

0 

10,824 

10,824 

0 

1,312 

1,640 

1,640 

1,640 

0 

8,856  j 

8,856  I 


Differ- 
ence in 
eleva- 
tion. 


Mean 
rat*  of 
slope. 


Feet. 
189 
188 
188 
188 


117 
114 


Per  cent. 
1.04 
1.01 
1.01 
l.Ol 


1.08 
1.05 


42 

40  I 

40 

40 


3.2 
2.4 
2.4 
2.4 


Time 
elapsed. 


Hours. 
30 
30 
30 
32 


Rate  of 
flow. 


Ilard- 


^Parts  per 
Feet  per     million 
CaCO%. 

226 

218 

232 

218 


minute. 
10 
10.3 
10.3 
9.6 


15 
15 


5.5 
5.5 
5.5 
5.5 


8.2 
10.5 


249 

710 


214 
220 
210 
220 


In  column  1  the  number  of  the  experiment  is  given;  the  lettered  numbers  indicate  points 
at  whioh  samples  were  taken;  in  experiment  No.  1,  for  instance,  samples  were  taken  at  four 
different  places,  numbered,  respectively,  la,  lb,  Ic,  Id.  Column  2  shows  the  amount  of 
fluoresceTn  used  in  each  experiment.  In  column  3  is  given  the  distance  in  a  straight  line 
between  the  point  at  which  the  fluoresceTn  was  put  down  and  the  point  at  which  the  sample 
was  taken.  In  column  4  is  shown  the  difference  in  elevation  between  the  entering  point 
of  the  fluorescein  and  the  sampling  point.  Column  5  gives  the  average  rate  of  slope  of  the 
water  bed ;  it  is  found  by  dividing  the  difference  in  elevation  by  the  distance  between  the 
points.  In  column  6  the  time  elapsed  between  the  hour  of  putting  down  the  fluorescein 
and  its  first  appearance  at  each  sampling  point  is  given,  while  column  7  expresses  the  rate 
of  flow  of  the  fluoresceTn  underground  in  each  case.  The  total  hardness  of  the  water  in 
column  8  is  given  to  show  that  experiments  with  fluorescein  may  be  conducted  even  when 
the  amount  of  lime  in  the  water  is  rather  high. 

One  of  the  most  striking  features  of  these  experiments  is  the  distances  that  the  fluorescein 
traveled.  In  experiment  3c,  3d,  and  3e  it  went  considerably  over  3  miles  and  the  time 
taken  for  the  journey  was  over  a  day.  Even  for  this  great  distance,  however,  the  amount  of 
fluoresceTn  necessary  was  not  excessive,  being  a  little  over  2.5  pounds.  The  rate  of  flow 
varied  in  different  parts  of  the  formation  from  5.5  feet  to  15  feet  per  minute,  a  figure  which 
is  influenced  both  by  the  slope  of  the  water  bed  and  the  size  of  the  apertures  through  which 
the  water  passes.  In  experiment  3  to  3e  particular  attention  is  called  to  the  concordance 
of  the  results.  In  3a,  with  a  distance  traveled  of  17,384  feet  and  a  total  fall  of  126  feet,  the 
fluorescein  progressed  at  the  rate  of  8.8  feet  per  minute.  With  an  increase  of  the  slope 
and  some  increase  of  distance  traveled  as  shown  in  3b  to  3d  there  was,  as  would  be  expected, 
a  corresponding  increase  in  the  rate  of  flow.  In  3e,  through  some  underground  influence, 
there  was  a  slight  decrease  in  the  rate  of  flow.  Though  these  waters  contained  amounts  of 
calcium,  corresponding  to  a  total  hardness  of  218  to  762  parts  per  million,  yet  no  difficulty 
was  experienced  in  making  the  experiments,  even  when  the  fluoresceTn  was  in  contact  with 
the  calcareous  rock  from  five  to  thirty  houre. 

These  have  been  chosen  as  typical  results  in  formations  where  there  is  free  circulation  of 
water  through  well-delined  veins  or  scams,  and  not  a  slow  seepage  through  beds  of  rock 
having  small  interstice's.     The  principal  points  to  be  noted  are: 

1.  Fuorescein  is  capable  of  traveling  long  distances. 
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2.  Large  amounts  of  calcium  may  he  present  without  preventing  the  experiment. 

3.  Fluorescein  is  not  destroyed  by  comparatively  long  contact  with  underground  waters. 
Experimejiis  in  the  region  ofYonne  and  Cure. — The  results  of  only  five  experiments  in  the 

valleys  of  Yonne  and  Cure  are  noted  in  the  following  table,  but  they  are  noteworthy  on 
account  of  the  various  conditions  under  which  they  were  performed: 

Experiments  with  Jluorescein  in  the  valleys  of  Yonne  and  Cure. a 


No.  of  experiment. 

Fluores- 
cein used. 

Pounds. 
0.6 
6.6 

Distance 
traveled. 

Differ- 
ence in 
eleva- 
tion. 

Mean 
rate  of 
slope. 

Time 
elapsed. 

Rate  of 
flow. 

lo 

Feet. 
492 

0 
15,580 
15,744 
15,744 
16,794 
19,680 

0 
4,100 

0 
19,680 
27,552 
38,048 
38,048 
37,884 
37,884 
38,212 
38,212 

0 
42,984 
42,984 
43.568 
43,558 

Feet. 

Per  cent. 

Hourt. 

24 

Feet  per 
minute. 

0.34 

2fc                                  ..  . 

2a 

228 
226 
226 
224 
230 

1.4 
1.4 
1.4 
1.3 
1.1 

100 
100 
101 
74 
72 

2.5 

2b 

2.6 

2c 

2.6 

2ci 

3.8 

2e 

4.6 

3  c 

2.2 

3a 

1.6 

1.26 

55 

4d    .      ..                

4.4 

4a 



1.5 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 

34 
32 
42 
60 
40 
66 
43 
59 

9.6 

4b 

14 

4c 

15 

10 

44 

16 

9.6 

4e 

14.8 

4.4 

10.8 

5« 

5a  

322 
322 
328 
328 

168 
220 
172 
222 

4.3 

6b 

3.2 
4.2 

3.3 

a  Le  Couppey  de  la  Forest,  M.,  Commission  do  Montsouris,  Travaux  de  I'ann^  1902,  pp.  38,  284. 
b  Idem,  p.  250. 
e  Idem.  p.  272. 
d  Idem,  p.  286. 
e  Idem,  p.  262. 

In  experiment  1  a  small  amount  of  fluorescein  was  put  into  a  well  about  160  feet  deep 
bored  in  the  compact  limestones  of  the  Rauracian.  It  required  twenty-four  hours  for  the 
coloring  matter  to  progress  a  distance  of  about  500  feet.  This  experiment  shows  how  slow 
the  rate  of  flow  is  in  limestone  when  that  rock  is  compact  and  not  cut  up  by  large  fissures. 
It  also  shows  that  fluorescein  can  permeate  fairly  solid  rock  even  when  it  is  not  full  of 


Experiment  2  to  2e  indicates  the  progress  of  the  seepage  from  an  irrigated  tract  of  land 
about  one-fourth  mile  from  the  hamlet  of  Souille.  A  brook  flowing  a  little  over  10  gallons 
a  minute  was  diverted  on  a  field  of  about  5  acres,  where  its  waters  were  slowly  but  entirely 
absorbed  into  the  soil.  In  the  belief  that  this  water  reached  springs  of  the  region  6.6 
pounds  of  fluorescein  were  poured  into  the  brook;  it  appeared  in  these  springs  after  inter- 
vals varying  from  seventy-two  to  one  hundred  and  one  hours.  The  rates  of  flow  were  low. 
Moreover,  the  springs  farthest  removed  from  the  point  where  the  fluorescein  was  put  down 
had  the  highest  rates  of  flow,  though  the  mean  slope  toward  them  was  less  than  in  the 
nearer  springs.    This  fact  shows,  as  discussed  on  page  78,  that  the  time  consumed  for  the 
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infiltration  of  the  fluorescein  from  the  surface  to  the  underground  aquifer  was  ooosiderable 
and  concealed  the  true  rate  of  flow  in  the  subterranean  channels  of  the  lithographic  lime- 
stones of  the  Sequanian  and  the  Rauracian.  Another  interesting  fact  is  that  springs  2a, 
2b,  and  2c,  namely,  those  nearest  the  irrigated  field,  were  but  slightly  colored  for  twelve 
hours;  on  the  other  hand,  springs  2d  and  2e  were  colored  for  thirty-six  hours  with  an 
intensity  visible  to  the  naked  eye.  The  connection  of  springs  2d  and  2e  with  the  infiltra- 
tion from  the  irrigated  field  would  probably  never  have  been  suspected  from  a  topographic 
survey  of  the  region,  because  three  dry  valleys  and  considerable  distances  intervened. 

On  the  left  bank  of  Cure  River  a  cavern  called  La  Grotte  des  Goulettes  is  in  direct  com- 
munication with  the  river  and  engulfs  a  considerable  portion  of  its  water  at  all  seasoDs  ol 
the  year.  At  the  time  when  experiment  3  to  3a  was  performed  the  cavern  absorbed  about 
100  gallons  a  minute.  After  2.2  pounds  of  fluorescein  had  been  put  into  the  water  at  the 
entrance  to  this  cave  it  appeared  in  the  water  of  a  spring  (3a)  4,100  feet  distant,  in  one  hour 
and  fifteen  minutes,  after  traveling  at  the  high  rate  of  55  feet  a  minute.  In  this  instance 
there  was  undoubtedly  a  well-defined  subterranean  channel  of  good  size  connecting  La 
Grotte  des  Goulettes  with  the  spring  in  question. 

At  Petit-Banny  (experiment  4  to  4e),  located  in  the  valley  of  Druyes,  4.4  pounds  of  fluoros- 
celn  were  put  on  the  porous  bed.  It  traveled  for  the  extraordinarily  long  distances  of 
19,680,  27,552,  38,048,  37,884,  and  38,212  feet,  through  fissured  limestone  formationa. 
It  will  be  noted  that  in  this  experiment  and  in  others  where  the  distance  traveled  was  less, 
with  an  increase  of  distance  there  is  a  corresponding  increase  in  the  rate  of  flow,  showing 
that  some  time  is  taken  for  absorption  into  the  underground  channel.  For  springs  4c,  4d, 
and  4e  two  rates  of  flow  are  given,  corresponding  to  two  successive  influxes  of  colored  water, 
se[xarated  from  each  other  by  eighteen,  fourteen,  and  fourteen  hours,  respectively.  Prob- 
blQ  reasons  for  two  influxes,  as  previously  discussed  (p.  77),  are  either  that  the  colored 
water  arrived  at  the  outlets  by  two  different  routes  or  that  it  became  sedimented  in  some 
cavity  and  was  then  washed  out  by  a  later  influx  of  water. 

>  Experiment  5  to  5b  gives  the  greatest  distance  for  the  underground  journey  of  fluorescein 
noted  in  the  reports  at  hand,  namely,  43,558  feet  in  the  experiment  at  Courson.  Courson 
Brook  is  absorbed  by  progressive  infiltration  in  the  permeable  beds  of  the  Sequanian  in  a 
distance  of  about  650  feet  along  its  bed.  Four  and  four-tenths  pounds  of  fluorescein  were 
put  into  the  stream.  It  was  found  at  Crisenon  (5a)  and  Grosse-Pierre  (5b),  over  8  miles 
away,  after  having  traversed  the  fissured  limestones  of  the  Sequanian  and  the  Rauracian 
at  the  rate  of  4.3  and  4.2  feet  a  minute,  respectively.  At  both  of  these  springs  a  second 
flow  occurred  as  noted.  Even  after  such  long  journeys  as  these  there  is  an  apparent  influ- 
ence of  the  time  taken  for  infiltration  through  the  absorption  bed. 

Experiment  at  Auxerre. — An  especially  noteworthy  experiment  <>  was  conducted  at 
Auxerre  to  demonstrate  the  passage  of  polluted  water  from  a  ditch  through  alluvial 
deposits  of  sand  and  gravel  into  a  collecting  gallery  from  which  the  city  supply  was 
taken. 

A  collecting  gallery  about  300  feet  long  in  the  alluvium  of  the  Yonne  is  situated  130 
to  230  feet  from  the  river.  Its  top  is  2.8  feet  and  its  water  plane  4.3  feet  below  the  sur- 
face. A  polluted  brook  ran  directly  toward  the  collecting  gallery  until  within  28  feet, 
then  turned  nearly  at  a  right  angle  and  paralleled  it  at  about  the  same  distance.  Its 
water  surface  was  from  1.2  to  3.5  feet  above  that  of  the  gallery,  from  which  1,130,000 
gallons  of  water  were  pumped  daily.  Two  and  two-tenths  pounds  of  fluorescein  were  put 
into  the  brook  254  feet  in  a  straight  line  from  the  collecting  galleries,  and  samples  were 
then  taken  of  the  water  pumped  from  the  galleries.  Fluorescein  was  shown  two  and  one- 
fourth  hours  after  the  dye  was  put  into  the  brook,  and  an  intense  coloration  was  clearly 
visible  to  the  naked  eye  in  about  ten  hours,  lasting  thirteen  hours.  By  examining  sam- 
ples from  many  sources  throughout  the  city  and  estimating  the  amount  of  fluorescein  pres- 
ent, it  was  found  that  the  city  water  was  colored  for  thirteen  hours  at  an  average  of  1 
part  of  fluorescein  in  30,000,000.    During  that  period  about  600,000  gallons  were  pumped 

a  Le  Couppev  de  la  Forest,  M.,  La  fi[5vre  typholde  k  Auxerre  en  1902:  Revue  d'hygiMie  et  de  polloe 
sanltaire,  vol.  24,  pt.  G,  1902. 
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from  the  galleries,  containing,  therefore,  0.17  pound  of  fluorescein.  Since  2.2  pounds  were 
put  into  the  brook  and  0.17  pound  reached  the  city  water,  it  may  be  estimated  that  the 
ditch  water  reaches  the  galleries  in  the  proportion  of  2.2  to  0.17,  or,  to  allow  for  some 
small  error,  about  one-fifteenth  of  the  brook  water  infiltrates  to  the  town  supply.  Since 
the  stream  flowed  at  that  time  950  gallons  a  minute,  or  about  1,370,000  gallons  a  day, 
'while  the  gallery  consumption  was  1,130,000  gallons  a  day,  it  will  be  seen  that  about  8 
per  cent  of  the  city  supply  was  water  from  the  polluted  brook. 

As  previously  stated,  it  took  two  and  one-fourth  hours  for  the  fluorescein  to  reach  the 
filter  galleries.  Assuming  that  the  infiltration  extended  from  the  point  at  which  the  fluo- 
rescein was  put  down,  the  coloring  matter  would  have  progressed  with  a  rate  of  113  feet 
an  hour  through  the  alluvial  deposits.  If,  on  the  contrary,  the  infiltration  took  place 
between  the  ditch  and  the  gallery  at  the  nearest  point,  it  occurred  at  the  rate  of  12.4 
feet  per  hour.  Assuming  a  maximum  filtration  rate  of  3,000,000  gallons  per  acre  per  day 
for  an  e£Scient  sand  filter,  it  may  be  inferred  that  this  brook  water  reached  the  collecting 
galleries  with  practically  no  purification. 

SUMMARY. 

1.  In  determining  the  sanitary  value  of  a  well  or  spring  it  is  more  important  to  study 
the  underground  flow  than  to  analyze  the  water  itself. 

2.  Foreign  substances  put  into  the  aquifer  and  traced  from  point  to  point  are  of  great 
use  in  this  study. 

3.  With  the  fluoroscope  one  part  of  fluorescein  can  be  detected  in  10  billion  parts  of 
water. 

4.  Fluorescein  is  a  particularly  valuable  flow  indicator  for  fissured  or  cavernized  rocks. 

5.  It  is  also  available  in  gravels,  where  it  has  been  used  with  success. 

6.  It  progresses  at  a  slightly  lower  rate  than  the  water  in  which  it  is  suspended. 

7.  It  is  not  decolorized  by  passlige  through  sand,  gravel,  or  manure;  it  is  slightly  decom- 
posed by  calcareous  soils. 

8.  It  is  entirely  decolorized  by  peaty  formations  and  by  free  acids,  except  carbonic  acid. 

9.  It  has  been  used  with  much  success  for  several  years  by  the  city  of  Paris. 

PARTIAL  BIBLIOGRAPHY. 

A1.BERT-LKVT.    Rapport  sur  les  experiences  k  la  fluoresc^ine.    Commission  de  Montsoiirls:  travaux  de 
1890-1900,  p.  225. 

Valines  de  la  Vanne  et  de  I'Yonne:  Hydrologie  souterraine.    Communications  entre  les  eaux 

superflcielles,  les  eaax  soaterraines  et  les  sources.    Commission  de  Montsouris:  travaux  de  1899- 
1900,  p.  291;  travaux  de  1900-1901,  p.  249. 

Bkabd.    I^ude  de«  pertes  de  I'Avre  et  de  ses  affluents.    Comptes  rendus  Soc.  Ing^nieurs  oivils  de 

France  octobre,  1899. 
BRiuiLLS.    Ville  d'Auxerre:  Adduction  d'eaux  des  sources.    Le  Bourguignon,  December  27, 1902. 
Commission  scientifiove  de  pebfectionnement  de  l'Obsebvatgire  de  Montsouris.    Travaux 

sur  les  eaux  d'alimentation  et  les  eaux  d'^gouts  de  la  ville  de  Paris.    1899  et  seq. 
Commission  de  Montsouris.    Programme  des  travaux  de  la  commission  technique  pour  I'^tude  des 

eaux  potables  capt^s  pour  Talimentation  de  la  ville  de  Paris.    Travaux  de  1899-1900,  pp.  83-88. 
Cuont.    Emploi  de  la  fluoresc^ine  dans  I'hydrographie.    Bull.  Soc.  fribourg.  sciences  naturelles,  C.  R. 

1901-1902,  No.  10,  p.  34. 
DiENERT.    Les  sources  de  la  oraie.    Revue  g^n^rale  des  sciences,  1901,  p.  1014. 

£tude  des  sources  de  Fontalne-sous-Jouy.    Commission  de  Montsouris:  travaux  de  1900-1901, 

p.  347. 

Premier  rapport  sur  le  courant  souterrain  des  Boscherons.    Commission  de  Montsouris;  tra- 
vaux de  1900-1901,  p.  387. 

Etudes  sur  les  sources  de  la  ville  de  Paris  captdes  dana  la  r<^gion  de  I'Avre.    Commission  de 

Montsouris:  travaux  de  1900-1901,  p.  219;  travaux  de  1899-1900,  p.  263. 

Premier  rapport  sur  les'sources  du  Loing  et  du  Lunain.    CommissFon  de  Montsouris:  travaux 

de  1900-1901,  p.  150. 

Quelques  remarques  sur  les  experiences  faites  avec  la  fluoresc^ine  et  le  sel  marin.    Bull.  Soc. 

beige  g6ol.,etc.,  vol.  17, 1903,  proc.-vorb.,  p.  438. 

PiKNERT  ET  GuiLLERD.    Sources  du  bassln  de  la,Hante-Seine.    Commission  de  Montsouris:  travaux 
de  1900-1901,  p.  565. 


84  UNDERGROUND-WATEB   PAPERS,  1906. 

DiONis  DES  CABRifeRES.    £tiologie  de  r^pid^mie  typholde  qui  a  telat^  k  Aaxerre  en  fleptembce  1S82. 

Bull,  et  m^m.  Soc.  m4d.  des  hdpitaux  de  Paris,  vol.  9,  2e  s^r.,  1882,  p.  277. 
FoREL.    Le  lac  de  I'Orbe  souterraine.    Bull.  Soc.  beige  g6ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  340. 
FouRNiER.    Lettre  sur  la  fluoresc^ine.    Bull.  Soc.  beige  gdol.,  etc.,  Vol.  17, 1903,  proc.-verb.,  p.  262. 
FouRNiER  ET  Maonin.    Essai  sur  la  circulation  des  eaux  souterraines  dans  les  massifs  calcairea  dn 

Jura.    Bull.  Soc.  beige  de  g^oi.,  etc.,  vol.  17, 1903,  m^m.,  p.  523. 

Sur  la  propagation  des  eaux  souterraines.    Bull.  Soc.  helge  g6ol.,  etc.,  vol.  17, 1903,  proc.-verb., 

p.  269. 

Sur  la  Vitesse  d'^coulement  des  eaux  souterraines.    Comptes  rendus  Acad,  sci..  No.  14,  April 

6, 1903,  p.  910.    Also  Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  444. 

QoLLiEZ.    Note  sur  les  essais  de  coloration  des  eaux  de  I'^oulement  souterrain  des  lacs  de  la  vadl^ 

de  Joux.    Bull.  Soc.  beige  g^'ol.,  etc.,  vol.  17,  1903,  proc.-verb.,  p.  336. 
IMBEAUX.    Note  sur  une  experience  k  la  fluoresc^ine  dans  le  plateau  de  Haye.    Bull.  Soc.  beige  p^-. 

etc.,  vol.  17, 1903,  proc.-verb..  p.  353. 

Lettre  sur  la  fluoresc^ine.    Bull.  Soc.  beige  gdol.,  etc.,  vol  17, 1903,  proc.-verb  ,  p.  267. 

Janet.    Note  sur  le  captage  et  la  protection  des  sources  des  eaux  potablea.    Comptes  rendas  Acad. 

sci.,  vol.  131,  1900,  p.  301. 

Note  sur  I'eraploi  de  la  fluoresc^ine.    Bull.  Soc.  beige  g^ol ,  vol.  17, 1903,  proc.-verb.,  p.  267. 

Conl^renoe  de  geologic  appliqute  sur  ie  captage  et  la  protection  des  soaroes  d'eau  potable.    Bull. 

Soc.  g^ol.  France,  3<^  s6r.,  vol.  27,  1899,  p.  531 

Programme  propose  pour  les  experiences  de  coloration  k  la  fluoreso^ine.    Commission  de  Mont- 

sourls:  travaux  de  1899-1900,  p.  216. 

Travaux  de  captage  des  sources  des  vall^s  du  Loing  et  da  Lonain.    Livret-guide  public  par 

le  comity  d'organisation  du  huitiftme  congr6s  gi^oiogique  international.    Paris,  1900. 

JEROME.    Exemple  de  la  solution  de  menus  probidmes  d'hydrologie  par  le  procM^  de  la  coloration  des 

eauxJil'aidedelafluoresc6ine.    Bull.  Soc.  beige g^oL,  etc., vol.  16, 1902,  proc.-v6rb.,p.  166. 
Kemma.    Enqufite  sur  les  eaux  de  Paris.    Bull.  Soc.  beige  g^l.,  etc.,  vol.  15, 1901,  proc.-verb.,  p.  236. 

Des  differences  de  vitesse  et  de  density  des  eaux  et  sur  les  obstacles  au  melange.    Bull.  Soc 

beige  g6ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  292. 

Lb  Couppey  de  la  Forest.    Lettre  sur  I'emploi  de  la  fluoresc^ine.    QulL  Soc.  beige  g4oI.,  etc.,  voL  17. 
1903,  proc.-verb.,  p.  265. 

Choix  de  I'emplaoement  des  cimetiftres.    Boll.  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc-verb., 

p.  112. 

£:tude  des  sources  de  valines  de  i'Yonne  et  de  la  Cure;  deuxiftme  rapport.    Commiaaion  de 

Montsouris:  travaux  de  1902,  p.  151. 

£tude  du  p^rim^tre  d'allmentation  de  la  Dhuis.    Commission  de  Montsouris:  travaux  de  1900 

et  1901,  p.  179;  travaux  de  1902,  p.  151. 

La  fldvre  typholde  k  Auxerre  en  1902.    Revue  d'hygi^ne  et  de  police  sanitaiie,  vol.  24,  p.  486l 

Les  experiences  k  la  fluoresceine  et  les  recherches  hydrologiques  eflectuees  pour  la  viUe 


d' Auxerre.    Bull.  Soc.  sci.  hist,  et  nat.  de  i'Yonne,  pt  1, 1903. 
—    Hethode  employee  par  la  vilie  de  Paris  pour  i'etude  des  eaux  de  sources.    Bull.  Soc.  sci.  hist, 
et  nat.  de  I'Yonne,  pt.  2, 1902,  p.  27 

Note  sur  une  experience  k  la  fluoresceine  efloctuee  k  cerisiers.    Conunlssion  de  Montsooria: 


travaux  de  1902,  p.  127. 

Sources  de  la  Dhuis:  resume  du  rapport  presente  k  la  Commission  de  Montsouris. 

Sur  le  mode  de  propagation  de  la  fluoresceine  sous  terre.    Bull.  Soc.  beige  geol.,  etc.,  voL  17, 

1903,  proc.-verb.,  p.  249;  mem.,  p.  515. 

LiOHEST.    Lettres  sur  la  fluoresceine.    Bull  Soc.  beige  geol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  266. 
Marboutin.    Sur  Tobservation  du  trouble  dans  les  eaux  de  sources.    Bull.  Boo.'  beige  geol.,  etc.,  vol, 
17, 1903,  proc.-verb.,  p.  447. 

Essai  sur  la  propagation  des  eaux  souterraines.    Bull.  Soc.  beige  geol.,  etc.,  vol.  17, 1903,  proc- 
verb.,  p.  273. 

Contribution  k  i'etude  des  eaux  souterraines.    Comptes  rendus  Acad,  sci.,  vol.  132,  p.  365. 

!£^udes  hydrologiques,  mission  du  Val  d'Orieans     Commission  de  Montsouris;  travaux  de 

1900-1901,  p.  401. 

Nouvelle  methode  d'etude  des  eaux  de  sources.    Mem.  Soc.  ingenieurs  civils  de  France,  voL  131* 

1901,  p.  365. 

Sur  la  propagation  des  eaux  souterraines;  nouvelle  methode  d'emplol  de  la  fluoresceine.    BolL 

Soc.  beige  geol.,  etc.,  vol.  15, 1901,  mem.,  p.  214. 

Martel.    Sur  Tapplication  de  la  fluoresceine  k  I'hydrologie  souterraine.    Comptes  lendus  Acad,  sci.* 
vol.  137, 1903,  p.  225.    Also  Bull  Soc.  beige  geol.,  etc,  vol.  17,  1903,  proc.-verb.,  p.  475, 

Notes  sur  la  vitesse  ct  les  retards  de  la  fluoresceme.    Bull.  Soc.  beige  geol.,  etc.,  vol.  17,  1903, 

proc-verb.,  pp.  265,  409. 

Sur  I'emploi  de  la  fluoresceine  en  hydrologie.    Bull.  Soc.  beige  geol.,  etc.,  vol.  17,  1903,  proc.- 
verb,  p.  342. 

Experiences  compiementaires  sur  la  fluoresceine.    BulL  Soc.  beige  geol.,  etc.,  voL  17,  1903, 

proc-verb.,  p.  643. 


USE    OF   FLUORESCEIN    IN   TRACING    WATERS.  85 

PuTZEYS.    Note  sur  U  flooresc^ine.    Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  263. 
Rabozek.    Notes  sur  la  fluoresc^ine.    Bull.  Soc.  belgo  g^ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  pp.  351,  541. 
Rabozeb  et  Rahib.    R^um^  synthctique  de  la  discussion  relative  k  Temploi  de  la  fluoresc^ine  pour 

r^tude  de  la  Vitesse  des  eaux  courantes  souterraines  et  k  I'air  llbre.    Bull.  Soc.  beige  g4ol.,  etc., 

vol.  17, 1903,  p.  (SaO. 
Rahib.    Une  exp<^rienoe  au  sujet  du  mode  de  propagation  de  la  fluoresc^ine.    Bull.  Soc.  beige  g^ol., 

etc.,  vol.  17, 1903,  proc.-verb.,  p.  398. 
RUTOT.    Nouvelles  instructions  k  suivre  pour  I'^tude  des  projets  d'alimentations  d'eau  potable  des 

communes  de  France.    Bull.  Soc.  beige  g^ol.,  etc.,  vol.  15, 1901,  proc.-verb.,  p.  74. 
Schabdt.    Notes  concemant  la  vitesse  de  propagation  de  la  fluoresc^ine.    Bull.  Soc.  beige  gdol.,  etc., 

vol.  17,  1903.  proc.-verb.,  p.  293. 
Thiebby.    ^ude  hydrologique  et  hygi^nique  sur  le  courant  souterrain  des  Boachorons.    Commission 

de  Montsouris:  travauz  de  1902,  p.  161. 
Trillat.    Sur  I'emploi  des  matiftres  colorantes  pour  la  recherche  de  I'origine  des  sources  et  des  eaux 

d'lnfllt ration.    Comptes  rendus  Acad,  sci.,  vol.  128,  1809,  p.  608. 

Note  sur  la  fluoresc^ine.    Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17,  1903,  proc.-verb.,  p.  261. 

Essai  sur  I'emploi  des  matiferes  colorantes  pour  la  recherche  des  eaux  d'lnfiltration.    Bull.  Soc. 

beige  gdol.,  etc.,  vol.  17, 1903,  proc.-verb.,  p.  301.    Also  Annal.  Inst.  Pasteur,  vol.  18,  pp.  444-451. 

Van  Den  Bboeck.    Lea  recheiches  de  MM.  Marboutin  et  Schloesing  au  sujet  de  I'^tude  des  eaux  pota- 
bles.* Bull.  Soc.  beige  g4ol.,  etc.,  vol.  15,  1901,  proc.-verb.,  p.  165. 

La  Lesse  souterniine  et  sa  travers6e  sous  les  deux  boucles  do  Furfooz  et  Chaleux,  demontrto 

par  la  fluoresc^ine.    Bull  Soc.  beige  de  g6ol.,  etc.,  vol.  17,  1903,  proc.-verb.,  p.  70;  m^m.,  p.  119. 

L'independance  de  sources  d'origines  et  de  temperatures  difl^rentes  infirm^  par  la  fluores- 

e^ine.    Bull.  Soc.  beige  gdol.,  etc.,  vol.  17. 1903,  proc.-verb.,  p.  403. 

Notes  sur  la  fluoreac^ine.     Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17, 1903,  proc.-verb.,  pp.  240,  355,  391. 

Van  Den  Bboeck  et  RAms.    Exhibition  d'un  tholom&tre,  nouvel  appareil  pratique  destine  k  mcsurer 

le  degn^  de  transparence  des  eaox.    Bull.  Soc.  beige  gdol.,  etc.,  vol.  17,  1903,  proc.-verb..  p.  448. 

Experiences  sur  la  density  de  la  fluore-sc^ine  dissoute  dans  I'eau  et  sur  la  vitesse  de  propagation 

de  oette  matiftre  colorante.    Bull.  Soc.  beige  g^ol.,  etc.,  vol.  17,  proc.-verb.,  1903,  p.  531. 


PECULIAR  MINERAL  WATERS  FROM  CRYSTALLINE 
ROCKS  OF  GEORGIA. 


By  Myron  L.  Fuller. 


INTRODUCTION. 

In  this  paper  are  described  a  number  of  wells  and  springs  in  the  Piedmont  area  of  Geoiigia 
which,  in  view  of  the  character  of  the  rock  in  which  they  are  sunk,  afford  mineral  waters 
of  remarkable  ciiaracter.  The  attention  of  the  writer  was  called  to  the  springs  by  \fr. 
S.  W.  McCallie,  assistant  State  geologist  of  Georgia,  who  accompanied  him  on  a  visit  to 
the  locality  and  courteously  furnished  a  number  of  analyses  made  by  Dr.  Edgar  Everiiart, 
of  the  local  survey. 

The  waters,  which,  for  supplies  coming  from  crystalline  rocks,  are 'enormously  hi^  in 
chlorine  and  sulphates,  are  obtained  from  a  number  of  wells  and  springs  situated  near  the 
town  of  Austell,  on  the  Southern  Railway,  in  Cobb  County,  near  the  Douglas  County  line, 
20  miles  northwest  of  Atlanta  and  a  little  west  of  Sweetwater  Creek,  a  tributary  of  Chat- 
tahoochee River.  They  are  included  in  the  Marietta  quadrangle  of  the  United  States 
Geological  Survey.  One  spring  and  three  wells  have  been  developed  within  a  short  dis- 
tance of  the  town,  their  waters  being  placed  on  the  market  for  medicinal  purposes. 

DESCRIPTION  OF  WELLS  AND  SPRINGS. 

BORDEN   LITHL4   SPRING. 

This  spring,  which  is  situated  about  a  mile  south  of  Austell  and  a  similar  distance  north- 
east of  Lithia  Springs  station,  is  stated  to  be  the  most  important  spring  in  Georg;ia  from 
the  standpoint  of  value  of  shipments.  The  water  issues  from  a  crevice  in  the  bottom  of 
a  basin  blasted  out  to  a  depth  of  several  feet  in  the  gneissoid  granite,  which  here  outcrops 
in  strong  ledges  of  almost  unweathered  rock.  The  basin  is  protected  by  a  glass  covering, 
and  all  surface  seepagn  is  carefully  excluded.  The  yield,  which  is  about  3  gallons  a  min- 
ute, is  very  constant,  and  the  water  has  shown  no  noticeable  change  in  composition  since 
first  discovered  many  years  ago.  In  fact,  the  locality,  because  of  the  visits  of  deer  to  it 
for  salt,  has  been  known  to  the  Cherokee  Indians  as  the  "deer-lick''  from  the  time  of  their 
earliest  traditions. 

The  composition  of  the  water  is  shovm  in  the  table  of  analyses  on  page  88.  The  tem- 
perature is  normal. 

The  principal  spring  at  Austell  was  originally  a  few  hundred  feet  west  and  across  the 
strike  from  the  Borden  spring,  but  was  ruined  some  years  ago  by  an  ingress  of  fresh  water 
brought  about  by  blasting  in  an  effort  to  increase  the  flow. 

Another  salt  spring,  known  as  the  Medlock  spring,  is  located  a  short  distance  from  the 
Medlock  well  (see  p.  87),  but  is  no  longer  used,  and  no  analysis  of  its  water  was  made.  In 
composition,  however,  the  water  appears  to  be  similar  to  those  of  neighboring  wells  and  of 
the  Borden  Lithia  Spring. 
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ARTESIAN   LITHIA    WELL. 

This  well,  which  is  located  near  Sweetwater  Creek,  a  little  north  of  Austell,  is  2  inches  in 
diameter  and  is  reported  by  some  to  be  900  feet  deep,  though  others  state  that  it  is  not 
over  750  feet.  It  appears  to  have  been  put  down  in  search  of  anthracite  coal,  which  some- 
one imagined  could  be  found  in  the  granite  of  the  region.  The  well  penetrated  for  most  of 
the  way  a  gneissic  rock,  with  which,  it  is  said,  some  thin  homblendic  layers  were  inter- 
bedded.  The  water,  which  is  encountered  in  fissures  at  a  number  of  different  depths, 
rises  nearly  to  the  surface.  It  has  a  distinct  saline  taste,  similar  to  that  of  the  Borden 
Ldthia  Spring.  An  analysis  is  given  in  the  table  on  page  88.  This  water,  which  is  sup- 
plied at  the  rate  of  several  gallons  a  minute  without  reference  to  season,  is  sold  somewhat 
extensively  as  a  mineral  water. 

An  interesting  point  in  connection  with  the  occurrence  of  this  saline  water  is  that  the 
Siilpho-Magnesia  well,  which  was  drilled  to  a  depth  of  750  feet  only  a  short  distance  from 
the  Artesian  Lithia  well,  obtained  only  fresh  water,  although,  so  far  as  could  be  deter- 
mined, the  same  succession  of  rocks  was  penetrated. 

HEDLOCK   WELI.. 

This  well  is  located  near  the  left  bank  of  Sweetwater  Creek,  five-eighths  of  a  mile  north- 
west of  Austell  station  and  a  few  hundred  yards  southwest  of  the  Sulpho-Magnesia  well. 
It  is  6  inches  in  diameter,  65  feet  deep,  and  yields  a  supply  of  several  gallons  a  minute 
from  a  fissure  near  the  bottom  of  the  well,  the  water  rising  to  within  a  few  feet  of  the 
surface.  Except  5  feet  of  surface  alluvium,  the  well  is  in  a  fine-grained  gneiss.  The  com- 
position of  this  water,  which  is  highly  saline,  is  shown  in  detail  in  the  table  on  page  88. 

J.   H.    LOUCH   WELL. 

This  well,  which  was  drilled  in  1903,  is  located  a  few  hundred  feet  from  the  Medlock  well. 
It  is  6  inches  in  diameter,  80  feet  deep,  and  furnishes  1,500  gallons  of  water  per  day  of 
twenty-four  hours,  the  water  rising  to  within  5  feet  of  the  surface.  The  rock,  as  in  the 
Medlock  well,  is  a  fine-grained  gneiss.  The  water,  which  is  very  similar  to  the  preceding, 
is  put  on  the  market  in  considerable  amounts.    The  analysis  is  given  in  the  table  on  page  88. 

OTHER  WELLS. 

In  addition  to  the  saline  wells  already  described  and  the  Sulpho-Magnesia  nonsaline  well, 
there  are  four  deep  wells  within  the  corporate  hmits  of  Austell.  Two  of  these,  near  the 
railroad  station,  are  133  and  150  feet  deep,  respectively.  Of  the  two  others  one  is  located 
at  the  Lithia  Springs  Hotel,  and  is  5)  inches  in  diameter  and  150  feet  deep.  The  other  is 
the  Brunk  well,  near  Spring  street,  one-half  mile  south  of  the  station.  It  is  6  inches  in 
diameter  and  110  feet  deep. 

The  water  in  all  four  wells  is  low  in  mineral  matter,  soft,  and  free  from  salt,  and  is  well 
suited  for  domestic  or  boiler  purposes.  So  far  as  can  be  determined  it  comes  from  crevices 
similar  to  those  from  which  the  saline  waters  are  obtained  and  from  the  same  kind  of  rock. 
The  locations  are  not  such  as  to  suggest  any  difference  in  geologic  conditions. 

COMPOSITION  OF  THE  WATERS. 

ANALYSES. 

The  composition  of  the  waters  is  best  shown  by  chemical  analyses,  a  number  of  which 
made  by  Doctor  Everhart,  are  given  in  the  table  below.  The  analyses  in  the  first  four 
columns  are  of  the  saline  mineral  waters,  while  that  in  the  fifth  column  is  of  the  nearly 
normal  water  from  the  Sulpho-Magnesia  well,  which  is  given  for  purposes  of  comparison. 
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Analyses  ofrveU  and  spring  waters ^  AvMeUf  Ga. 
[Parts  per  million.] 


Ionic  tUUemejU. 

Iron  ( Fe) 

Aluminum  ( Ai) 

Manganese  (Mn) 

Calcium  (Ca) 

Magnesium  (Mg) 

Barium  (Ba) 

Lithium  (Li) 

Sodium  (Na) 

Potassium  (K) 

Silica  (SlOi) 

Carbonate  ion  (C0|) 

Free  carbon  dioxide  (COj) 

Sulphate  ion  (SO*) 

Phosphate  ion  ( PO4) 

Chlorine  (01) 

Bromine  (Br) 

Arsenic  (AS) 

Iron  oxide  and  alumina  (FoiO>+ AhOa) . 

Analyst's  combinations. 

Manganese  oxide  (MnO) 

Iron  carbonate  (FeCOi) 

Aluminum  sulphate  ( Als(SO0>)  

Manganese  carbonate  (MnCOi) 

Calcium  carbonate  (CaCO») 

Calcium  sulphate  (CaSO«) 

Magnesium  carbonate  (MgCOi) 

Magnesium  sulphate  (MgSOi) 

Barium  sulphate  (BaSOO 

Lithium  chloride  (LlClj) 

Sodium  carbonate  (Na«CO») 

Sodium  sulphate  ( NaiSOO 

Sodium  phosphate  (NajH  POO 

Sodium  arsenlte  (NaAsOi) 

Sodium  chloride  ( NaCl) 

Sodium  bromide  (NaBr) 

Potassium  sulphate  (KaSOO 

Potassium  chloride  (KCl) 

Potassium  bromide  (KBr) 


Saline  waters. 


Bowden 
Llthla 
Spring. 


1.05 
1.33 
.20 
116  8 
9.2 
.18 
56 
702  3 
20  3 
32.6 
803 
70.9 
181.4 
27 
1,101  6 
20.7 
.10 


Artesian 
Llthia 
well. 


0.21 
.48 


120  8 

12  9 

.14 

17.0 

650.9 

5.3 

24.3 

113.6 

80.0 

178.1 

.54 


Medlock 
well. 


Trace. 
473.8 
53.8 


145 

2,790.6 

64.3 

26.2 


Louch 
well. 


I  NonaaJ  ra 
'    waters. 

I    Sulphf»- 

w<-Il. 


709.8 
.15 
4,769.3 


Trace. 


0.45 
.40 
Trace. 
194.5 
2&9 
.22 
8.8 
1,995.1 
63.9 
11.6 
35.0 
70.1 
581.2 
Tracp. 
3,134.2 
2.8 


I 


4  4 

10  9 
.50 
156  6 
183.9 


.90  I 
3.9    ! 


189.3 
153.2 


45  9    I 

30  '. 

34.0    I 


64.2 


47.0 


.30 

.80 

.40 

1785.0 


21.1 
.80 


1634.3 
4.0 


Total  solids. 


.30 
30.8    ] 


16.2 


2,286.6    ,  2,159.2 


Trace. 

40  7 

787.4 

267.6 


41  9 


.20 


7093.8 


1.22  j 
1.36 


670.8 


133.3 
.38 
24.6 


Trace. 


5070.9 


122.8 


I 

119.5    I 
4.2    I 


9,058.0 


6,096.0 


I 


tt«l 

Trac*', 
25  0 

Xti 

2.5 
11-1 

4.2 
1S.0 
51-5 
82-7 

3.0 
.47 


Traop. 


Tracp. 
2.6 
5.5 


62.5 

12,6 


24.8 
1.2 

Trac<». 


&.1 

3.7 

Tract\ 


131.4 


Edgar  Everhart,  Geological  Survey  of  Georgia,  analyst. 

COMPARISON    WITH    NORMAL   WATERS. 

A  comparison  of  the  analyses  of  the  mineral  waters  near  Austell  with  the  normal  waters 
of  the  region  brings  out  some  interesting  features.  Although  the  total  solids  in  the  min- 
eral waters  are  from  16  to  70  times  as  great  as  in  the  normal  water,  the  iron  constituent  i^: 
practically  the  same  and  in  one  case  even  less  than  in  the  ordinary  water.  The  calcium,  on 
the  other  hand,  varies  from  4  to  20  times,  the  magnesia  from  3  to  15  times,  the  sodium  from 
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60  to  250  times,  and  the  potassium  from  about  the  same  to  15  times  as  much  as  in  the  nor- 
mal water.  The  silica,  though  varying  from  less  than  the  amount  in  the  unmineralized 
wat-er  to  twice  this  amount,  is  essentially  normal. 

Not  only  does  the  absolute  amount  of  the  mineral  ingredients  vary  greatly,  but  the  pro- 
portion of  the  principal  mineral  substances  also  varies  considerably,  as  shown  in  the  fol- 
lowing summary  of  the  relative  percentages  of  chlorine,  sodium,  magnesium,  calcium,  and 
potassium — five  of  the  more  important  constituents  of  the  waters. 

Summary  of  percentage  compositi&n 


Calcium  (Ca) 

Magnosium  (Mg) . 

Sodium  (Na) 

Potassium  (K)... 
Chlorine  (CI) 


Average  of 
four  Aus- 
tell miner- 
al waters. 


5.2 
.6 

35.4 
.9 

67.9 


100.0 


1.2 
3.5 

28.2 
1.0 

66.1 


Normal 
Austell 
water. 


100.0 


4&6 
6.9 

21.4 
8.2 

14.9 


100.0 


In  no  instance  does  the  amount  of  an  ingredient  in  the  Austell  mineral  waters  occur  in 
anything  like  the  same  proportion  as  in  the  normal  water.  The  disagreement  in  the  prin- 
cipal constituents — chlorine,  sodium,  and  calcium — is  especially  marked,  being  as  57.9: 
14.9,  35.4:21.4,  and  5.2:48.6,  respectively. 

GEOLOGIC  CONDITIONS. 


LOCATION. 

The  Aust«ll  springs  and  wells  are  situated  about  20  miles  northwest  of  Atlanta,  and  are 
therefore  located  within  the  limits  of  the  Piedmont  Plateau.  TI^b  distance  from  Austell 
to  the  borders  of  the  Coastal  Plain  area  to  the  southwest  is  about  90  miles,  while  the  meta- 
morphosed sedimentary  Ocoee  beds  lie  at  a  distance  of  about  10  miles  to  the  northwest. 
The  nearest  point  at  which  the  later  Paleozoic  rocks  occur  is  over  20  miles  to  the  north- 
west. 

The  rocks  in  the  vicinity  of  the  spring  and  in  the  adjacent  region  in  general  are  prevail- 
ingly of  the  gneissic  type  so  common  in  the  Piedmont  area  of  this  part  of  Georgia,  although 
some  more  basic  rocks  occur  as  interbedded  bands  in  the  near  vicinity.  No  unaltered  sedi- 
mentary rocks  occur  nearer  than  the  later  Paleozoic  border,  20  miles  to  the  northwest. 

CHARACTER   OF  ROCKS. 

The  rock  from  which  the  water  issues  is  a  light-gray  granite  with  a  well-marked  gneis- 
soid  structure,  which  strikes  with  considerable  uniformity  in  a  north-south  direction  and 
is  inclined  at  an  angle  of  about  45°  to  the  east.  The  granite  appears  to  he  interrupted  by 
bands  of  a  dark  hornblende  schist,  a  belt  of  which  outcrops  a  short  distance  east  of  the 
wells  and  springs.     The  same  or  a  similar  rock  was  also  encountered  in  the  deeper  wells. 

A  microscopic  examination  of  the  granite  by  Albert  Johannsen  showed  it  to  consist  essen- 
tially of  quartz,  microcline  feldspar  with  a  little  albite  and  biotite-mica.  The  accessary 
minerals  are  titanite,  apatite,  and  a  little  zircon.  The  composition  was  normal,  no  min- 
erals being  recognized  which  could  have  furnished  the  chlorine  that  is  so  abundant  in  the 
waters  of  the  wells  and  springs.  • 

The  dark  schist  when  examined  under  the  microscope  was  found  to  consist  mainly  of 
hornblende,  with  quartz,  augite,  and  a  liLtlc  plagioclase  feldspar.  As  in  the  case  of  the 
granite,  nothing  was  recognized  which  could  have  afforded  the  chlorine  of  the  mineral 
waters. 
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Owing  to  the  mantle  of  decomposed  rock  constituting  the  surface  throughout  the  Pied- 
mont belt,  joints  are  not  so  noticeable  as  in  many  regions.  They  are,  however,  to  be  aec'ii 
in  greater  or  less  abundance  in  practically  all  the  quarries  throughout  the  belt.  There  an 
several  different  series  which  in  a  given  district  are  generally  fairly  constant  in  direction. 
The  best  developed  joints,  according  to  T.  L.  Watson,  have  nearly  due  east-west  or  north- 
south  directions,  although  in  many  instances  the  major  series  trend  northwest  and  south- 
east. 

SOURCES  OF  MINERALIZATION. 

SURFACE   ROCKS. 

With  the  exception  of  the  apatite  in  the  gneissoid  granite  no  mineral  capable  of  yielding 
chlorine  is  present  in  the  surface  rocks  of  the  region,  and  even  the  apatite  is  present  only 
in  exceedingly  small  amounts — no  more  than  in  all  of  the  granites  of  the  region — and  is 
not  sufficient  to  account  for  the  wide  variation  of  the  Austell  waters  from  the  normal. 
The  same  is  true  of  the  hornblende  schist,  making  it  clear  that  the  source  of  mineraliza- 
tion lies  outside  the  rocks  from  which  the  springs  issue  and  from  which  the  welJs  draw 
their  supplies. 

DEEP-SEATED  ROCKB. 

The  derivation  of  the  mineral  matter  from  the  surface  rock  by  meteoric  waters  being 
apparently  ruled  out  because  of  the  absence  of  minerals  capable  of  furnishing  to  the  water 
the  dissolved  substances,  especially  the  chlorine,  a  deeper^eated  origin  suggests  itself.  To 
furnish  chlorine  in  the  amounts  observed  contact  of  the  meteoric  waters  with  some  rock 
rich  in  sodalite  or  apatite  must  be  postulated.  This  might  be  a  sodalite-syenite  or  other 
syenite  rich  in  sodalite,  or  a  granite  or  similar  rock  high  in  apatite,  and  might  be  assumed 
to  occur  as  a  granitic  or  pegmatite  intrusion  reaching  within  the  limit  of  circulating  watere. 
but  failing  to  reach  the  surface.  An  analysis  made  by  N.  Sahlbom  of  a  pyroxene-«patiti>^ 
syenite  from  Finland  showed  14  per  cent  of  apatite,^  which  if  it  was  a  chloro-«patit€ 
would  be  equivalent  to  0.9  per  cent  of  chlorine.  In  the  sodalite-syenites  the  chlorine  may 
run  even  higher,  one  sample  of  such  rock  from  Greenland  analyzed  by  N.  V.  Ussing  show- 
ing 2.25  per  cent  chlorine.  &  Bearing  in  mind  that  the  chloride  minerals  are  in  general 
much  more  soluble  than  the  silicate  minerals,  one  easily  sees  that  rocks  of  the  character 
indicated  might  well  bo  the  source  of  saline  waters.  No  such  rocks,  however,  have  been 
reported  in  the  part  of  Georgia  under  consideration,  and  if  they  occur  they  must  be  deep 
below  the  surface. 

MAOHATIC   WATERS. 

It  may  bo  conceived  that  instead  of  forming  a  part  of  the  circulating  system  of  meteoric 
waters  and  deriving  its  mineral  matter  from  some  deep-seated  rock  with  which  it  came  into 
contact,  the  mineral  water  may  represent  what  is  known  as  magmatic  water,  or  that 
excluded  on  cooling  from  some  molten  rock  such  as  may  have  been  intruded  at  some  point 
below  the  surface  near  Austell.  What  has  been  said  in  regard  to  the  absence  of  evidence 
as  to  the  existence  of  chlorine-bearing  rocks  applies  with  equal  force  to  intrusions  capable 
of  furnishing  the  magmatic  waters.  There  is  little  evidence  of  disturbance  of  any  kind  in 
this  region,  cither  dynamic  or  igneous,  in  lat«  geologic  time,  and  if  the  water  is  of  m^- 
matic  origin  it  probably  represents  an  intrusion  of  considerable  age. 

IMPRISONED   SEA   WATERS. 

As  the  general  character  of  the  Austell  mineral  water  was  suggestive  of  a  sea  water,  figurrs 
showing  the  relative  composition  of  the  latter  have  been  inserted  in  the  summary.  The 
resemblance  of  the  two  is  very  marked  in  the  case  of  nearly  every  constituent. 


o  Washington,  H.  S.,  Chomicar  nnalyaes  of  igneous  rocks:  Prof.  Paper  U.  S.  Geol.  Survey  No.  14. 
1903,  p.  313. 
6  0p.  cit.,p.  303. 
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In  the  case  of  silica,  however  (not  included  in  the  summary),  a  difference  is  noted.  The 
lowest  amount  in  the  Austell  waters  is  11.6  and  the  highest  32.6  parts  per  million.  In  sea 
water,  however,  ordinarily  only  from  2  to  5  parts  per  million  are  present.  The  difference, 
however,  is  probably  not  so  great  as  would  appear,  as  in  the  process  of  analyses  the  sea 
water  was  filtered  before  determination  of  the  silica,  while  the  spring  waters  were  proba- 
bly not  filtered.  Unfiltered  sea  water  often  gives  results  quite  as  high  as  that  of  the  Austell 
springs. 

SUMMARY. 

Four  possible  explanations  of  the  source  of  mineralization  of  the  abnormal  waters  of 
the  Austell  springs  have  been  suggested.  These  are:  (1)  That  the  mineral  matter  has 
been  derived  from  the  superficial  country  rock;  (2)  that  it  has  come  from  deep-seated 
sodalite  or  apatite-bearing  rocks;  (3)  that  it  represents  water  excluded  from  an  igneous 
magma,  and  (4)  that  the  water  is  in  the  main  an  imprisoned  sea  water  conducted  by  joints 
and  faults,  etc.,  from  the  area  of  sedimentary  rocks  to  the  northwest. 

The  difficulty  to  be  met  by  the  first  supposition  is  that  the  granite  and  schist  in  the 
vicinity  of  the  springs  and  wells  are  normal  and  incapable  of  furnishing  the  observed  chlo- 
rine. Except  near  the  north-south  line,  along  which  the  wells  and  springs  described  are 
located,  none  of  the  waters  from  the  granite  are  saline. 

llie  second  and  third  views  seem  more  probable,  but  the  rarity  of  rocks  high  in  sodalite 
or  apatite,  and  the  improbability  that  buried  masses  of  such  rocks  or  recent  intrusions 
occur  at  the  particular  point  under  discussion,  since  they  are  not  known  elsewhere  in  the 
region,  throw  doubt  on  these  explanations. 

The  origin  from  imprisoned  sea  water  is  favored  by  the  percentage  composition  of  the 
mineral  waters,  which  is  almost  identical  with  that  of  sea  water.  The  few  minor  points  of 
difference  are  readily  explained  by  the  admixture  of  the  normal  fresh  waters  of  the  rock. 
The  presence  of  such  waters  m  close  proximity  to  the  fissures  bearing  the  salt  winter  is 
shown  by  the  breaking  m  of  fresh  waters  when  blasting  out  the  basin  of  the  original  spring, 
and  by  the  fresh  waters  encountered  by  the  four  nonsaline  wells  described.  The  slightly 
high  calcium  in  the  mineral  waters  as  compared  with  sea  water  could  be  produced  by  a 
very  slight  admixture  of  the  normal  waters  of  the  locality. 

The  difficulty  under  the  last  hypothesis  of  origin  lies  in  the  absence  of  any  source  for 
the  water.  The  crystallme  rocks  have  not,  as  far  as  known,  been  covered  by  the  sea  since 
Archean  time.  The  distance  of  the  springs  from  sedimentary  rocks,  the  metamorphism 
of  the  latter  at  the  pomts  nearest  the  springs,  the  rarity  of  saline  waters  even  within  the 
area  of  the  sedimentary  rocks,  and  our  present  lack  of  knowledge  of  any  connection  by 
faulting  or  jointing  with  these  locks  are  further  difficulties  in  the  way  of  the  acceptance  of 
such  an  origin.  At  the  same  time  the  lateral  transition  of  water  through  joints  or  similar 
passages  for  long  distances  is  not  unknown.  The  writer  has  called  attention  to  such  a 
case  on  Fishers  Island,  New  Vork,a  the  distance  in  that  instance  being  at  least  6  or  7  miles. 

While  the  waters  of  the  sedimentary  area  are  in  general  not  saline,  such  waters  have 
been  noted  in  the  region.  A  well  m  Chickamauga  Park,  the  waters  of  which  were  analyzed 
by  Dr.  Edgar  Everhart,  of  the  Geological  Survey  of  Georgia,  showed  a  total  of  nearly 
60,000  parts  of  sodium  chloride,  or  several  times  the  amount  in  the  Austell  waters. 

CONCLUSION. 

It  is  the  opinion  of  the  writer  that  of  the  four  sources  of  mineralization  enumerated  the 
first  may  be  omitted  from  consideration.  Of  the  remainder  the  probabilities  of  the  second 
and  third  are  primarily  about  equal  and  either  may  well  be  the  true  explanation.  Owing, 
however,  to  the  close  agreement  in  percentage  composition  between  the  Austell  mineral 
and  ordinary  sea  water,  the  hypothesis  of  imprisoned  sea  water  conducted  from  the  sedi- 
mentary area  by  joints  or  faults  to  the  point  of  emergence  is  not  considered  entirely  impos- 
sible, notwithstanding  the  serious  difficulties  in  the  way  of  such  transmission. 

a  Geology  of  Fishers  Island:  Bull.  Geol.  See.  America,  vol.  16, 1905,  p.  372. 
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By  Isaiah  Bowman. 


INTRODUCTION. 

There  exists  at  ttie  present  time  a  considerable  body  of  legal  decisions  relating  to  the 
disposition  or  the  pollution  of  underground  waters.  These  decisions  are  the  outgrowth  of 
controversies  between  well  owners,  and  are  based  on  real  or  supposed  facts  conoeming  the 
'  nature  and  movement  of  subterranean  waters.  In  recent  years  our  knowledge  of  the  rela- 
tion of  water  movement  to  rock  structure  and  other  factors  has  been  greatly  extended,  and 
it  is  not  surprising,  therefore,  that  the  decisions  which  would  be  affected  by  new  acquisitions 
of  knowledge  should  be  inadequate  when  applied  to  cases  at  present  under  consideration. 
To  secure  justice  in  an  action  in  tort  decisions  should  be  rendered  not  in  accordance  with 
precedent,  but  in  accordance  with  the  principles  of  justice  sought  to  be  established  in  pre- 
ceding cases,  the  present  better  knowledge  of  the  facts  being  taken  into  account. 

This  condition  is  illustrated  in  several  sections  of  the  country  to-day,  and  it  is  desired  here 
to  present  such  cases  in  the  hope  that  they  may  lead  to  worthy  results  both  in  the  construc- 
tion and  care  of  wells  of  every  variety  and  in  the  revision  or  promulgation  of  statutes 
intended  to  cover  adequately  the  principles  involved. 

OIL  AND  GAS  WELLS. 

In  the  oil  and  gas  regions  of  Pennsylvania,  Indiana,  Kansas,  Texas,  and  other  States  con- 
siderable damage  has  been  done  by  improperly  allowing  water  to  enter  oil  and  gas  sands  to 
the  exclusion  of  the  oil  and  gas.  The  results  have  been  so  grievous  that  laws  have  been 
enacted  in  nearly  every  State  where  these  substances  are  prospected  looking  toward  their 
protection.  By  properly  plugging  abandoned  holes  wherever  such  water  is  known  to  enter, 
the  driller  has  discharged  his  duties  according  to  law  by  preventing  contamination. 

WATER  WELLS. 

DECAY  OF  CASINOS. 

In  the  case  of  water  wells,  which,  as  a  class,  are  of  much  wider  distribution  than  either  oil 
or  gas  wells,  the  same  care  is  not  exercised,  though  the  results  are  sometimes  as  pernicious  as 
in  the  preceding  cases,  if  not  of  as  great  economic  importance.  In  many  States,  as,  for  exam- 
ple, in  Michigan,  Wisconsin,  and  Washington,  it  has  been  made  unlawful  for  a  well  owner  to 
allow  water  from  an  artesian  well  to  escape  in  needless  amounts  through  the  opening  in  the 
pipe  at  the  surface.  Often,  however,  it  can  be  shown  that  even  where  such  precautions  are 
taken  large  amounts  of  water  are  being  lost  continually  through  defective  casing. 

When  iron  piping  is  put  into  the  ground  in  the  form  of  a  sewer,  it  is  not  expected  to  last 
more  than  ten  or  fifteen  years  at  the  longest,  but  if  it  is  put  into  the  earth  in  the  form  of 
well  casing  there  is  usually  no  consideration  of  its  longevity.  It  is  tacitly  assumed  to  last 
forever,  while  observations  on  casing  withdrawn  after  having  been  in  the  earth  both  short 
and  long  periods  show  conclusively  that  it  suffers  deterioration  and  decay,  and  should  be 
examined  at  short  intervals  for  resulting  defects. 

No  rule  can  be  laid  down  as  to  the  rate  of  decay,  which  will  depend  entirely  on  the  condi- 
tions in  individual  cases.  Casing  withdrawn  from  wells  fifteen  to  twenty  years  old  has  been 
found  to  be  in  reasonably  good  condition  except  at  the  joints,  though  the  usual  experience  is 
that  casing  of  this  age  is  too  badly  decomposed  to  be  withdrawn  at  all,  except  in  sections, 
and  even  this  is  not  always  possible.  On  the  other  hand,  if  the  waters  which  come  into  con- 
tact with  the  casing  are  heavily  charged  with  minerals,  their  reaction  on  the  pipe  usually 
results  in  more  rapid  decay.  At  Dallas,  Tex.,  the  writer  observed  holes  the  size  of  a  cent  in 
casing  withdrawn  after  having  been  in  the  earth  but  one  year.    The  strong  mineral  waters 
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in  one  of  the  formations  of  that  State,  the  Glen  Rose,  had  so  damaged  the  casing  that  it  was 
little  better  than  a  sieve. 

CONDITIONS   OF  CONTAMINATION. 

Some  general  considerations  at  this  time  will  make  clearer  the  cases  discussed  in  a  later 
paragraph  and  may  also  throw  light  on  future  difficulties  in  problems  of  water  supply  or 
contamination. 

Let  us  assume  a  condition  which  is  so  frequent  throughout  the  country  as  to  need  no  spe- 
cific illustration — that  of  deep  waters  under  much  greater  head  than  those  lying  nearer  the 
surface,  and  further  assume  the  no  less  common  condition  of  defective  casing — and  we  arrive 
at  the  result  that  large  quantities  of  water  must  be  lost  before  reaching  the  surface.  Again, 
let  us  assume  that  the  deeper  water  has  been  found  to  be  unsatisfactory  for  domestic  pur- 
poses because  of  dissolved  minerals  and  that,  while  it  rises  in  the  well  hole  with  artesian 
efTect,  it  does  not  flow  at  the  surface.  If  the  well  is  now  abandoned,  the  decay  of  the  casing 
will  in  time  allow  this  wat^r  access  to  higher  water-bearing  strata,  and  its  entrance  will  mark 
the  beginning  of  pollution  of  the  upper  waters.  Before  the  condition  is  remedied,  at  the 
average  speed  with  which  municipal  authorities  move  in  mattei*s  of  this  sort,  enough  of  the 
mineral  substances  will  have  entered  and  been  deposited  in  the  upper  strata  to  make  their 
redemption  by  natural  filtration  long  and  difficult. 

PREVENTION  OF  CONTAMINATION. 

Plugging. — ^The  primary  cause  of  the  trouble  must  be  dealt  with,  the  polluting  waters 
being  shut  out  by  plugging  the  bore  hole  above  the  point  where  such  waters  enter.  This 
i.H  done  by  driving  down  a  wooden  plug,  which  expands  under  the  action  of  water  and  fits  the 
well  wall  snugh\  Earth  is  then  thrown  over  the  plug,  which  compacts,  and  by  the  time  the 
plug  has  decayed  is  itself  a  preventive  of  further  trouble.  Various  modifications  may  be 
introduced  into  specific  cases  which  will  complicate  the  problem,  but  a  remedy  can  undoubt- 
edly be  found  in  each  case. 

Use  of  packers. — Where  a  hole  is  drilled  in  firm  rock,  throughout  its  entire  length  water 
may  and  often  is  derived  from  several  strata — let  us  suppose  three.  If  one  of  the  sources 
proves  unpalatable,  it  is  necessary  to  separate  the  different  waters  and  determine  the  source 
of  the  undesirable  water.  This  may  be  done  by  temporarily  shutting  off  two  of  the  sources, 
thereby  testing  each  one. separately.  If  it  is  desired  to  test  the  lowest  source,  an  expanding 
hollow  rubber  plug  or  packer  is  inserted  above  it,  with  a  pipe<'onnecting  the  top  of  the  packer 
and  the  well  head.  Clutches,  working  automatically,  keep  the  lower  part  of  the  packer  in 
position,  while  the  weight  of  the  attached  pipe  presses  down  the  upper  part  of  the  packer. 
By  this  means  the  middle  part  of  the  packer  is  forced  to  expand  and  to  fit  the  walls  of  the 
well  tightly.  The  lowest  water  is  then  drawn  from  the  well  through  the  attached  pipe,  being 
by  the  above  means  entirely  separated  from  the  waters  above.  By  the  proper  adjustment  of 
pipes,  packerj,  and  plugs  each  of  the  waters  can  be  separated  and  examined  in  turn. 

The  remedy  applied  to  a  particular  case  will,  of  course,  depend  on  the  nature  of  the  above 
determinations.  If  the  lowest  water  is  found  to  be  the  source  of  trouble,  it  may  be  plugged 
off,  as  already  explained.  Should  the  uppermost  water  be  unpalatable,  it  may  be  shut  off 
by  applying  a  rubber  packer  below  the  undesirable  water-bearing  stratum  and  drawing 
water  for  use  from  the  pipe  connecting  with  the  lower  waters.  In  some  cases  it  may  be  pos- 
sible to  keep  a  water  of  inferior  quality  in  the  rock  by  natural  means.  For  instance,  in  drill- 
ing for  an  additional  supply  the  driller  may  come  to  a  sand  in  which  the  water  is  of  lower 
head  than  the  upper  waters  through  which  he  has  passed.  In  this  event  he  may  allow  natu- 
ral infiltration  from  the  upper  waters  into  the  undesirable  bed  to  take  place.  Unless  the 
well  is  pumped  too  vigorously  this  will  serve  as  a  remedy,  but  the  total  yield  of  sweet  water 
could  in  this  case  be  utilized  only  by  plugging  the  lowermo-^t  water. 

NEED  OF   CAREFUL    INVESTIGATIONS. 

The  only  way  by  which  municipal  interests  could  be  protected  under  any  of  the  above  con- 
ditions would  be  by  making  a  thorough  examination  of  the  well  hole  and  an  exploration  of 
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the  amount  and  quality  of  each  water  contributing  to  the  yield  of  the  well.  This  would  be 
very  greatly  facilitated  by  having  at  hand  a  log  of  the  well — that  is,  a  record  of  the  charart<?r 
and  extent  of  each  of  the  formations  through  which  the  bore  hole  had  been  drilled.  Tht> 
has  been  recognized  by  one  State  at  least.  South  Dakota  requires  this  in  the  following 
statute: 

It  is  hereby  made  t!he  duty  of  the  township  board  to  embody  In  the  contract  for  the  sink:ng  of  5aiJ 
public  artesi<in  wells  a  proviso  that  the  person  sinking  said  wells  shall  make  a  record  ofthe  depth  of  eut-L 
well  and  the  formations  entered  or  passed  through  in  the  construction  of  the  same,  and  such  provision  i« 
hereby  made  an  essence  of  the  contract,  and  a  violation  thereof  shall  be  construed  to  l)e  a  violation  of  the 
contract.     (Laws,  1891,  chap.  80,  sec.  35.) 

It  is  interesting  to  note  that  this  same  State  also  requires  that  every  person  sinking  an 
artesian  well  shall  provide  for  such  well  a  proper  casing,  in  order  to  prevent  the  well  from 
caving  in,  and  to  prevent  the  escape  of  the  water  when  it  is  desirable  that  such  water  be  con- 
fined. It  is  not  clear,  however,  under  the  terms  of  the  law,  precisely  what  is  meant  by  a 
proper  casing,  inasmuch  as  through  the  decay  of  the  casing  it  may  fulfill  its  function  of  con- 
fining strata  or  water  for  several  months  only,  while  again  it  may  last  for  years. 

It  is  not  possible  at  this  time  to  take  up  in  greater  detail  the  means  by  which  the  bore  hole 
in  various  conditions  may  be  explored.  It  is  sufficient  here  to  state  that  such  exploration 
can  in  every  case  be  accomplished  along  scientific  lines,  and  that  more  and  more  this  is  actu- 
ally being  done. 

To  further  suggest  a  way  in  which  these  ideas  may  be  applied  in  a  practical  way  to  specific 
cases,  let  us  take  the  instance  of  the  partial  failure  of  a  given  water  supply  as  expressed  by  a 
loss  of  head.  Heretofore  this  has  generally  been  assumed  to  indicate  that  the  limit  of  avail- 
able waters  had  been  passed  and  that  in  some  way  means  should  be  adopted  looking  toward 
the  maintenance  of  head.  May  it  not  be  that  in  such  cases  the  loss  of  head  is  partly  or  even 
entirely  due  to  defective  casing,  which  allows  the  water  from  lower  sources  to  e:3cape 
through  the  pipe  and  enter  porous  nonwater-bearing  strata  at  a  higher  level,  or  to  enter 
water-bearing  strata  the  wat«r  of  which  is  standing  at  a  lower  head?  Several  cases  have 
come  to  the  writer's  notice  in  which  the  conditions  were  almost  identical  with  the  assumed 
case  above,  and  it  can  not  l^e  too  strongly  emphasized  here  that  some  such  result  as  the  one 
above  outlined  must  follow. 

SPECIAL   PROBLEMS   OF   CONTAMINATION. 

Two  specific  illustrations  of  some  of  the  above-mentioned  conditions  have  been  supplied 
to  the  writer  by  Mr.  J.  E.  Bacon  and  are  a  result  of  experiments  conducted  by  him  looking 
toward  the  improvement  of  the  water  supply  in  the  cities  of  Saginaw,  Mich.,  and  Dallas. 
Tex.  Mr.  Bacon's  kind  assistance  in  gathering  these  data  and  putting  them  at  the  dispot><il 
of  the  writer  is  hereby  gratefully  acknowledged. 

ConditioTis  at  Saginaw,  Mich. — At  Saginaw,  Mich.,  there  are  a  large  number  of  salt  wells, 
many  of  which  have  been  abandoned  for  one  cause  or  another.  In  the  abandoned  wells 
the  bore  hole  allows  salt  or  brackish  water  to  reach  the  surface  under  the  influence  of  the 
natural  head  of  the  water,  together  with  convection  currents  and  diffusion.  A  part  of  th<' 
city  supply  had,  previous  to  1902,  been  drawn  from  a  deep-well  system  consisting  of  abitut 
20  bored  wells  having  an  internal  diameter  of  4  inches  and  a  depth  ranging  from  89  to  *2^^J 
feet.  Most  of  these  wells  are  in  the  bed  rock  and  draw  their  supply  from  sources  which 
have  been  contaminated  by  the  infiltration  of  brine  from  the  salt  wells.  Up  to  the  time 
that  Mr.  Bacon  began  his  investigations  almost  no  attention  had  been  paid  at  Saginaw  to 
the  protection  of  surface  water  from  contamination  of  this  kind.  The  seriousness  of  the 
situation  may  be  appreciated  from  the  fact  that  possible  sources  of  ground-water  suppiy 
at  Saginaw  are  limited  to  the  loose  sands  and  gravels  which  overlie  the  rock  and  the  top 
of  the  rock  it^self.  Manifestly  the  only  way  in  which  this  water  can  be  conserved  in  ii-^ 
original  purity  is  by  plugging  abandoned  salt  wells  at  a  suitable  distance  below  the  »urfa<*' 
and  exercising  great  care  in  maintaining  the  casing  in  others  intact.     The  condition  ha> 
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been  partly  remedied  by  the  above  means  and  water  obtained  for  municipal  purposes  from 
the  glacial  sands  and  gravels  overlying  the  sandstone. 

Conditions  at  DaUaSy  Tex. — ^The  second  case  is  the  one  illustrated  by  conditions  at  Dallas, 
Tex.,  where  Mr.  Bacon  is  at  the  present  time  (January,  1908)  investigating  the  source  and 
yield  of  potable  water  for  city  use.  Water  is  yielded  by  four  formations — the  Woodbine, 
the  Paluxy,  the  Glen  Rose,  and  the  Trinity — named  in  the  order  of  their  occurrence  down- 
ward. While  these  are  locally  separated,  the  Glen  Rose  is  really  a  part  of  the  Trinity 
division.  The  lower  Trinity  sands  have  never  been  explored  in  the  Dallas  region,  and  their 
value  as  water  producers  is  therefore  unknown,  but  both  the  Paluxy  and  Woodbine  forma- 
tions contain  sweet  water.  Most  of  the  city  wells  derive  water  at  the  present  time  from 
the  Woodbine,  and  it  is  the  inadequacy  of  the  supply  from  these  sands  which  has  led  to  the 
present  investigations. 

The  peculiar  conditions  which  are  to  be  recognized  here  are  those  arising  from  the  fact 
that  one  of  the  city  wells  penetrates  the  Glen  Rose  formation,  and  the  water  supplied  from 
these  sands  is  under  a  greyer  head  than  that  from  the  overlying  Paluxy.  Moreover,  the 
Glen  Rose  water  is  strongly  jnincral.  Its  exact  composition  has  not  been  determined  for 
this  locality,  but  west  of  Austin  the  upper  Glen  Rose  beds  yield  water  containing  strontium, 
magnesium,  and  sodium.  Many  residents  of  Dallas  use  the  water  for  its  real  or  supposed 
medicinal  value. 

This  mineral  water  attacks  the  well  casing  so  strongly  that  casing  which  had  been  in  the 
well  but  one  year  exhibited  breaks  and  checks  in  great  number,  and  several  of  these  were 
observed  the  size  of  a  cent.  The  threads  at  the  joints  were  completely  decayed  and 
unserviceable,  so  that  when  an  attempt  was  made  to  pull  the  casing  each  length  was  lifted 
out  as  if  it  had  no  connection  with  the  next  lower  length.  Its  value,  therefore,  as  a  tight 
casing  was  practically  zero.  Add  to  the  conditions  outlined  the  fact  that  the  Glen  Rose 
water  is  under  greater  head  than  the  Paluxy  and  it  is  seen  that  gradually  the  Paluxy  sands 
must  become  impregnated  with  the  mineral  substances  in  the  Glen  Rose  water.  While  the 
w^ater  is  used  for  medicinal  purposes  by  a  number  of  the  citizens  of  Dallas,  it  is  unpalatable 
as  drinking  water,  and  attempts  to  use  it  as  such  have  proved  unsuccessful.  Its  tempera- 
ture is  high  and  the  contained  salts  give  it  a  most  unpleasant  taste. 

By  inserting  a  packer  with  casing  to  the  surface  between  the  Glen  Rose  and  Paluxy  sands 
the  two  waters  were  separated,  the  mineral  water  with  high  temperature  coming  up  inside 
the  pipe  and  the  Paluxy  coming  up  between  the  pipe  so  inserted  and  the  well  casing.  Dif- 
ferences in  head  and  quality  and  temperature  of  water  were  at  once  noticeable,  although  the 
Paluxy  waters  were  to  some  extent  mineralized.  The  mineral  content,  however,  steadily 
decreased  as  the  experiment  was  continued. 

RECOMMENDATIONS. 

These  two  examples  with  the  general  discussion  preceding  are  sufficient  to  show  the  vital 
character  of  the  problems  which  they  involve,  and  ought  to  lead  to  the  following  definite 
results: 

1.  An  accurate  log  should  be  kept  of  every  well  drilled. 

2.  Every  water-bearing  formation  should  be  carefully  examined  as  to  its  thickness  and 
the  quality  of  the  watei  yielded. 

3.  The  head  of  each  separate  water  should  be  accurately  determined  and  its  relation 
established  with  respect  to  other  waters  encountered. 

4.  The  casing  should  be  intact  when  the  well  is  completed  and  should  be  kept  so,  its  con- 
dition being  determined  from  time  to  time  by  suitable  experiments. 

5.  A  change  in  the  head  or  quality  of  the  water  should  be  interpreted  only  after  the 
]xissible  effects  of  defecJtive  casing  are  taken  into  account. 

6.  In  those  States  in  which  the  geologic  conditions  are  known  to  favor  contamination 
through  the  operation  of  one  or  the  other  of  the  causes  noted  herein,  laws  should  be  framed 
making  the  examination  of  the  well  rasing  and  the  determination  of  the  exact  lelations  of 
separate  water-bearing  strata  the  duty  of  each  well  owner  or  well  driller. 
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INTRODUCTION. 

Instances  in  which  well  waters  which  were  pure  at  the  time  of  drilling  have  later  becxxm^' 
mineralized  and  unfit  for  use  are  not  uncommon,  but  cases  in  which  waters  originally  hi^ 
in  mineral  matter  have  later  become  fresh  and  pure  are  so  seldom  reported  that  ibey  exrit* 
considerable  comment. 

Such  an  improvement  in  the  quality  of  the  wat«r,  however,  is  perfectly  natural  and  is  to  lie 
expected  under  certain  definite  conditions  which  are  somewhat  widespread.  The  wat<»r  in 
soaking  downward  through  the  ground  dissolves  a  certain  amount  of  mineral  matter  from 
the  materials  with  which  it  comes  into  contact.  The  longer  the  water  remains  in  the  groumi 
the  more  mineralized  it  tends  to  become.  Where  underground  circulation  is  active  tb*^ 
water  which  has  been  in  contact  with  the  soluble  materials  of  the  rock  is  constantly  bein-r 
replaced  by  pure  waters  from  the  surface,  and  in  such  instances  the  ground  waters  an* 
relatively  low  in  dissolved  solids.  Where  the  circulation  is  slow,  on  the  other  hand,  ihe 
water  remains  in  contact  with  the  surrounding  mineral  grains  for  long  periods  of  time  and 
often  becomes  highly  mineralized.  Such  waters  are  especially  likely  to  be  found  in  Uu 
which,  while  porous  at  the  surface,  pinch  out  or  become  impervious  in  their  lower  portion-, 
thus  tending  to  limit  or  prevent  the  free  downward  circulation  of  the  water.  SometinK'> 
only  a  slight  circulation  is  needed  to  improve  the  water,  especially  where  it  is  in  materi&U 
containing  only  small  amounts  of  soluble  matter.  In  such  instances  a  single  small  well  may 
sometimes  effect  a  change  in  the  composition  of  the  water.  A  number  of  such  instances 
were  brought  to  light  by  work  conducted  under  the  direction  of  the  writer  near  Wiimingtun, 
N.  C,  in  1905,  and  are  described  in  the  following  paragraphs  of  this  paper.  For  the  fac  ts 
regarding  the  wells  the  writer  is  indebted  to  Mr.  L.  W.  Stephenson. 

DESCRIPTION  OF  WELLS. 

The  wells  here  described  may  be  taken  as  types  of  their  class.  They  are  located  on  the 
Atlantic  coast  at  a  point  nearly  due  east  of  Wilmington,  N.  C,  10  miles  or  more  from  th<» 
city.  One  of  them  is  on  the  mainland,  near  the  shore  of  Greenville  Sound,  another  on 
the  Hammocks,  just  inside  of  the  barrier  separating  the  sound  from  the  ocean,  while  tht* 
other  two  are  on  the  barrier  beach  itself. 

TARRYMORE   HOTEL   WELL, 

The  well  of  the  Tarrymore  Hotel,  which  is  situated  on  the  barrier  near  the  inlet  opposite 
the  mouth  of  Wrightsvllle  Creek,  was  drilled  in  1905  by  J.  D.  Lowry.  It  is  4J  inches  r; 
diameter  at  the  top  and  3 J  inches  at  the  bottom  and  has  a  depth  of  195  feet.  It  pa&sed 
through  alternating  beds  of  sand  and  thin  layers  of  rock  varying  from  soft  to  hard.  Water 
was  associated  with  the  rock  at  65  feet  and  at  the  botton  of  the  well,  the  principal  horizon 
being  at  the  latter  point.  The  water  rise^  to  within  4  feet  of  the  surface,  or  about  5  feet 
above  the  level  of  the  sea,  the  height  varying  somewhat  with  the  tide.  The  well  yields  2.S 
gallons  a  minute  when  pumped. 

When  the  well  was  drilled  the  water  possessed  a  noticeable  salty  taste,  but  after  it  had 
been  in  use  for  some  time  the  salt  became  less  noticeable  and  eventally  the  water  became 
entirely  fresh. 
96 
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LUMINA'PARK    WELL. 

The  Lumina  Park  well  is  located  on  the  barrier  a  short  distance  south  of  the  well  just 
described.  It  was  likewise  drilled  by  J.  D.  Lowry  in  1905,  and  is  3  inches  in  diameter  and 
19S  feet  deep.  The  elevation  is  somewhat  lower  than  that  of  the  Tarrymore  well,  and  the 
w^ell  flows  at  high  tide,  although  at  low  tide  the  water  does  not  quite  reach  the  surface. 
Twenty-five  gallons  a  minute  are  obtained  by  pumping.  This  well  passes  through  about 
the  same  succession  of  materials  as  the  hotel  well  and  obtains  water  from  similar  sand  rocks. 

When  drilled  this  well  also  yielded  water  which  was  decidedly  salty,  but  on  continued 
use  the  salt  taste  gradually  disappeared  until  at  the  present  time  the  amount  of  chlorine  is 
not  much  higher  than  in  the  ordinary  fresh-water  wells  of  the  region. 

HAMMOCKS   WELL. 

The  Hammocks  well,  owned  by  the  Consolidated  Railway,  Light,  and  Power  Company 
of  Wilmington,  was  drilled  several  years  ago  to  a  depth  of  259  feet.  The  diameter  is  8 
inches  at  the  top  and  6  inches  at  the  bottom.  At  98  feet  a  cavity  was  encountered  in  hard 
shell  rock  and  yielded  a  large  supply  of  salty  water.  This  was  more  or  less  effectively  cased 
off  and  the  well  continued.  Later  a  supply  of  fresh  water  began  to  appear  through  the  . 
larger  casing  surrounding  the  smaller  one,  but  it  is  said  that  no  water  was  encountered  in 
the  6-inch  portion  of  the  well.  The  water  may  come  from  the  cavity  or  along  the  lower 
casing  from  some  lower  horizon.  The  data  were  given  from  memory,  and  the  cavity  may 
in  reality  have  been  struck  at  a  depth  considerably  greater  than  was  reported,  in  which 
case  it  may  possibly  be  correlated  with  the  horizon  in  the  Tarrymore  Hotel  and  Lumina 
Park  wells.  At  any  rate  fresh  water  is  now  obtained  from  some  horizon  which  at  the 
time  of  drilling  yielded  salt  water  or  none  at  all. 

QUARANTINE   STATION    WELL. 

The  well  at  the  quarantine  station  is  built  on  piles  about  half  a  mile  from  shore,  near  the 
mouth  of  Cape  Fear  River.  It  was  drilled  some  years  ago  by  Mr.  De  Witt,  of  Washington, 
D.  C,  and  has  a  diameter  of  about  3  inches  and  a  depth  of  400  feet.  Its  elevation  is  several 
feet  above  high  tide.  The  water  level  fluctuates  with  changes  of  tide,  the  water  generally 
standing  about  2  feet  above  tide  level.  It  is  pumped  by  steam  at  the  rate  of  4,500  gallons 
an  hour. 

When  the  pump  is  started  after  standing  idle  for  some  time,  salt  water,  similar  to  that 
in  the  wells  previously  described,  is  obtained,  but  after  a  few  minutes  the  salt  rapidly 
decreases  in  amount  and  in  less  than  twenty  minuter  it  can  no  longer  be  detected  by  the 
taste. 

CHANGE  IN  COMPOSITION. 

NATURE   OF   CHANGE. 

In  the  preceding  paragraphs  two  instances  of  permanent  change  in  the  composition  of 
the  water  from  salt  to  fresh,  under  normal  conditions  of  pumping  or  flow,  are  described. 
These  changes  were  exhibited  by  the  Tarrymore  Hotel  and  Lumina  Park  wells.  No  analyses 
of  the  original  waters  from  these  wells  were  made,  but  in  their  saline  content  they  were 
sim'lar  to  the  water  yielded  by  the  well  at  the  quarantine  station  before  pumping,  a  partial 
analysis  of  which  is  given  herewith. 

Fidd  analysis  of  water  from  quarantine  station  well  before  jmnnping. 

[L.  W.  Stephenson,  analyst,  1905.] 

Paris  FK^r 
million. 

Iron  (Fe) 1.5 

Calcium  (Ca) 550 

Carbonate  radicle  (COa) 1U5 

Sulphate  radicle  (SO«) (.22 

Chlorineca) 8,374 
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The  type  of  water  yielded  after  the  wells  have  been  pumped  or  have  flowed  for  some 
time  is  illustrated  by  the  analysis  of  water  from  the  C.  W.  Worth  well.  This  well,  wii-ch 
is  located  near  the  shore  of  Greenville  Sound,  just  south  of  the  mouth  of  WrightsvilJe  Cm  k 
and  alx>ut  opposite  the  Tarrymore  Hotel  andLumina  Park  wells,  was  drilled  in  19(M.  It 
is  3  inches  in  diameter  and  152  feet  deep  and  obtained  water  from  a  bluish  sandstou 
alx>ut  150  feet  from  the  surface.  The  well  is  8  or  9  feet  above  sea  level  and  flows  at  :l;t> 
rate  of  10  gallons  a  minute  at  a  height  of  about  6  feet  above  the  surface,  the  level  varyio}: 
somewhat  with  the  tide.  Like  the  other  wells  in  the  vicinity  it  was  probably  salty  at  toe 
start.     A  partial  analysis  of  the  water  now  obtained  is  as  follows: 

Field  analysis  of  water  from  C.  W.  Worth  well. 

[L.  W.  Stephenson,  analyst,  1905.] 

Par:* 

niifii"'-. 

Iron  (Fe^ i 

Calcium  (Ca ) J* 

Cartjonate  radicle  (COj) 2i 

Sulphate  radicle  (SO*) N.  . , 

Chlorine  (CD <0 

The  analysis  of  the  water  from  the  quarantine-station  well  before  pumping  may  probab.y 
be  taken  as  typical  of  the  salty  waters  obtained  from  the  wells  in  this  region  when  drilled, 
while  that  of  the  water  from  the  Worth  well  represents  the  maximum  purity  likely,  to  1* 
attained  in  these  wells.  Between  the  two  there  will  be  all  gradations,  one  of  which  is  repre- 
sented by  a  second  analysis  of  water  from  the  quarantine-station  well,  made  on  a  sampie 
taken  after  pumping  twenty  minutes  at  the  rate  of  4,500  gallons  an  hour.     This  is  as  follo\%'s: 

F^ield  analysis  of  water  from  quarantine-staiion  loell  after  pumping. 

[L.  W.  Stephenson,  analyst,  1905.J 

Parts 

niiliinn. 

Iron  (Fe^ l 

Calcium  (Ca) 3>.» 

Carbonate  radicle  {COs) 122 

SiilphaU'.  radicle  (SO*) >. 

Chlorine  (CI ) 2^ 

The  decrease  of  mineral  matter  in  the  water  of  the  quarantine-station  well  is  gradual,  and 
the  water  is  unquestionably  even  lower  in  chlorine  after  pumping  for  thirty  minutes  than 
after  twenty  minutes. 

It  will  be  noted  that  the  relative  as  well  as  the  absolute  amounts  of  the  mineral  ingredi- 
ents of  the  fresh  waters  are  entirely  different  from  those  of  the  saline  waters.  From  over 
8,000  parts  per  million  at  the  start  the  amount  of  chlorine,  for  instance,  may  fall  to  less  than 
100,  while  the  sulphates  may  decrease  from  600  to  nothing.  At  the  same  time  the  carbon- 
ates may  actually  increase,  notwithstanding  less  than  a  tenth  of  the  original  total  solids  U 
present. 

CAUSE   OF   CHANGE. 

The  change  of  the  water  from  salt  to  fresh  is  believed  to  be  due  to  the  drawing  in  of  fre<h 
supplies  from  the  surface  after  the  exhaustion  of  the  mineralized  waters  by  pumping  or  by 
their  natural  removal  through  flowing  wells.  Whether  the  salinity  was  due  to  originallr 
included  sea  water,  to  jjalt  dissolved  from  the  sediments,  or  to  a  penetration  of  sea  water  n(»w 
going  on  can  not  be  absolutely  determined.  The  high  percentage  of  calcium  present, 
amounting  to  over  500  parts  per  million,  indicates  that  sea  water  was  not  the  onh-  source  t-f 
the  salinity,  since  such  water  rarely  carries  over  5  parts  per  million. 

The  ease  with  which  the  salt  water' was  removed  and  the  composition  of  the  water  itself 
suggest  that  the  derivation  of  the  salinity  from  contemporaneous  leakage  of  salt  water  i? 
very  improbable.     Some  of  the  salts  may  come  from  imprisoned  sea  water,  but  the  general 
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character  of  the  waters  indicates  that  solution  of  matter  from  the  deposits  in  which  they 
occur  or  from  beds  with  which  they  have  been  in  contact  is  the  predominating  factor  in 
determining  their  composition. 

It  is  evident  that  the  wells,  although  striking  the  water  bed  below  the  limit  reached  by  the 
active  circulation  of  the  surface  waters,  were  not  beyond  the  limit  of  feeble  circulation,  for 
otherwise  the  mineral  content  of  the  water  would  have  been  much  higher  and  more  nearly 
that  of  the  deep  wells  at  Wilmington,  in  which  the  salinity  approaches  if  it  does  not  exceed 
that  of  ordinary  sea  waters. 

APPLICATION  OF  PRINCIPLE. 

The  principle  that  originally  inclosed  sea  or  other  highly  mineralized  waters  may  be 
removed  by  flowing  or  pumped  wells  is  one  which  may  prove  to  be  of  broad  application  to 
waters  in  the  Coastal  Plain  and  similar  regions  elsewhere.  It  means  that  a  well  should  not 
necessarily  be  regarded  as  a  failure  if  only  salt  water  U  obtained  at  the  start.  Instead  of 
abandoning  and  plugging  such  a  well  it  should  be  allowed  to  flow  as  freely  as  possible.  No 
harm  to  underground  supplies  will  in  such  instances  be  brought  about  by  allowing  free  flow, 
while,  on  the  other  hand,  as  shown  by  the  wells  described,  fresh  water  may  be  drawn  into  the 
water-bearing  bed  as  the  salt  water  is  removed  and  a  valuable  well  eventually  secured. 
After  the  water  has  become  fresh  the  flow  or  pumping,  as  the  case  may  be,  should  be  regu- 
lated and  only  enough  water  to  meet  actual  needs  taken.  Other^'lse  the  drain  on  the  ground 
water  may  become  so  severe  that  the  supply  will  be  exhausted,  as  has  often  been  the  case. 
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QUALlTir  OF  WATER  IN  THE  UPPER  OHIO  RIVER  BASIN 
AND  AT  ERIE,  PA. 


By  Samuel  James  Lewis. 


INTRODUCTION. 

This  paper  discusser  the  quality  of  water  on  the  most  ifnportant  tributaries  of  Ohio  River 
in  Pennsylvania,  New  York,  West  Virginia,  and  Maryland,  and  the  nature  of  the  water 
supply  at  Erie,  Pa.  The  amount  and  character  of  the  pollution  is  described  and  the  results 
of  drinking  contaminated  water  as  shown  by  typhoid  statistics  are  indicated.  The  condi- 
tions on  the  tributaries  of  Ohio  River  in  Ohio  are  discussed  in  Water-Supply  and  Irrigation 
Paper  No.  79,  United  States  Geological  Survey,  pages  129-187. 

The  water  supplies  and  sewerage  of  small  towns  high  up  toward  the  head  of  a  large  drain- 
age system  do  not  in  many  cases  receive  the  attention  they  should.  Epidemics  of  a  water- 
borne  disease  which  affect  large  municipalities  near  the  mouth  of  the  river  and  therefore 
attract  attention  must  necessarily  have  their  origin  in  the  pollution  of  the  watershed  above. 
It  is  evident,  therefore,  that  adequate  sanitation  of  the  small  towns  and  a  water  supply  as 
carefully  guarded  as  that  of  a  large  city  would  prevent  disease  at  its  very  source  and  be  far 
less  expensive  than  the  costly  battles  wliich  are  waged  against  epidemics  in  huge  centers  of 
population  aft^r  disease  has  broken  out. 

Typhoid  fever  statistics  for  small  towns  in  this  section  are  seldom  available  and  are  more 
or  less  unreliable  at  best.  The  few  figures  given  show  the  existence  of  virulent  typhoid  fever 
in  most  towns  of  the  drainage  areas  in  certain  years,  and  as  these  towns  drain  into  the 
streanos  the  liability  ofthe  water  to  infection  is  evident. 

The  significance  of  typhoid  fever  death  rates  will  be  better  understood  from  the  statistics 
presented  below,  which  have  been  collated  from  a  number  of  cities  having  excellent  water 
supplies. 

Typhoid  statistics  of  cities  with  good  water  supplies. 


City  and  year. 


Boston,  Mass.: 

1900 

1901 

1902 

1903 

1904 

Brockton,  Mass. : 

1900 

1901 

1902 

1903 

1904 


opula- 
tion. 

Total 
deaths. 

Typhoid 
deaths. 

Total 

death 

rate  per 

1,000. 

Typhoid 
death 
rate  per 
100,000. 

560, S82 

11,678 

143 

20.82 

25.6 

673,579 

11,300 

142 

19.70 

24.8 

584,553 

10,983 

139 

18.79 

23.8 

600,929 

10,632 

119 

17.69 

19.8 

614,522 

10,757 

135 

17.64 

22.0 

40,063 

553 

18 

13.80 

46.0 

41,606 

523 

6 

10.17 

14.4 

43,208 

475 

6 

10.99 

13.9 

44,873 

495 

5 

11.03 

11.1 

46,601 

567 

8 

12.17 

17.1 
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Typhmd  statistics  of  cities  with  good  vxUer  supplies — Oontinued. 


City  and  year. 


Cambridge,  Mass.: 

1900 

1901 

1902 

1903 

1904 

Fall  River,  Mass. : 

1900 

1901 

1902 

1903 

1904 

Jersey  City,  N.J. : 

1902 

1903 

Lawrence,  Mass.; 

1900 

1901 

1902 

1903 

1904 

Newark,  N.J. : 

1902 

1903 

New  Yorlc  City.: 

1900 

1901 

1902 

Yonlcers,  N.  Y.: 

1900 

1901 

1902 


91,886 
94,084 
96,334 
98,630 
100,908 

104,863 
108,311 
111,872 
115,549 
119,349 

215,921 
219,462 

62,550 
64,874 
67,275 
•  69,766 
72,348 

258,176 
265,394 

1,053,979 
!,095.686 
1,139,632 

.  47,931 


Total 
deaths. 

^/^^ 

1,547 

15 

1,574 

10 

1,454 

17 

1,501 

14 

1,444 

23 

2,206 

15 

2,143 

21 

2,223 

14 

2,290 

27 

2,047 

29 

4,026 

44 

4,130 

36 

1,250 

11 

1,118 

12 

1,163 

11 

1,204 

23 

1,141 

11 

4,831 

50 

4,901 

61 

43,227 

372 

43,304 

412 

41,704 

309 

810 

2 

842 
865 

8 
5 

16.83 
16.73 
15.09 
15.32  j 
14.30  I 

21.04  ' 
19.78  I 
19.87 
19.82  I 
17. 15  I 

18.64 
18.82  ' 

I 

19.98  < 
17.23  I 
17.29  I 
17.26 
15.77 


1&71  ' 
18.43  ' 


I 


21.04  I 
20.66  I 
19.40 

I 
16.80  , 


I 


16-5 

10- C 
17  € 
14.2 
21* 

14.3 
19.4 
12  j 
23  4 
24.3 

30.4 
16.4 

17.6 

16.3 
.13.0 
.15.2 

19.4 

2rj,o 

IS.  I 
19.7 
1S.6 

ia4 

ILS 


OHIO  RIVER  BASIN  ABOVE  PITTSBURG,  PA. 
AI^iLEGHENY  RIVER    BASIN. 

DESCRIPTION    OF   BASIN. 

Allegheny  River  drains  a  quick-spilling  area.  The  stream  carries  so  much  silt  and 
other  d^hris  as  the  result  of  the  rapid  nin-o(T  that  it  is  generally  muddy.  This,  together 
with  the  sewage  which  it  receives  from  numerous  municipalities,  makes  it  a  poor  source 
of  domestic  water  supply.  The  towns  at  the  headwaters  have  not  generally  used  river 
water  for  public  supply,  but  lower  down,  where  pollution  is  greater,  the  unpurified  water 
is  supplied  at  many  places.  Springs  are  numerous  and  are  much  used,  sometimes  supply- 
ing towns  as  large  as  Bradford,  which  has  17,000  inhabitants.  They  fail,  however,  in  dry 
seasons.  Population  is  sparse,  there  being  but  11  towns  having  over  5,000  people.  Fig.  1 
shows  the  location  and  approximate  population  of  nearly  all  the  towns  within  the  drainage 
area. 

The  investigations  prosecuted  by  the  city  of  Pittsburg  looking  toward  filtration  of  Alle 
gheny  River  water  showed  conclusively  that  the  nature  of  the  watershed  permits  very 
little  or  no  opportunity  for  self-purification  by  the  processes  which  are  usuaDy  more  or 
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less  effective  in  rivers.  Furthermore,  ''such  is  the  peculiar  character  of  the  river,  such 
the  character  of  the  .watershed,  that  infection  introduced  at  much  more  remote  points 
than  Oil  City  may  be  actively  dangerous  to  the  health  of  Pittsburg."  a  If  this  be  the 
case,  what  is  to  prevent  infection  of  towns  higher  up  on  the  river  by  the  sewage  and  drain- 
age of  others  at  less  distance  above  them'  than  Oil  City  is  from  Pittsburg?  It  can  not  be 
urged  as  a  palliative  of  conditions  on  Allegheny  River  that  most  of  the  towns  are  not 
sewered,  for,  owing  to  the  nature  of  the  topography,  very  heavy  rain  will  drain  contamina- 
tion from  every  town  on  the  watershed  into  the  river.  It  has  long  been  established  that 
the  increase  in  turbidity  in  such  a  stream  has  a  direct  relation  to  the  increase  in  the  quan- 


fttt; 

\ 

to  30milw  \  ^ 

Fia.  1.— Map  of  Allegheny  River  basin,  showing  approximate  population  of  towns. 

tity  of  bacteria.  The  work  of  Mr.  Copeland,  of  the  Pittsburg  filtration  commission,^ 
shows  conclusively  that  bacteria  abound  in  the  turbid  waters  of  the  Allegheny  and  that 
those  bacteria  which  can  come  only  from  extensive  sewage  pollution  are  generally  present. 
TTiere  are  always  a  number  of  cases  of  typhoid  fever  within  the  drainage  area  of  the  Alle- 
gheny, and  the  topography  of  the  country  is  such  that  sewage  or  drainage  containing 
typhoid  bacteria  may  be  delivered  to  any  point  down  the  river  within  one  or  two  days. 
It  is  obvious  that  infection  anywhere  on  the  watershed  may  readily  reach  any  point  below. 


a  Sedgwick,  W.  T., 
b  Ibid.,  p.  348. 


Report  Filtration  Commission,  Pittsburg,  p.  19. 
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ALLEGHENY   RIVER  BASIN  ABOVE  CONEWANGO  GREEK. 

Port  Allegany  J  Pa.  (population,  1,000). — Has   a  gravity  supply  from  three  small  im- 
pounding reservoirs  (capacity  about  3,000,000  gallons')  fed  by  Skinners  Run  and  its  tribu 
taries.    The  daily  consumption  is  about  100,000  gallons.    This  is  a  naturally  safe  surface 
supply,  as  the  drainage  area  is  all  uninhabited  forest  land.     In  time,  safety  will  require 
regular  policing  of  the  area.     The  town  is  not  sewered. 

Ther^  have  been  few  borings  for  ground  water.  The  best  is  the  TS-foot  well  at  the  Sart- 
well  House.  The  water  from  this  well  is  much  harder  than  that  from  the  public  supply, 
Y^ch  contains  almost  no  mineral  impurities  and  would  be  excellent  for  any  industrial 
purpose.  Field  assays  of  water  from  Port  Allegany  are  given  below.  Typhoid-fever 
figures  for  Port  Allegan}'  are  not  sufficiently  full  to  be  worth  quoting,  as  they  merpJy 
establish  the  presence  of  typhoid  fever  in  1897,  1898,  and  1899. 

Smeihport  and  Eldred,  Pa. — Gravity  supplies  are  in  use  at  Smethport  (on  Potato  Oeek  i 
and  at  Eldred  (population  of  each,  1,000).  Neither  has  a  sewerage  system.  Typhoid- 
fever  statistics  are  not  available  for  Smethport,  and  those  for  Eldred  are  so  meager  that 
they  are  of  little  value. 

Typhoid  mortality  at  Eldred,  Pa. 


Year. 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

Year. 

I    Total 
1  deaths. 

Typhoid 
cases. 

Typhoid 
d^Tths. 

,«.     ...   J    ..   . 

2 
24 

7 

1 
1888 1 

7 
2 

1C95 1 

1 
2 

1899 

1900.: 

16 

1 

1897 

Field  assays  ofvxUerfrom  Port  Allegany ^  Eldred^  and  Smethport ^  Pa. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fo) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa)  . 

Alkalinity 

Sulphates  (SO>) 

Chlorides  (CI) 


Port  Allegany. 


Eldred.    j  Smethport. 


Public 
supply. 


0 
27 

0 

Trace. 

20 

19 

0 

5.6 


75-foot  well 

at  Sartwell 

House. 


(«) 


35 

130+ 
84 


(*) 
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Public 
supply. 


Public 
supply. 


0 
17 

(6) 
28 
51 
44 
Trace. 
5.6 


0 
122 
Trace 
0 
10 
13 
0 
4.2 


"Very  slight  trace. 


b  Slight  trace. 


The  Eldred  water  is  somewhat  harder  than  most  of  the  spring  waters  of  this  section.  It 
would  be  excellent  for  any  purpose,  the  incrusting  solids  being  practically  all  carbonate  of 
lime,  which  is  not  present  in  quantity  sufficient  to  cause  trouble  in  a  boiler.  The  supplies 
from  Eldred  and  Smethport  would  be  well  adapted  to  industries  requiring  especially  pure 
water,  like  paper  making.  The  high  color  of  Smethport  water  points  either  to  a  marshy 
drainage  or  to  a  foul  condition  of  the  reservoir. 

Olean,  N.  Y. — At  one  time  the  water  supply  of  Olean  was  pumped  directly  from  the  river, 
which  receives  typhoid-fever  infection  from  the  sources  mentioned  above.  The  supply  since 
1889  has  been  obtained  from  driven  wells,  but  connection  has  been  made  with  the  river 
for  emergency.  In  1896  and  1897  the  wells  were  increased  from  a  very  few  to  50,  making 
the  use  of  river  v/ator  unnecessary  until  very  recently.  The  population  of  Olean,  according 
to  the  Twelfth  Census,  is  9,462. 
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Year. 

Total 
deaths. 

Typhoid 
deaths. 

Year. 

Total 
deaths. 

Typhoid 
deaths. 

1891 

162 

154 

2 

1 

1897 

99 
82 

1 

1892 

.  1898 

1 

1893 

162 

7 

1  1900 

130 

1 

1894 

79 

i 

,  1901 

110 

2 

1896 

120 

4 

1902 

117 

3 

It  is  evident  that  even  high  up  on  the  headwaters,  where  no  lai^e  towns  pour  their  sewage 
into  the  stream,  the  raw  water  is  unhealthy  for  drinking.  The  improvement  in  condition 
after  the  enlargement  of  the  ground-water  system  is  noteworthy.  The  town  is  sewered,  and 
the  wastes  from  the  laige  tanneries  located  there  discharge  directly  into  the  stream.  It  is  at 
this  point  that  the  first  extensive  pollution  enters  Allegheny  River. 

Bradford  f  Pa, — An  unusually  large  spring  furnishes  water  for  Bradford  (population,  17, 000), 
on  Tuneangwant  Creek.  The  plant  was  purchased  by  the  city  from  the  constructing  com- 
pany some  years  ago.  In  1904  the  debt  was  completely  paid,  in  spite  of  a  40  per  cent  reduc- 
tion in  the  water  rate  in  1904  and  a  28  per  cent  reduction  in  1901.  Three  masonry  reser- 
voirs, with  a  capacity  of  59,000,000  gallons,  impound  the  waters  of  a  number  of  small  spring- 
fed  streams.  The  drainage  area  of  these  streams  is  large;  over  12,000  acres  immediately 
adjacent  to  the  streams  are  now  owned  by  the  city,  which  maintains  a  strict  patrol  of  this 
area.  It  may  be  considered  reasonably  certain  that  no  immediate  pollution  of  the  Bradford 
water  supply  is  likely.  The  daily  consumption  is  now  about  1 ,800,000  gallons,  or  96  gallons 
per  capita.  The  use  of  meters  is  increasing  steadily,  and  the  management  appears  to  be 
efficient.  There.is  also  an  auxiliary  system  of  artesian  wells  averaging  175  feet  in  depth,  for 
use  in  time  of  drought,  from  which  the  supply  seems  practically  inexhaustible.  The  town 
has  both  sanitary  and  storm  sewers,  draining  into  a  little  stream  which  ultimately  finds  its 
way  into  the  Allegheny.  It  is  clear  that  disease  germs  may  be  discharged  into  the  Allegheny 
from  Bradford. 

Tyjjhoid  mortalUy  at  Bradford,  Pa. 


Year. 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

' 

Year. 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

1892                   ----- 

5 
4 

1  1899.. 

163 
172 
149 

3 

3 

1897 

157 

1 
1900 

15 

1898  . 

4 

1901.. 

20 

5 

1                   1 



That  Bradford,  in  spite  of  the  excellent  character  of  its  supply,  may  occasionally  have  an 
outbreak  of  disease  that  will  greatly  increase  the  infection  in  its  sewage  is  shown  by  the  fig- 
ures for  1900.  The  public  supply  is  a  very  pure  and  soft  water;  the  high  color  shown  in  the 
assay  (on  p.  14)  is  probably  due  to  the  nature  of  a  portion  of  the  drainage  area. 

Salamancay  N.  Y. — Salamanca,  (population,  5,000)  derives  a  very  excellent  gravity  sup- 
ply from  springs  and  has  connections  with  the  river  for  pumping  in  periods  of  drought.  The 
village  is  practically  free  from  typhoid  fever,  the  annual  saving  probably  representing  much 
more  than  the  rate  of  interest  on  the  plant,  besides  the  saving  in  lives. 

Typhoid  mortalUy  at  Salamanca^  N.  Y. 


Year. 

Total 
deaths. 

Typhoid 
deaths. 

Year. 

ToUl 
deaths. 

Tvphold 
deaths. 

1801 

65 

2 
0 

1 

,«7 1 

0 

1892              

1898 

0 

1893   

1900 

0 

18&I 

1901 -.1 

0 

1895 

34 

1902.... 

1             65 

2 

14 
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Where  the  annual  deaths  for  a  period  of  years  are  so  few,  it  seems  likely,  in  the  absence  of 
specific  information  to  the  contrary,  that  the  occasional  mortality  from  typhoid  fever  is  due 
to  other  than  water-borne  infection. 

Mount  JeweUy  Pa. — At  Mount  Jewett  (population,  1,000),  on  the  headwaters  of  Kinzua 
Creek,  the  public  supply  is  piped  from  springs  to  two  large  tanks.  There  is  no  sewera^.  sys- 
tem. The  only  available  figures  showing  typhoid-fever  mortality  for  the  village  aje  those 
for  1902,  when  there  were  two  deaths  from  typhoid  fever.  In  the  absence  of  definite  knowl- 
edge as  to  the  source  of  infection  in  these  cases,  no  conclusion  can  be  drawn  as  to  the  char- 
acter of  the  water  supply.  There  is  no  doubt,  however,  of  the  nature  of  Mount  Jewett  s 
contribution  to  the  Allegheny  drainage.  The  field  assay  below  shows  that  the  public  sup- 
ply is  very  similar  to  that  of  Bradford,  pure  and  soft,  and  suitable  for  any  industrial  or  boiler 
purposes. 

Kane  J  Pa. — Kane  (population  5,000)  has  a  sewerage  system  discharging  into  a  small  branch 
of  Kinzua  Creek,  which  empties  into  the  AUegheny  just  above  Warren.  This  run  also 
receives  drainage  from  Clarendon,  a  village  of  about  1,500  population,  which  has  no  public 
water  supply,  and  is  said  to  have  many  cases  of  typhoid  fever.  The  water  supply  of  Kane 
is  similar  to  that  of  Bradford.  U  is  derived  from  a  number  of  springs  along  Kinzua  Creek, 
and  is  collected  in  two  reservoirs  on  that  stream  and  pumped  to  a  standpipe,  elevated  over 
300  feet  above  the  intake,  supplying  about  a  half  million  gallons  a  day.  There  are  four 
wells,  averaging  100  feet  in  depth,  at  the  waterworks,  used  in  case  of  shortage.  The  entire 
watershed  is  protected  under  an  agreement  with  the  landowners  along  the  stream  quite  up 
to  its  source,  whereby  no  sources  of  pollution — such  as  cattle  pens,  privies,  and  slaug-hter- 
houses — and  no  dwellings  are  permitted  ^vithin  200  feet  of  the  stream.  It  is  believed 
that  the  watershed  is  being  kept  reasonably  clean.  No  figures  showing  typhoid  mortality 
are  available  for  Kane. 

For  use  in  boilers,  Kinzua  Creek  water  is  stored  in  a  large  reservoir,  making  an  auxiliary 
supply  entirel^r  separate  from  the  public  supply.  This  creek  water  is  never  used  for  drink- 
ing purposes.    The  field  assays  below  show  pure  spring  waters: 

Fidd  asifays  of  pualic  water  supplies  at  Bradford,  Mount  Jewett,  and  Kane,  Pa. 
[  Parts  per  million.] 


Determination. 


Bradford. 


Mount 
Jewett 


Turbidity 

Color , 

Iron(Fe) 

Calcium  (Ca) , 

Total  hardness  (as  CaCOa) 

Alkalinity , 

Sulphates  (SO») 

Chlorides  (a)  


(a) 


0 
61 

0 
13 
12 

0 
6.2 


0 

22 

Trace. 

0 
13 

0 
4.9 


a  Very  slight  trace. 
CONEWANGO  GREEK. 

Jamestown,  N.  Y. — Conewango  Creek,  which  enters  Allegheny  River  at  Warren,  carries  the 
sewage  of  Jamestown,  N.  Y.  (population  25,000),  where  there  are  numerous  industrial  entei^ 
prises,  all  of  which  pour  their  wastes  into  the  creek.  In  the  most  densely  populated  districts 
of  the  city  the  buildings  are  directly  on  and  overhang  the  stream,  so  that  dejecta  from  typhoid 
patients  in  these  buildings  enter  the  creek  directly  and  are  carried  down  Allegheny  River. 
That  there  is  some  pollution  of  this  kind  at  Jamestown  is  shown  by  the  typhoid  mortality 
figures  herewith 


Year. 


ALLEGHENY    RIVER   BASIN. 
Typhoid  morttdily  at  Jamestown,  N.  Y. 

Year. 


15 


1891 
1892. 
18S3 
1894 
1896 


Total 
deaths. 

^/esr 

240 

10 

299 

10 

395 

10 

906 

7  ; 

224 

'l 

I    Total 
•  deaths. 


1897 
1898 
I9Q0 
1901 
1902 


267 
260 


296 


Typhoid 
deaths. 


ALLEGHENY  RIVER  FROK  CONEWANGO  CREEK* TO  OIL  CREEK. 

Warren,  Pa. — ^The  public  supply  of  Warren  (population  10,000)  was  formerly  derived 
entirely  from  Morrison  Run,  a  small  spring  run  about  4  miles  from  the  city.  In  recent 
years  drilled  wells  have  been  added  to  this  source.  During  about  eight  months  of  the  year 
(October  to  June)  a  gravity  supply  is  furnished  from  a  3,500,000-gallon  earth  reservoir,  sit- 
,  uated  on  the  run  about  4  miles  from  the  city.  The  average  daily  consumption  is  about 
1,100,000 gallons.  The  dam  is  of  rubble  masonry,  26  feet  6  inches  high;  the  bottom  of 
the  reservoir  is  of  clean  sand.  The  watershed  is  uninhabited,  being  almost  virgin  land. 
There  is  one  farmhouse  at  the  lower  edge  of  the  drainage  area,  which  has  been  sewered  out 
below  the  reservoir  at  the  expense  of  the  water  company.  Although  there  is  no  regular 
patrol,  it  would  seem,  from  an  inspection  of  the  drainage  area,  that  little  danger  of  pollu- 
tion exists.  Five  drilled  wells,  58  to  66  feet  deep,  about  40  feet  from  low-water  mark  of 
Allegheny  River,  are  pumped  during  the  summer.  The  close  proximity  of  the  wells  to  the 
shore  has  caused  considerable  local  anxiety  as  to  the  possibility  of  the  river  water  seeping 
into  the  wells,  as  the  town  sewers  into  the  river  above  and  below.  There  is  reason  to  sup- 
pose that  no  such  seepage  occurs.  Analyses  show  that  the  waters  from  wells  and  river 
are  radically  different. 

Fidd  assays  of  well  and  river  vxUer  at  Warren,  Pa. 

I  Parts  per  million.] 


Determination. 


Allegheny 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  harness  (as  CaCO«) . 

Alkalinity 

Sulphates  (SOi) 

Chlorides  (CI) 


a40 
122 

46 
47 
54 


(0 


5.6 


a  Estimated. 


6  Very  slight  trace. 


c  Slight  trace. 


The  ground  waters  are  similar,  and, like  uncontaminated  ground  waters,  are  very  clear  and 
almost  colorless.  The  river  water  shows  the  characteristic  mineral  content  of  the  streams  of 
this  section — ^very  similar  to  that  from  French  Creek,  Oil  Creek,  Clarion  River,  and  Redbank 
Creek,  subsequently  noted.  There  are  but  46  parts  per  million  of  total  hardness.  The  color 
is  very  high,  and  is  due  partly  to  the  marshy  drainage  of  portions  of  the  river  bottom  and 
partly  to  oil  and  acid  wastes  received  at  Riverside,  which  probably  contribute  the  traces  of 
sulphuric  acid  and  iron.  The  well  waters  also  are  hard.  There  is  a  layer  of  blue  clay  about 
17  feet  thick  between  the  river  bed  and  the  gravel  stratum  whence  the  wells  draw  their  sup- 
ply. The  movements  of  undei^ground  waters  are  such  that  weUs  of  this  depth  probably 


16 


WATER   IN   UPPER   OHIO   BASIN    AND   AT   ERIE,   PA. 


draw  upon  water  not  seeping  from  the  stream  but  flowing  in  the  ground  toward  the  river :  in 
order  that  river  water  may  enter  the  wells  the  natural  flow  of  the  underground  water  inrouid 
have  to  be  reversed:  This  is  clearly  shown  in  Professor  Slichter's  paper  on  The  Motions  of 
Undei^round  Waters.^  For  industrial  uses  requiring  small  mineral  content,  such  as  steam 
making,  the  river  water  is  best.    The  well  waters  will  effuse  scale  in  boilers  if  not  treated. 

There  is  a  well-developed  sentiment  at  Warren  with  regard  to  the  public  health.  The 
local  board  of  health  compiles  each  year  a  report  of  vital  statistics,  which  shows  that  in  1904 
there  were  3  deaths  from  typhoid  fever.  An  interesting  study  was  made  of  the  water  supply 
of  typhoid  fever  patients  during  this  year.  It  was  found  that  of  the  27  cases  reported  12 
used  water  from  private  wells  in  whole  or  in  part,  5  used  city  water,  and  the  remainder 
used  water  derived  from  various  sources.  Much  credit  is  due  to  the  public-spirited  citizens 
of  this  town  for  the  attention  they  are  giving  to  problems  of  sanitation  and  public  healthy  as 
well  as  to  the  management  of  the  public  water  supply.  The  only  typhoid  mortality  figures 
at  hand  are  obtained  from  the  reports  of  the  health  officer,  as  follows: 

Typhoid  morUdiiy  at  Warren^  Pa. 


Year. 

Total 
deaths. 

Typhoid 
cases. 

10 

'  Typhoid 
deaths. 

1900 

-. 

1901 

1 
18  i                  *• 

1902 

110 
112 
103 

29 
20 
27 

1 

1903 

1 

1904 

3 

Excepting  for  the  sudden  rise  in  1902,  these  figures  compare  favorably  with  typhoid  mor- 
tality rates  in  most  towns  using  pure  water  supplies.  Again,  the  evidence  is  strong  as  to 
the  kind  of  pollution  going  into  the  Allegheny. 

Tidiouie  and  Tionesta^  Pa. — Between  Warren  and  Oil  City  the  population  is  scattered, 
there  being  along  this  stretch  of  the  Allegheny  but  two  villages,  Tidioute  and  Tionesta,  each 
of  about  1,000  inhabitants.  At  these  places  the  supply  is  obtained  by  gravity  from  spring- 
fed  reservoirs  in  the  adjoining  hills,  and  there  is  no  sewerage.  As  the  villages  drain  directly 
into  the  river  it  is  very  likely  that  more  or  less  infection  enters  the  stream  at  these  points 
at  all  times. 

The  two  supplies  are  very  different,  though  both  are  pure  and  excellent  for  any  purpo^. 
The  Tionesta  water  is  similar  to  the  Bradford  and  Kane  supplies.  The  Tidioute  water  con- 
tains carbonates,  mainly  those  of  either  magnesium  or  the  alkalies,  with  a  little  calcium. 
These  afc  both  greatly  superior  to  the  river  water  for  any  industrial  uses.    (See  assay  on  p.  15.) 


OIL  CREEK. 

TilusvUlej  Pa. — At  Oil  City  the  Allegheny  River  receives  the  drainage  from  Oil  Creek, 
on  which  the  largest  town  is  Titusville,  with  a  population  of  about  8,000,  with  sanitary 
sewers  discharging  into  Oil  Creek.  Much  oil-well  pollution  also  enters  at  this  point.  The 
public  supply  is  entirely  from  ground  water  pumped  from  a  system  of  10  wells,  50  to  68  feet 
deep,  located  at  the  station  on  Oil  Creek,  about  1}  miles  above  town,  and  is  so  abundant 
(2,500,000  gallons  daily)  that  very  few  meters  are  in  use. 


oSiichter,  C.  S.,  Water  Supply  and  Irr.  Paper  No.  67,  U.  S.  Geol.  Survey,  p.  29  et  aec^. 
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Year. 

ToUl 
deaths. 

Typhoid 
cases. 

Typhoid 
deaths. 

Year. 
1800 

Total 
deaths. 

Typhoid 
cases. 

^ff 

189S 

2 
3 
3 
6 

1 
2 

1 

91 
90 
84 

18 
20 
10 
10 

1 

1896 

94 
100 

'  1900 

4 

1S97            

1901 

1 

18DS 

1902 

''This  very  excellent  showing  seems  to  testify  to  the  purity  of  the  water  supply.  The  Oil 
Creek  water  (see  assay  on  p.  18)  is  typical  of  this  section  and,  although  somewhat  hard,  is 
far  superior  to  well  water  for  use  in  boilers,  as  it  contains  few  impurities  besides  a  little  car- 
bonate of  lime.  The  Oil  Creek  water,  as  previously  noted,  is  very  similar  to  that  of  Alle- 
gheny River.  The  high  color  is  due  in  great  part  to  the  extensive  oil-well  pollution  at  this 
point.  For  industries  requiring  water  with  little  mineral  content,  neither  of  these  waters 
would  be  satisfactory. 

OH  City,  Pa. — Oil  City  (population  13,000)  is  situated  at  the  junction  of  Allegheny  River 
and  Oil  Creek.  Up  to  four  years  ago  the  public  water  supply  was  pumped  directly  from 
Allegheny  River  without  purification.  It  was  not  until  the  high  typhoid-fever  rate  had 
become  notable  tHat  a  change  was  made  in  the  source.  Ten  wells  were  drilled  to  a  depth 
of  about  50  feet  at  a  point  a  mile  below  the  town,  and  the  water  is  piped  to  a  laige  covered 
well  140  feet  from  the  river  bank.  This  well  is  walled  with  logs,  spaced  a  quarter  of  an  inch 
apart,  in  3  feet  of  the  loose  gravel  at  the  bottom;  above  this  the  sides  are  bricked  up  tightly. 
About  2,000,000  gallons  a  day  are  pumped  from  this  protecting  well,  through  a  24-inch 
main,  1}  miles  to  tanks  and  delivered  by  gravity  to  the  consumers.  In  order  to  guard 
against  a  repetition  of  the  scarcity  of  water  experienced  in  the  fall  of  1904,  four  more 
wells  are  about  to  be  drilled  near  those  now  in  use.  'Hie  weak  point  in  the  system  is  the 
fact  that  raw  river  water  can  be  pumped  at  any  time.  In  June,  1904,  when  water  was 
scarce  in  this  section,  it  was  deemed  necessary  to  use  the  river  water,  and  official  notices 
were  accordingly  printed  in  the  newspapers  early  in  June,  warning  all  consumers  of  the 
temporary  change.  At  the  end  of  about  ten  days  the  well  water  was  again  used.  No  fig- 
ures are  available  as  to  the  effect  of  this  change  on  the  typhoid-fever  rate,  but  data  arc  at 
hand  for  the  period  in  1901,  when  the  city  well  water  was  similarly  contaminated  with  raw 
river  water.  Of  63  cases  of  typhoid  fever  occurring  at  that  time,  39  originated  in  the  city 
and  33  of  the  39  used  the  polluted  city  water. 

Typhoid  mortality  at  OH  Ciiy,  Pa. 


Yeac. 

Total 
deaths. 

Typhoid   Typhoid 
cases.      deaths. 

1893 

16 

1804 

49 
199 
51 
37 

9 

1806 

30 

1896 

150 
132 

6 

1887 

8 

Year. 


1898. 
1899. 
1900 
1901 
1902 


Total 
deaths. 

Typhoid 
cases. 

127 

36 

172 

73 

163 

96 

201 

63 

118 

16 

Typhoid 
deaths. 


The  notable  outbreaks  in  1893  and  1895,  when  so  many  deaths  from  this  cause  occurred 
in  the  city,  are  examples  of  the  ravages  of  this  preventable  disease.  The  residual  typhoid 
cases  are  too  numerous,  remaining  strikingly  uniform  until  1901,  when  the  change  was 
made  from  the  polluted  river  water  to  the  present  ground  supply.  The  decrease  in  the 
number  of  deaths  is  ample  proof,  if  any  were  needed,  that  the  raw  river  water  contains  the 
specific  germ  of  typhoid. 
IBB  161—06 2, 
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Fidd  asmys  cfwaierfrcm  jmUic  supplies  at  Tidiovte,  TioTiesta,  TiiusvUUf  and  OH  City,  Pa., 
and  from  Oil  Creek  at  TUusmOe,  Pa. 

[Part  per  million.l 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calciam  (Ca) 

Total  hardness  (as  CaCOi) . 

Alkalinity 

Sulphates  (SOi) 

Chlorides  (CI) 


Tidl- 
oute. 

Tio- 
nesta. 

Titus- 
▼iUe. 

0 

0 

0 

45 

17 

22 

Trace. 

Tracb. 

(') 

oio 

0 

94 

ao 

18 

130+ 

61 

21 

100 

0 
4.8 

a5 
10 

1 

5.6 

Oil 

0"City  19™^** 
I      ville. 


Trace. 
64 
61 

n 

Trace. 
13 


a50 
If*} 

1.1 
4< 
29 
36 
as 
5.6 


a  Estimated. 


b  Slight  trace. 


The  Oil  City  water  is  much  softer  than  the  TitusviDe  supply.    Neither,  however,  is  as 
good  as  the  pure  spring  waters  of  Tidioute  and  Tionesta. 


FRENCH   CREEK. 

French  Creek  enters  the  Allegheny  at  Franklin,  a  little  below  Oil  City.  Four  towns  of 
considerable  size  drain  into  it — Corry,  Union  City,  Cambridge  Springs,  and  Meadville,  Pa. 
•  CottxIj  Pa. — Corry  (population  about  8,000)  obtains  water  partly  by  gravity  from  a 
spring-fed  reservoir  and  partly  from  deep  wells.  A  number  of  circumstances  have  com- 
bined to  give  the  reservoir  water  a  poor  reputation. 

Typhoid  mortality  at  Corry j  Pa. 


Year. 


1802. 
1885. 
1809. 


Total      Typhoid  '  Typhoid 
deathit.      cases,    i  deaths. 


These  figures  are  so  meager  as  to  be  useless  except  to  show  that  typhoid  fever  was  present 
in  Corry  in  the  years  given.  It  may  reasonably  be  conjectured,  in  the  absence  of  informa- 
tion to  the  contrary,  that  there  was  at  least  as  much  of  the  disease  in  years  for  which  figures 
are  not  available.  It  is  not  known  how  much  sewage  from  Corry  gets  into  French  Creek. 
With  more  care  in  policing  the  watershed  this  stream  should  make  a  good  supply;  it  is 
probable,  however,  that  it  will  be  entirely  abandoned  in  favor  of  the  ground  water. 

It  would  seem  likely,  from  the  absence  of  turbidity  (see  assay  on  p.  19),  the  extremely  low 
color,  and  the  high  total  hardness,  that  the  well  water  is  being  used  very  largely,  if  not  alto- 
gether, as  the  spring  waters  of  this  section  are  usually  low  in  mineral  content.  This  water  b 
strikingly  similar  to  that  of  the  city  supply  at  Warren  and  would  give  the  same  trouble  in 
industrial  uses  (p.  15). 

Union  City,  Pa. — Union  City  (population  about  3,(XX)),  located  about  10  miles  below 
Corry,  has  a  gravity  supply  from  a  spring-fed  reservoir  (see  assay  on  p.  19).  The  old 
mains  are  largely  wood,  and  are  about  to  be  replaced  throughout  with  cast  iron.  A  pumping 
station  at  the  intersection  of  French  Creek  with  the  main  street  supplies  French  Creek  water 
for  fire  purposes.  It  is  so  connected  as  to  pump  into  the  mains  in  times  of  scarcity.  The 
town  would  do  well  either  to  build  a  larger  reservoir  for  gravity  supplies  or  to  install  a  mechan- 
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ical  niter  to  handle  French  Creek  water.  The  town  sewers  into  French  Creek,  and  there  is 
no  pretense  at  sanitary  inspection  of  its  drainage  area.  With  the  pumping  station  in  a  posi- 
tion to  pump  dangerous  water  into  the  mains  at  all  times,  no  confidence  can  be  felt  in  the 
supply  under  present  conditions.  There  is  a  striking  similarity  between  the  reservoir  water 
and  the  creek  water  in  all  points,  and  it  is  especially  significant  that  their  chlorine  content 
is  practically  the  same. 

No  figures  of  typhoid-fever  mortality  are  obtainable  for  this  town  except  for  1894,  when 
there  were  two  deaths. 

Cambridge  SpringSj  Pa. — Fourteen  miles  below  Union  City  is  Cambridge  Springs,  a  sum- 
mer resort  which  has  about  1,500  permanent  inhabitants,  and  is  annually  visited  by  many 
people.  The  water  of  the  public  supply  has  been  pumped  from  three  drilled  wells  66  to  100 
feet  deep,  but  as  this  gains  color  after  standing  a  short  while  it  has  fallen  into  general  disre- 
pute, and  its  use  has  been  practically  abandoned,  French  Creek  ^/ater  being  pumped  instead. 
As  Union  City  sewage  pollutes  this  relatively  small  stream  only  a  short  distance  above  Cam- 
bridge, it  is  extremely  inadvisable  for  this  town  to  resort  to  such  a  supply.  If  typhoid-fever 
infection  should  be  carried  down  the  creek  to  Cambridge  Springs  and  pumped  into  the  city 
supply  enough  cases  may  occur  in  a  single  summer  to  destroy  the  reputation  of  the  town  as  a 
summer  resort.  Interest  in  the  public  supply  is  now  at  a  standstill.  Most  residents  who 
can  do  so  are  drinking  mineral  water  from  the  numerous  wells  and  springs  which  have  made 
the  place  well  known.  The  present  unsatisfactory  condition  of  the  supply  should  be  speedily 
remedied  either  by  drilling  for  a  new  ground-water  source  or  by  filtration  of  the  French 
Creek  water.  Without  such  precaution  a  serious  epidemic  of  typhoid  fever  will  some  day 
occur  in  Cambridge  Springs.    The  town  sewers  into  French  Creek. 

Field  assays  of  public  supplies  of  towns  on  French  Creek. 
[  Parts  per  fhlUion.] 


Determination. 


Turbidity 

Color 

Iron  (Fc) 

Caldum  (Ca) 

Total  hardness  (as  CaCOa) 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (01) 


Corry. 


0 

5 
(«) 


130+ 
96 
(*) 
5.6 


Union 
City. 


French 

Creek  at 

Union  City. 


0 
212 

(») 
Some. 
75 
40 
Trace. 
5.8 


0 
106 

0.5 
67 
61 
50 

0 

5.6 


Cambridge 
Springs. 


0 
22 

0 
41 
61 
223 
c5 
42 


o  Very  slight  trace. 


b  Slight  trace. 


c  Estimated. 


The  alkalinity  of  the  Cambridge  Springs  supply  is  so  much  greater  than  the  calcium  present 
as  to  point  to  the  probable  presence  of  the  carbonates  of  magnesium  and  the  alkalies.  This 
water  is  by  no  means  bad  for  boiler  uses,  being  strikingly  similar  in  hardness  to  that  of  French 
Creek. 

MeadmUey  Pa. — ^The  danger  of  using  French  Creek  water  is  greatly  intensified  at  Meadville 
(population  10,000),  about  15  miles  farther  down  the  stream.  In  addition  to  the  farm 
drainage  along  its  course,  sewage  from  Cambridge  Springs  and  Union  City  pollutes  the  creek 
continually,  and  during  those  seasons  of  the  year  when  the  turbidity  is  high  it  is  utterly 
impossible  to  use  the  water  without  filtering  it.  Conditions  became  so  very  bad  that  in  1901 
steps  were  taken  to  introduce  a  ground-water  supply.  It  is  of  interest  in  this  connection  to 
quote  from  the  Report  of  the  Board  of  Water  Commissioners  of  the  City  of  Meadville  for  1901 : 

On  the  one  hand  it  was  asserted  that  the  waters  of  French  Creek  were  polluted,  nonpotable,  and 
dangerous  to  human  life.  On  the  other  hand  there  were  those  who  contended  that  the  waters  of  French 
Creek  were  pure  and  wholesome.  Chemical  analyses  made  by  the  most  eminent  water  specialists  in 
America  demonstrated  that  the  water  of  French  Creek  for  domestic  use  could  hardly  be  worse. 
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Typhoid  mortality  figures  are  as  follows: 

Typhoid  mortality  at  MeadvUUf  Pa, 


Year. 

Total 
deaths. 

Typhoid 
cases. 

^dSfh^ji 

Year. 

ToUl 
deaths. 

Typhoid 
eafiea. 

^u/ 

1803.. 

1 

1  II  1898. 
1899. 

93 
172 
IGO 

8 
24 
27 

-1 

1894.. 

"1 

...1 

3 

9 

\1 

1895.. 

4    ;  1900. 

1896.. 

...'            122 

10 

2  ||  1901. 

174 

,S2 

* 

1897. . 

...|            122 

7 

1  h  1902. 

Mh 

48 

11 

The  present  supply  was  recommended  by  Messrs.  Ilering  and  Fuller  after  consideration  of 
the  alternative  proposition  of  filtering  French  Creek.  It  is  derived  from  sixteen  8-inch  welt 
45  to  60  feet  deep,  drilled  in  the  water-bearing  gravel  underlying  much  of  the  valley  of  Ciiswe^ 
wago  Creek,  a  layer  of  clay  between  the  surface  soil  and  the  gravel  affording  considerahl*' 
protection  against  surface  seepage.  From  these  wells  the  city  is  pumping  about  1  .dOOjTKf) 
gallons  a  day.  By  putting  down  9  additional  wells  4,000,000  gallons  may  be  made  available. 
The  pumping  station  and  much  of  its  machinery  is  new  and  is  the  latest  st^p  in  the  improv«*- 
ment  that  has  marked  Meadvillc's  progress  since  the  city  acquired  the  water-supply  plant. 
Under  present  conditions  the  supply  must  be  considered  as  good  as  any  of  its  kind  in  tin- 
country.  If  its  use  should  beccome  universal  in  the  town  typhoid  fever  would  be  practically 
wiped  out  in  a  ye-ar  or  two.  The  experience  of  the  local  board  of  health  in  1904  was  encour- 
aging. There  were  29  cases  reported,  2  of  them  foreign,  as  against  87  for  1903  and  48  for 
1902.  It  should  be  remembered  that  the  new  water  supply  was  first  used  late  in  1902,  the 
city  water  previous  to  that  time  having  been  pumped  from  French  Creek.  Of  the  27  cases? 
properly  chai^eable  against  the  town  in  1904,  15  occurred  in  the  tJiird  and  fourth  ward». 
where  most  of  the  wells  whose  water  is  used  for  domestic  purposes  are  located.  These  wells 
draw  from  ground  ^ater  contaminat^cd  by  old  buried  cesspools. 

Fidd  assay  xnd  analyses  of  pvhlic  supply  at  MeadvUle,  Pa. 
[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCO,) . 

Alkalinity 

Sulphates  (SOO 

Chlorldea  (Ci) 

Albuminoid  ammonia 

Free  ammonia 

Nitrates 

Nitrites 


Field 
assay. 


0 
5 

0.5 
92 
87.5 
115 
a  10 
9 


Analyses  by  Geonfp  (\ 
Whipple,  New  Vork. 


Aug.  14,  1901.  Aug.  21.  H«i:. 


0 
0 
0.10 


I 


0 

0 

0.  i:. 


127 
120 


127 
119 
3,0 


■I 


.001 
.006 

.000 


I 


aEstimated. 


This  water  requires  a  little  treatment;  for  boiler  uses  the  creek  water  is  much  better.  The 
figures  of  albuminoid  and  free  ammonia  show  that  there  is  very  little  nitrogen  in  the  water, 
and  the  absence  of  nitrates  and  nitrites  shows  that  no  organic  matter  had  recently  been 
added  to  it.    For  drinking  purposes  it  is  excellent. 
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aLLBOHENT   river  between   FRENCH   GREEK   AND  CLARION   RIVER. 


Franklin,  Pa. — Conditions  similar  to  those  at  Meadville  have  caused  like  difficulties  at 
Franklin  (population  7,000),  on  Allegheny  River  at  the  mouth  of  French  Creek.    The  sup- 
ply for  some  time  was  obtained  by  gravity  from  several  springs,  the  water  being  impounded 
in  a  clean,  well-constructed  reservoir  lined  with  paving  brick,  and  of  a  capacity  of  11,000,000 
gallons.    The  watershed  is  unpopulated  and  is  policed  immediately  about  the  reservoirt 
Xhc  amount  of  water  impounded  is,  however,  totally  inadequate  in  dry  seasons  for  the 
needs  of  the  town.    Nine  wells  have  been  drilled  in  sets  of  three,  connected  by  a  12-inch 
line  to  the  pumps,  and  so  equipped  with  gate  valv>es  that  any  well  or  set  of  wells  can  be 
closed  while  the  rest  are  being  pumped.    The  results  are  fairly  good,  but  it  is  likely  that  a 
stratum  of  ground  water  containing  more  storage  than  the  one  now  drawn  upon  will  have  to 
be  prospected  for,  as  the  present  wells  become  low  in  dry  times.     During  the  last  season's 
drought  pumping  from  the  wells  had  to  be  stopped  entirely  for  a  time,  when  a  temporary 
plan  of  natural  filtration  was  attempted.    A  trench  about  6  feet  across  and  8  feet  deep  was 
dug  at  a  right  angle  to  the  river  bed,  and  the  river  water  was  pumped  into  it  and  allowed 
to  percolate  through  the  ground  until  it  reached  the  stratum  into  which  the  wells  were 
drilled.    Not  proving  very  successful  in  yield  the  plan  was  abandoned.    This  was  perhaps 
fortunate,  for  it  is  not  probable  that  this  contaminated  river  water  was  purified  by  the 
process,  as  the  wells  average  but  40  feet  in  depth.    The  idea  is  similar  to  that  of  Doctor 
Imbeaux,  Ing^nieur  des  Fonts  et  Chauss^s,  of  Nancy,  France,  who  built  an  "open  canal 
through  the  gravel  and  conducts  through  it  the  river  water  parallel  to  the  gallery  and  on  the 
opposite  side  of  it  from  the  bank  of  the  river;  this  has  the  effect  of  making  both  sides  of  the 
filter  gallery  equally  effective.    This  method  has  been  entirely  successfuL^a     A  similar 
supply  at  Albion,  N.  Y.,  was  condemned  by  the  State  engineer  as  unsafe.    The  city  wells 
were  located  near  a  canal  carrying  polluted  water,  and  in  order  to  augment  the  yield  from 
the  wells,  the  water  company  dug  trenches  from  the  canal,  which  reached  to  the  water- 
bearing gravel  that  supplied  the  wells.    The  State  engineer  held  that  the  supply  would  be 
dangerously  polluted  by  the  infiltration  of   the  canal  water  and  ordered  the  trenches 
closed.  6 

Six  additional  wells,  spaced  farther  apart  than  the  present  bores,  would  probably  yield 
enough  additional  water  to  supply  the  town  at  all  times. 

Field  assay  ofpvblic  supply  at  Frankliny  Pa. 


Determination. 


Turbidity. .. 

Color 

Iron  (Fe) . . . 
Calcium  (Ca) 


Parts  per 
million. 


0 
5 
0 

85 


Determination. 


Total  hardness  (as  CaCO,) 

Alkalinity 

Sulphates  (SO3) 

Chlorides  (CI) 


Parts  per 
million. 


75 
90 
3 
13 


This  water  is  not  so  good  for  boiler  uses  as  the  creek  or  river  water,  nor  is  it  suitable  for 
industries  requiring  extremely  pure  water. 

EmlenUmf  Pa. — Notwithstanding  the  pollution  that  Qomes  in  from  Franklin  and  above  it, 
Emlenton  (population  1,000)  is  pumping  raw  Allegheny  River  water  every  day  in  the  year 
as  a  water  supply.  An  analysis  of  Allegheny  River  water  at  the  Emlenton  intake  was  made 
in  1902  for  the  State  board  of  health  and  is  relied  upon  by  the  people  of  the  town  as  showing 
that  the  water  is  safe  for  drinking.  This  conclusion  is  not  justified  by  the  analysis,  which 
is  given  below.  The  river  is  known  to  be  grossly  polluted  by  sewage  containing  pathogenic 
bacteria;  the  nitrate  figure  in  the  analysis  shows  considerable  past  pollution,  and  it  remains 


aBechmann.  M.,  Purification  of  water  for  domestic  use:  Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  Pt.  D 
(International  Engineering  Congress),  p.  184. 
J>Eng.  News,  Oct.,  1904. 
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to  be  proved  that  this  past  pollution  is  completely  inocuous.  Certainly  no  assurance  <^ 
safety  can  legitimately  be  derived  from  one  or  two  analyses.  Emlenton  sewers  into  Alk^ 
gheny  River. 

Analysis  of  water  from  Allegheny  River  at  Emlenton  A 


Determination. 

Parts  per 
million. 

Determination. 

Parts  per 
million. 

Total  solids 

70 
1.1 
.16 

Free  ammonia 

ace 

Oxygen  required 

Albuminoid  ammonia 

.OS 

Nitrates 

1 
1 

a  Rept.  Pennsylvania  State  Board,  of  Health,  1902,  p.  45. 
CLARION   RIVER. 

A  number  of  important  towns  are  located  along  Clarion  River,  which  empties  into  the 
Allegheny  a  few  miles  below  Emlenton. 

St.  Marys,  Pa. — St.  Marys  (population  4,000)  is  on  Elk  Creek,  one  of  the  headwiaier 
streams  of  Clarion  River.  It  is  supplied  by  a  gravity  system  from  reservoirs  on  Laurel  and 
Silver  runs,  the  reservoirs  being  filled  by  pumping.  Frequent  analyses  of  this  water  have 
been  made  at  various  times  for  the  local  water  company,  which  takes  considerable  pride  in 
keeping  it  in  good  condition.  It  is  claimed  that  there  is  no  typhoid  fever  here.  The  water 
is  excellent  for  any  purpose,  either  domestic  or  industrial.  It  does  not  seem  likely  that 
much  drainage  from  this  town  gets  into  Allegheny  River. 

Johnsonhurgt  Pa. — Johnsonburg  is  a  town  of  about  the  same  size  as  St.  Marys,  situated 
directly  on^ Clarion  River,  near  its  source.  The  water  supply  is  pumped  from  a  small  reser- 
voir about  H  miles  from  the  town.  This  reservoir  is  located  on  Powers  Run,  a  mountain 
stream  with  a  very  uniform  rate  of  flow,  and  of  exceptional  purity  so  far  as  mineral  contents* 
go.  The  daily  consumption  is  about  75,000  gallons.  No  dwellings  or  privies  are  aUowed 
along  the  banks  of  the  stream,  but  this  precaution  is  offset  by  the  presence  of  pig  yards, 
bams,  and  chicken  yards.  During  every  rain,  and  for  some  time  after,  the  run  is  poUuted 
by  washings  from  these  pens.  Similar  conditions  exist  lower  down,  at  a  small  settlement 
containing  about  12  families.  During  the  summer  of  1905  a  contractor's  camp  was 
located  directly  upon  the  stream  at  the  headwaters.  Many  cases  of  typhoid  fever  an? 
reported  in  the  lown  and  the  water  is  in  bad  repute,  yet  the  meager  figures  obtainable  as  to 
typhoid  mortahty  indicate  a  very  fair  water  supply. 


Typhoid  mortalHy  at  Johnsonburg,  Pa. 


Year. 

Total 
deaths. 

Typhoid 
cases. 

7eS?h1^                Year. 

Total 
deaths.. 

Typhoid 
cases. 

^dsr 

1895 

4 
2 

1 

1898 

23 
43 
45 

4 
1 
5 

I 

iaB6 

1  1899 

1 

1897 

1902 

1 

With  intelligent  inspection  of  this  watershed  Johnsonburg  should  have  a  water  supply 
as  good  as  any  in  the  country.  As  it  is  the  conditions  may  readily  cause  an  epidemic  of 
typhoid  fever.  The  field  assay  (p.  24)  shows  the  Powers  Run  water  to  be  exceptionally 
pure  and  excellent  for  any  industrial  purpose.  For  domestic  use  it  would  be  very  good  if 
not  contaminated,  as  shown  above. 

Eidgway,  Pa. — Clarion  River  above  Ridgway  (population  3,500)  is  polluted  by  the 
domestic  sewage  from  Johnsonburg  and  by  contamination  from  the  paper  mills  there,  as 
well  as  by  the  wastes  from  a  very  large  tannery.  The  public  supply  of  Ridgway  is  derived 
partly  from  a  spring-fed  reservoir  on  Gallagher  Creek  and  partly  from  two  wells,  92  and  91 
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feet  deep,  at  the  lower  edge  of  the  town,  from  which  excellent  water  is  pumped.  These 
wells  became  infected  a  few  years  ago  through  a  defective  casing,  which  allowed  leakage 
from  adjoining  sewers.  Upon  analysis  the  water  was  pronounced  unsafe,  and  though  the 
casing  has  since  been  replaced  the  supply  is  still  somewhat  under  suspicion  by  the  towns- 
people. The  mineral  analysis  shows  no  unusual  features  for  a  water  drawn  from  this 
depth.  If  used  without  treatment,  it  would  give  trouble  in  boilers.  The  Gallagher  Creek 
supply  becomes  scanty  in  times  of  drought,  so  that  the  pumps  at  the  wells  are  now  fur- 
nishing nearly  all  the  water  to  the  reservoir,  from  which  it  is  brought  into  the  town  by 
gravity.  The  figures  available  to  show  typhoid  fever  mortality  are  too  few  to  serve  as  a 
basis  for  any  conclusions  as  to  the  character  of  the  water  other  than  to  prove  that  the  town 
is  not  free  from  the  disease  and  that  its  sewage  therefore  probably  contains  typhoid  bacilli. 
The  most  serious  outbreak  was  in  1895,  when  there  were  36  cases  of  typhoid  fever  with  one 
death. 

In  order  to  determine  the  effect  of  the  industrial  pollution  mentioned,  a  sample  was 
taken  from  Clarion  River  about  a  quarter  of  a  mile  below  the  tahnery.  It  was  so  highly 
colored  as  to  be  unreadable  by  ordinary  means,  appearing  black  in  the  river,  its  shade  being 
equivalent  to  an  iron  color  of  4  parts  per  million.  It  is  practioidly  a  slightly  diluted  tan 
liquor  at  this  point.  Except  for  the  difference  in  color  and  alkalinity  traced  to  the  tanning 
wastes  the  two  samples  at  Ridgway  are  strikingly  alike.  The  influence  of  the  sulphite 
wastes  from  the  Johnsonburg  paper  miU  is  noticeable  in  the  high  sulphur  trioxide  figure. 

BrochoayvilUf  Pa. — Brockwayville  (population  1 ,700)  is  located  on  Little  Toby  Creek,  a 
tributary  of  Clarion  River,  entering  a  few  miles  below  Ridgway.  It  has  a  spring-run 
gravity  supply  from  a  small  reservoir  on  Whetstone  Creek,  5  miles  below  the  town.  There 
is  little  interest  in  the  matter  in  the  village.  The  company  officials  state  that  the  water- 
shed is  not  populated  in  any  way;  but  as  there  is  no  way  of  guarding  against  pollution  of 
the  reservoir,  the  supply  can  not  be  called  wholly  satisfactory.  For  manufacturing  pur- 
poses the  water  is  far  superior  to  that  of  Toby  Creek,  which  receives  considerable  mine 
drainage,  as  shown  in  the  field  assay  (p.  24). 

The  public  supply  is  typical  of  the  spring  waters  of  the  section.  The  assay  of  water 
from  Toby  Creek  shows  the  influence  of  mine  drainage  in  the  high  sulphates  and  iron  con- 
tents and  in  the  nearly  complete  neutralization  of  the  natural  alkalinity  of  the  stream  by 
the  acid  drainage.  This  water  is  not  suitable  for  domestic  purposes  and  would  cause 
much  trouble  in  boilers  from  incrustation  and  corrosion.  The  iron  is  probably  present  as 
ferrous  sulphate. 

Clarion,  Pa. — ^The  largest  town  on  Clarion  River  is  Clarion  (population  about  2,500),  25 
miles  from  the  Allegheny.  Its  supply  is  obtained  partly  by  gravity  from  a  reservoir  upon 
McLains  Run,  and  it  is  said  that  Clarion  River  affords  part  of  the  supply  by  pumping  and 
treatment  with  a  mechanical  filter.  The  sample  analyzed  seems  too  soft  to  have  come  out 
of  the  river.  The  McLains  Run  water  should  be  a  very  satisfactory  supply  if  the  quantity 
remains  sufficient  during  the  dry  season.  The  field  assay  shows  the  public  supply  to  be  a 
very  fine  soft  water  suitable  for  any  purpose.    The  town  sewers  into  Clarion  River, 

The  figures  available  to  show  typhoid  fever  mortality  at  Clarion  are  few,  but  the  large 
number  of  cases  and  high  percentage  of  mortality  show  clearly  enough  that  the  polluted 
river  water  has  been  in  use. 

Typhoid  mortality  at  Clarion,  Pa. 


^^^-  deaths. 


Typhoid   Typhoid 
cases.       deaths. 


1896 1  23  19 


1898 16 

1899 : I 

1900 '  30 

1902 1  18 

I 
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Fidd  assay  ofpuUie  supplies  in  Clarion  River  hasin. 
[Parts  per  millioD.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs) . 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (CI) 


St.  Ma- 
rys. 


Johnson- 
burg. 


0| 
13  I 


I 


0 
106 
(«>) 
0 
22 
12 
0 
4.8 


Ridgway. 


0 

5 

3 
119 
130+ 
133 
«»28 
26 


Brock, 
vltie. 

Clarion 
River. 

0 

0 

27 

45 

(«) 

0 

0 

0 

13 

14 

18 

0 

0 

2,6 

4.4 

Clar-   j  TobT 
ion.     ,  CYeek. 


I 


0 
113     i 
130+ j 

63     < 

30     I 


4 

84 
fiO 

104 
6.1 


a  Estimated. 


b  Very  slight  trace. 


«  Slight  trace. 


ALLEGHENY   RIVER  BETWEEN   CLARION   RIVER  AND  REDBANK   CREEK. 

Parker,  Pa. — Parker  (population  about  1,000)  is  built  in  a  line  along  the  AUeghenv 
River  front  and  on  top  of  the  bluff  overlooking  the  river.  The  waterworks  station  is  at 
the  extreme  southern  end  of  the  town,  the  intake  being  well  out  in  the  middle  of  the  stream. 
All  sewage  and  drainage  from  the  village  finds  its  way  into  the  stream  immediately  above 
the  intake.  Besides  this  there  are  two  slaughterhouses  located  on  Toms  Run,  which  enters 
into  the  Allegheny  a  few  hundred  yards  above  the  northern  edge  of  the  town.  The  sewage 
of  Emlenton  is  emptied  into  Allegheny  River  a  short  distance  farther  upstream.  The 
pumping  station  is  a  ramshackle  building,  filthy  inside  and  out  (see  PI.  I,  A).  A  privy  in 
the  building  is  located  at  the  edge  of  the  shore,  so  that  every  rain  washes  pollution  into  the 
stream  right  at  the  intake.  This  is  one  of  the  grossest  cases  of  ignorance  and  uncleaniiness  in 
water  supply  that  has  been  noted  in  the  course  of  this  investigation.  The  pumping  station 
is  so  located  as  to  supply  water  contaminated  not  only  with  all  the  pollution  from  alK>ve, 
but  also  with  that  at  the  very  doors  of  the  town.  Reliable  figures  as  to  typhoid  fever  here 
would  be  extremely  valuable.  Duiing  the  few  hours  spent  in  the  town  6  cases  were  located. 
This  plant  was  installed  about  thirty  years  ago  and  has  be«n  in  continuous  operation  since. 
It  is  said  that  the  cleaning  which  the  tank  has  just  received  was  the  first  that  it  has  had  in 
many  years.  The  first  cost  of  the  pumping  plant  could  not  have  been  more  than  the  few 
hundred  dollars  necessary  to  purchase  the  tank  and  the  small  gas-engine  which  is  doing  the 
pumping.  The  plant  should  be  replaced  by  a  ground-water  system  similar  to  those  of 
Warren  and  Oil  City. 

Field  assays  ofvxUerfrom  Allegheny  River  at  Parker,  Pa. 


Determination. 


Turbidity.... 

Color 

Iron  (Fe) 

Calcium  (Ca). 


I  Parts  per 
1  ""''"" 


million. 


7 
2 


I 


Determination. 

Total  hardness  (as  CaCOa) 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


a  Estimated. 


Parts  per 
million. 


54 
26 


The  field  assay  of  water  from  the  river  at  Warren  (see  p.  15)  showed  5.6  parts  per  million 
of  chlorine  at  Warren,  agreeing  very  closely  with  the  5.0  parts  per  million  shown  by  the 
analysis  at  Emlenton,  several  miles  above  Parker.  The  very  high  rise  in  the  chlorine  at 
Parker  is  probably  traceable  to  the  salt  used  at  the  slaughterhouses  at  Toms  Run  and 
seems  to  point  to  direct  pollution  of  the  river  above  the  intake  from  this  source. 
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.1.     PUMPING  STATION  AT  PARKER,   PA. 
Showing  condition  of  building. 


B.     DAM  AND  RESERVOIR  OF  PUBLIC  SUPPLY  AT  REYNOLDSVILLE,   PA. 
Showing  flinnsy  construction. 


AliLEQHKNT   BIVER   BASIN. 
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BEDBANK  CBEEK. 

Redbank  Creek,  an  important  tributary  of  the  Allegheny,  enters  the  main  stream  at  Red- 
bank  Furnace,  about  15  miles  below  Parker.  There  are  four  towns  of  consequence  on  this 
tributary  drainage  area — Dubois,  Reynoldsville,  Brookville,  and  New  Bethlehem. 

DuhoiSf  Pa. — Dubois  (population  10,000)  has  a  gravity  supply  from  large  reservoirs  that 
impound  the  waters  of  Anderson  and  Wolf  creeks.  The  Anderson  Creek  reservoir,  9  miles 
from  town,  has  a  capacity  of  150,000,000  gallons,  the  daily  consumption  being  1,000,000 
gallons.  There  was  no  shortage  here  in  the  summer  of  1 904  at  the  time  when  drought  was 
felt  throughout  this  section.  The  supply  is  allowed  to  flow  "wild"  through  the  mains  into 
town,  and  the  excess  goes  on  to  Wolf  Creek  reservoir,  where  it  is  collected  for  storage,  to  be 
pumped  back  in  time  of  need.  The  watershed  is  cleared  of  habitation,  is  partly  owned  by 
the  company,  and  is  patrolled  at  all  times  by  a  paid  constable.  The  reservoirs  are  cleaned 
twice  a  year,  and  it  is  claimed  that  all  cases  of  typhoid  fever  are  traceable  to  the  use  of  pri- 
vate wells,  nearly  all  of  which  have  been  abandoned.  Judgment  as  to  the  water  supply 
of  Dubois  can  hardly  be  definite  in  view  of  the  meager  figures  at  hand  as  to  typhoid  fever. 
The  water  seems  to  be  good. 


Tyjihoid  mortality  at  DuboUy  Pa. 

Year. 

Total 
deaths. 

Typhoid 
deaths. 

1897 

66 
138 
151 

2 

1900 

3 

1901 

3 

This  water  shows  (see  assay  on  p.  20)  a  bright  red  coloration  after  being  heated  to  boil- 
ing point.  This  is  probably  due  to  the  presence  of  iron  as  iron  carbonate,  which  loses  car- 
bon dioxide  on  heating,  leaving  the  red  ferrous  oxide  as  a  precipitate  in  the  water,  FeCOg— 
COj^^®^*  which  combines  with  oxygen  in  the  water  to  form  Tefi^  as  a  red  precipitate. 

Before  the  present  large  reservoir  was  in  service,  three  deep  wells,  now  plugged,  were  sunk, 
in  search  of  an  additional  supply.  Neither  quantity  nor  quality  was  satisfactory.  The 
town  sewers  into  Sandy  Creek,  a  tributary  of  Redbank  Creek. 

ReyncidaviUe,  Pa. — ^Ten  miles  below  Dubois  is  the  town  of  Reynoldsville  (population 
about  5,000).  It  has  a  surface  supply  from  two  small  reservoirs,  one  of  which  is  held  in 
r^erve.  The  one  actually  in  use  covers  about  three-fourths  of  an  acre  and  does  not  appear 
to  be  in  good  condition,  being  apparently  foul  on  the  bottom  and  sides.  The  primitive  char- 
acter of  the  works  is  shown  in  PI.  I,  B.  The  earth  dam  is  but  a  temporary  structure  and 
the  spillway  a  rough  boxing  of  planks.  The  pool  impounds  the  little  run  on  whose  course 
it  is  built,  and  receives  the  flow  of  two  springs  besides.  There  is  evidently  but  a  few  days 
storage,  and  the  supply  is  inadequate.  In  the  fall  of  1904  the  prevalent  scarcity  led  to  the 
drilling  of  two  wells  right  at  the  pumping  station,  the  water  from  which  is  said  to  be  a  little 
harder  than  the  spring  water.  These  are  not  in  operation  at  the  present  time,  being  held 
in  reserve. 


Typhoid  mortality  at  ReyncidsviUe,  Pa. 


Year. 


Total      Typhoid 
deaths,     deaths 


1899. 
1902. 


With  the  reservoir  in  its  present  c<)ndition,  the  water  supply  is  certainly  not  beyond  sus- 
picion. Tlie  land  around  this  reservoir  is  all  in  cultivation,  and  there  is  no  policing  of  the 
drainage  area.    An  assay  of  the  water  is  given  on  page  26. 
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BroohnUet  Pa. — Brookville  (population  2,400)  is  a  rapidly  growing  lumber  town,  locsted 
be.tween  the  confluence  of  the  North  Fork  and  Sandy  Creek.  The  towti  supply  is  piimped 
directly  from  the  North  Fork,  without  purification,  into  three  3,000barre]  steel  tanks, 
whence  a  daily  consumption  of  about  290,000  gallons  flows  by  gravity  into  the  mains,  s^i 
that  there  is  little  or  no  opportunity  for  sedimentation.  A  field  assay  is  given  below 
PI.  II,  A,  shows  the  pumping  station  and  conditions  at  the  intake,  which  is  in  the  mill  pond 
about  30  feet  out  from  the  bank.  The  pond  is  a  stagnant  pool  whose  surface  is  littered  with 
scum,  chips,  logs,  oil,  and  lumber-yard  refuse,  and  at  the  time  the  sample  was  taken  presented 
a  most  uninviting  appearance.  Judging  by  the  high-water  mark  here  conditions  must  be 
much  worse  when  the  spring  freshets  sweep  debris  from  the  whole  course  of  the  stream  into 
the  pond.  A  mile  upstream,  at  another  sawmill,  are  located  the  houses  of  a  few  families 
right  on  the  stream.  The  water  has  a  high  color,  doubtless  due  to  the  rubbish  mentioned 
above. 

The  few  statistics  available  as  to  typhoid  fever  show  the  constant  presence  of  the  disease. 
sometimes  in  high  rates. 

Typhoid  mortality  at  Brookville  ^  Pa. 


Year. 

Total 
deaths. 

Typhoid  1  Typhoid 
cases.    1  deaths. 

1885 

3 

1896 

34 

13 

1 
11 

2 

1897 

1898 

24 

2 

Year. 


Total      Typhoid  i  Typhoi^l 
deaths.       cases.        deiatbs. 


1899 

1900 

1 

36 

6 
3 

1901 

1902  .... 

28 

i 

3 

8 

1 

Sandy  Creek,  although  most  offensively  polluted  at  Reynoldsville  by  the  tannery,  pre- 
sents a  perfectly  clear  appearance  at  this  point. 

New  Bethlehem,  Pa. — Near  the  mouth  of  Redbank  Creek  is  New  Bethlehem,  a  town  of 
about  2,000  population.  Here  there  is  a  very  good,  well^quipped  water-supply  plant.  The 
water,  which  is  rather  hard  and  of  the  limestone  type,  is  pumped  from  Redbank  Creek  into 
a  settling  basin  holding  approximately  180,000  gallons,  whence  a  small  gas  pump  raises  it 
into  a  small  mechanical  filter.  Washout  gates  on  the  distributing  mains  are  used  for  flush- 
ing out  any  deposited  matter.  The  reservoir  and  filters  are  covered,  being  brick  and  cement 
structures,  and  intelligent  supervision  is  exercised  over  the  entire  plant.  The  supply  seems 
to  be  good  and  to  give  satisfaction.  The  machinery  is  all  modern.  The  low  alkalinity  of 
this  water  in  the  presence  of  so  much  calcium  carbonate  probably  results  from  the  acidity  of 
chemicals  added  in  the  filtration  process.  This  supply  should  cause  no  trouble  in  bcHlers 
and  should  be  available  for  many  other  industrial  uses. 

Field  assays  of  public  supplies  from  towns  in  Redbank  Greek  basin. 
[Parts  per  million.] 


Detormination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs) 

Alkalinity 

Sulphates  (SOj) 

Chlorides  (CI) 


Dubois. 

Reynolds- 
vine. 

Brookville. 

Ntfw  Belh- 
lehexn. 

0 

0 

0 

u 

96 

35 

90 

27 

1 

(«) 

Trace. 

(*) 

0 

Some. 

0 

*1 

15 

30 

20 

,i9 

19 

24 

21 

\2 

0 

Trace. 

0 

e20 

2.2 

3.9 

3.9 

> 

«  Very  slight  trace. 


f>  Slight  trace. 


c  Estimated. 
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A.     INTAKE  OF  PUBLIC  SUPPLY  AT  BROOKVILLE.  PA. 


B.     lYGART  RIVER  AT  TYGART  JUNCTION.   W.  VA. 
Showing  nature  of  stream  bed. 
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MAHONINO  GREEK. 

PunxstUavmeyf  Pa, — Mahoning  Creek  flows  through  a  sparsely  settled  country;  the  only 
important  town  on  it  is  Punxsutawnoy,  with  a  population  of  4,375  in  1900.  This  obtains  a 
gravity  supply  from  Clover  Run,  whose  water  is  used  without  purification.  The  Punxsu- 
tawney  water  is  of  the  usual  spring  type,  the  great  difficulty  with  it  being  its  occasional  tur- 
bidity. A  slight  amount  of  patrolling  would  make  the  supply  quite  safe.  The  only  ty- 
phoid-fever data  available  for  Punxsutawnc}'  arc  for  1902,  when  there  were  two  deaths  from 
this  cause. 

Fidd  assay  cf  ivater  from  Punxsyiaumty,  Pa. 


Determination. 


Parts  per 

I  million. 


Determination. 


Parts  per 
i  million. 


Turbidity ol5 

Color I  90 

Iron  (Fe) '  0.5 

Caldum  (Ca) '  0 

t 


Total  hardness  (as  CaCO^) 

Alkalinity 

I  Sulphates  (SO  j) 

Chlorides  (CI) 


15 
21 

0 

5.6 


aEstimated. 

ALLEGHENY  RIVER  BETWEEN  REDBANK  CREEK  AND  KISKtMINITAS  RIVER. 

Kittanningf  Pa. — Kittanning  (population  about  4,000)  pumps  from  Allegheny  River  and 
is  now  installing  a  filtration  plant,  after  passing  through  a  painful  experience  with  typhoid 
fever.  The  disease  may  be  said  to  have  l)een  continuously  epidemic  here  for  years,  as 
shown  by  the  following  figures,  the  number  of  deaths  being  among  the  highest  in  the  country. 


Typhoid  nwrialily  at  Kittanning,  Pa.a 


Year. 


1898. 


Year. 


Deaths 

per 
100,000. 


128 
24 


Year. 

Deaths 
100,000. 

1902 

109 

1903 

160 

Ford  City,  Pa. — Ford  City,  Kittanning's  near  neighbor,  had  a  similar  experience  in 
the  epidemic  conditions  prevailing  from  March  24, 190J^,  to  January  23, 1904,  in  which  period 
eleven  deaths  from  typhoid  fever  occurred,  in  an  estimated  population  of  3,000. 


KI8KIMINITA8   RIVER   BASIN. 


(  ONEMAUOH   RIVKR. 


JohnstownfPa. — Johnstown  (population  about  60,000)  is  on  Conemaugh  River,  the  prin- 
cipal tributary  of  the  Kiskiminitas.  It  has  a  sewerage  system  draining  into  the  river. 
The  Johnstown  Water  Company,  which  furnishes  water  to  alx)ut  7,600  private  consumers, 
takes  its  supply  principally  from  mountain  runs,  the  water  being  impounded  in  an  exten- 
.sive  system  of  storagt*  reservoirs  having  a  maximum  capacity  of  283,000,000  gallons.  There ' 
is  also  an  intake  on  Stony  Creek  for  use  at  times  of  low  water.  The  drainage  areas  ?  re  owned 
to  a  great  extent  by  the  Johnstown  Water  Company  and  the  Cambria  Steel  Company,  and 
are  said  to  be  r^ularly  patrolled  by  special  constables  in  the  employ  of  these  corporations. 

The  daily  consumption  is  about  6,000,000  gallons.  With  the  amount  in  storage  the  town 
usually  has  an  abundant  supply  without  drawing  on  Stony  Creek;  but  the  drought  in  the 
fall  of  1904,  which  proved  so  serious  throughout  this  section,  necessitated  the  use  of  creek 
water  after  public  notice.    Since  then  the  storage  capacity  of  the  reservoirs  has  been 


a  Eng.  News,  Feb.  11,  1904. 
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increased  131,000,000  gallons,  and  still  another  reservoir,  with  a  capacity  of  220,000,000 
gallons,  is  in  process  of  construction. 

The  Cambria  and  Morrellville  Water  Company,  with  about  500  consumers,  takes  its  wat^r 
from  one  reservoir  and  one  deep  well.  The  Cambria  Steel  Company's  supply,  from  mountain 
reservoirs  and  from  Conemaugh  River,  is  said  to  be  used  exclusively  for  industrial  purpoaes. 

The  typhoid  fever  mortality  at  Johnstown  is  shown  by  the  following  table: 

Typhoid  mortality  at  JohnsloiDn,  Pa. 


Year. 


1891. 
1892. 


18d3. 


Popula-  I    Total    |  Typhoid 
tfon.     ;  deaths,      deaths. 


21,805 
22,000 
23,300 


Typhoid 
death 


1894 

i   23,800 

1895 

1  i»  nnn 

1896 1 

1897 

26,000 

1898 

1   32,000 

1899 

35,936 

1901 

'  37.nnn 

1902 40,000 

Approximately  one-third  of  the  cases  of  typhoid  fever  are  among  nonresidents  under 
treatment  at  the  hospitals,  and  the  remaining  two-thirds  are  about  equally  divided  between 
those  who  do  and  tho.se  who  do  not  use  the  supply  of  the  Johnsto\iii  Water  Company. 
There  is  no  doubt  that  insanitary  local  conditions  and  the  use  of  well  wat«r  are  responsible 
for  a  considerable  percentage  of  the  typhoid  fever,  but  the  distribution  of  the  disease  over 
the  entire  city  among  consumers  of  the  public  supply  and  other  factors  indicate  that  the 
supply  is  not  blameless.  Stony  Creek  is  so  grossly  polluted  above  the  intake  that  it  is 
absolutely  unfit  for  domestic  use  in  its  raw  state.  Comparison  of  the  Conemaugh  River 
water  with  the  mountain  water  indicates  that  the  latter  is  decidedly  the  better. 

Field  assays  of  water  in  KisJdmmitas  River  basin. 
[Parts  p(»r  million.] 


Johnstown. 


Determination. 


Turbidity 0 

Color 40 

Iron  (Fe) (a) 

Calcium  (Ca) 

Total  hardness  (as  CaCOj) 37 

Alkalinity 47 

Sulphates.  (SOj) '  6  5 

Chlorides  *(C1) '  8.2 


a  Very  slight  trace. 


^  Estimated 


The  Johnstown  public  supply  is  very  soft  and  pure;  but  the  high  color  suggests  some 
marshy  drainage.  The  water  of  Conemaugh  River  is  much  harder  and  makes  serious 
trouble  in  boilers,  and  is,  besides,  so  contaminated  at  times  as  to  make  its  use  for  domestic 
purposes  inadvisable  without  filtration.  The  well  water  is  very  much  harder  than  the  city 
supply. 
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IndiaTuif  Pa. — Indiana  (population  about  6,000)  on  Marah  and  Whites  runs,  branches  of 
Two  Lick  Creek,  which  drains  into  Conemaugh  River,  has  an  unfiltered  suppl}*  from  the 
creek. 

The  chief  trouble  with  the  water  supply  seems  to  be  the  lack  of  sanitation  on  the  creek. 
As  far  as  mineral  contents  go,  the  water  is  of  fair  quality. 

KISKIMINITAS  RIVER  BELOW  COMEHAUOH  RIVFK. 

Vandenrriftf  Pa. — Vandeigrift  (population  about  5,000)  has  a  combination  spring  and 
well  water  supply,  and  Apollo,  near  by,  pumps  from  Kiskiminitas  River.  Both  drain  into 
the  Allegheny,  and  the  typhoid-fever  figures  given  indicate  the  character  of  this  contribu- 
tion to  the  river  water. 

ALLBOHENY   RIVER  BETWEEN   KISKIMINITAS  RIVER  AND  PITTSBURO. 

The  quality  of  the  water  of  Allegheny  River  below  Kiskiminitas  River  is  described  under 
the  heading  "Natural  filtration,"  page  57. 

SUMMARY   OF  CONDITIONS  IN   ALLEGHENY   RIVER  BASIN. 

The  work  of  the  Pittsburg  filtration  commission  showed  conclusively  that  in  a  water- 
shed of  the  "quick-spilling"  class,  like  the  Allegheny,  even  a  scattered  population,  not  col- 
lectively a  great  number  as  compared  to  a  great  city,  can  and  does  pollute  the  main  stream 
to  a  degree  that  makes  its  water  undesirable  and  dangerous  for  drinking. 

The  foregoing  study  shows  that  typhoid  fever  exists  in  some  form  at  all  points  on  the 
river  and  its  important  tributaries.  Owing  to  the  character  of  the  physical  features  of  the 
country  this  contamination  may  enter  the  stream  at  any  point  and  be  delivered  in  virulent 
form  at  any  other  point  below.  The  profile  sheet  (PI.  Ill)  shows  that  the  slope  of  Alle- 
gheny River  is  rather  abrupt.  The  elevations  used  in  platting  in  many  cases  represent  only 
approximately  the  actual  level  of  the  river,  and  the  distances  are  partly  scaled  from  a  map. 
This  inaccuracy  of  data  is  of  no  consequence  in  a  chart  drawn  to  the  scale  shown,  the  actual 
diflerences  being  far  too  small  to  plat,  so  that  the  profiles  given  faithfully  represent  actual 
conditions. 

At  Port  Allegany,  near  the  source  of  the  stream,  the  elevation  is  1,479  feet;  at  Franklin, 
where  French  Creek  joins  the  main  stream,  the  elevation  is  969  feet,  a  drop  of  510  feet  in 
145  miles,  or  about  3.5  feet  per  mile.  This  is  not  an  exceptionally  steep  grade,  many  irriga- 
tion canals  of  the  West,  built  in  earth,  having  a  fall,  roughly  speaking,  of  1  to  5  feet  per 
mile,  without  ordinarily  acquiring  a  velocity  sufficient  to  damage  their  banks.  In  view 
of  the  resistance  offered  to  the  flow  of  water  in  the  open  channel  by  rocks  and  unevennesses 
of  surface,  it  is  evident  that  the  velocity  given  by  the  slope  of  the  river  bed  is  not  sufficient 
to  account  for  the  rapid  delivery  of  storm  water  to  a  point  near  Pittsburg. 

The  character  of  the  watershed  is  a  factor  whose  importance  can  be  .surmised  when  one 
recollects  the  numerous  and  destructive  floods  in  this  stream.  The  sides  of  the  valley 
through  which  the  river  flows  are  steep  and  the  soil  does  not  absorb  water  readily.  Besides, 
numerous  side  goiges  dissect  the  country  in  every  direction,  with  slopes  so  abrupt  as  to 
deliver  storm  water  in  torrents  to  the  main  stream.  Even  the  larger  tributanes  have  very 
steep  grades.  This  is  clear  from  the  profiles  of  the  comparatively  large  tributaries,  French 
Creek  and  Clarion  River.  Between  Corry  and  Franklin,  where  it  enters  the  Allegheny, 
French  Creek  descends  457  feet  in  a  distance  of  about  70  miles,  making  a  grade  of  about 
6.5  feet  to  the  mile — a  slope  about  twice  as  steep  as  that  of  the  main  stream.  Clarion  River, 
between  Ridgway  and  its  mouth,  a  distance  of  58  miles,  has  a  fall  of  514  teet,  or  8.9  leet  to 
the  mib.  The  facts  seem  to  be,  therefore,  that  a  valley  with  a  gradient  in  the  main  as 
low  as  3.5  feet  to  the  mile  will  deliver  storm  water  very  rapidly  if  its  side  slopes  are  steep 
and  covered  mainly  with  a  somewhat  impervious  soil. 

The  significance  of  these  conditions  and  the  justne.ss  of  the  judgment  thereon  by  the 
filtration  commission's  experts  will  be  made  clear  by  the  following  description  of  the  Monon- 
gahela  River  drainage. 
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MONONGAHELA.  RIVER  BASIN. 

DESCRIPTION   OF   BASIN. 

Monongahela  River  is  formed  by  the  junction  of  several  streams,  the  largest  being  the 
Youghiogheny,  which  enters  at  McKeesport.  Above  this  point  the  largest  tributair  is 
Cheat  River,  which  furnishes  the  greater  portion  of  the  water  in  the  Monongahela  the  year 
round.  The  drainage  area  of  this  stream  as  weU  as  that  of  West  Fork  and  of  Tyg&rt  River, 
other  tributaries  of  the , Monongahela,  is  very  sparsely  populated,  the  towns  being  few, 
small,  and  far  between.  The  total  population  of  the  Monongahela  River  drainage  area  n 
1900  .was  almost  identical  with  that  of  the  Allegheny,  each  consisting  of  about  184/0J 
people. 
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Fig.  2.— Map  of  Monongahela  River  basin,  showing  population. 


TYGART  RIVER   ABOVE   BUCKIIANNON    RIVER. 

Tygart  River  is  a  rapid  stream  flowing  over  naked  rock  (PL  II,  B,  p.  26)  in  neariy  the  whole 
of  its  course,  through  very  thinly  inhabited  country.  The  heavy  timber  in  its  drainage 
area  was  cut  long  ago,  so  that  very  little  lumbering  is  now  carried  on  there,  with  its  too 
frequent  accompaniment  of  pollution  of  the  running  streams.  The  profile  of  this  river 
(PI.  Ill)  points  to  the  fact  that  on  account  of  the  rapidity  of  its  flow  there  can  be  but  little 
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self-purification  of  its  wator,  the  pollution  not  being  detained  long  enough  in  the  water  t^ 
permit  much  sedimentation. 

HVeinSf  W,  Fa. — ^The  town  nearest  to  the  source  of  Tygart  River  is  Elkins  (population, 
about  2,500),  whose  water  supply  is  pumped  directly  from  the  river  without  purification. 
A  field  assay  of  this  water  is  given  on  page  33.  In  view  of  the  very  scanty  population  above 
Elkins,  a  little  intelligent  sanitary  inspection  should  insure  a  good  supply,  the  water  being 
as  a  rule  exceptionally  pure  and  clear.  There  is,  however,  more  or  less  pollution  at  all 
times  ftx>m  privies  and  farms  along  the  stream,  putting  the  city  in  the  position  of  drinking 
from  a  beautiful  reservoir  of  clear  water  which  is  liable  to  contamination  by  every  one 
working  along  the  river.  The  sewage  of  Elkins  drains  into  Tygart  Kiver,  and  as  the  flow 
of  the  stream  is  swift  the  harmful  character  of  this  contribution  is  not  much  lessened  in 
the  short  time  it  traverses  the  15  miles  between  Elkins  and  Belington. 

Bdington,  W.  Vcl — Belington,  a  town  of  possibly  800  population,  draws  its  supply 
directly  from  Tygart  River.  It  seems  certain  that  more  or  less  pollution  from  Elkins 
sewage  is  bound  to  come  down  as  far  as  Belington ;  besides  the  same  liability  to  careless 
or  wanton  poUi^tion  that  exists  above  Elkins  would  operate  to  make  the  water  unsafe  for 
Belington.  Sanitary  inspection  of  the  stream  is  needed.  A  field  assay  of  water  from 
Tygart  River  at  Belington  is  given  on  page  33. 


BUOKHANNON  RIVBB. 

Buckhannon  River  enters  the  Monongahela  at  Tygart  Junction,  about  12  miles  below 
Belington,  carrying  at  least  as  much  water  as  Tygart  River  does  up  to  that  point. 

Buekhanrumf  W.  Va. — The  only  town  on  this  tributary  is  Buckhannon  (population, 
2,500),  whose  water  supply  is  drawn  directly  from  Buckhannon  River,  which  is  backed  up 
for  several  miles  above  the  city  by  an  old  milldam.  The  intake  of  the  pumping  station  is 
above  the  points  of  exit  of  the  sewage  from  the  city.  The  plant  is  operated  in  connection 
with  a  modem  ice  plant  using  sterilized  water.  The  same  laxity  exists  here  as  at  Beling- 
ton and  Elkins  as  regards  sanitary  inspection  of  the  stream. 

Fidd  assays  ofvxUerfrom  Buckhannon, and  from  Buckhannon  River. 
[Parts  per  million.] 


Determination. 


Buckhannon. 

Buckhan- 
non River 
at  Ty^rt 
Junction. 

40-foot    City  sup- 
well,          ply. 

0 
45 
2.5 
102 
130 
83 
5 
29 

0 

S6 

Trace. 

0 
28 
12 

0 

9 

0 

50 

0 

32 

12 

0 

9 

Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  Ca?Ot) 

Alkalinity 

Sulphates  (80») 

Chlorides  (CI) 


a  Slight  trace. 

The  well  water  is  obtained  from  a  well  that  some  years  ago  caused  a  typhoid  epidemic 
by  becoming  infected  with  drainage  from  neighboring  privies.  The  water  is  character- 
istically hard  and  would  be  very  poor  for  any  industrial  or  domestic  use,  and  the  liability 
of  the  well  to  pollution  from  infected  drainage  makes  it  best  to  avoid  it  as  a  source  of  water 
for  drinking.  The  two  analyses  of  the  river  water  show  practically  the  same  mineral  con- 
tent and  indicate  that  it  is  a  very  excellent  water,  suitable  for  any  manufacturing  or  boiler 
purposes. 

The  great  objection  to  the  Buckhannon  water  lies  in  the  deliberate  pollution  that  goes 
on  all  along  the  river  above  the  town.    For  40  miles  above  Buckhannon  the  stream  winds 
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through  forest  country  having  a  very  scanty  population  scattered  along  the  banks.  There 
are  eight  or  ten  Httle  villages  along  the  course  of  the  stream,  and  every  one  of  them  has  at 
least  two  or  three  privies  overhanging  the  water. 

PickenSf  W.  Va. — Pickens,  a  town  at  the  head  of  the  river,  having  a  population  of  a  it-m 
hundred,  is  built  on  the  steep  slopes  of  a  little  valley  draining  into  the  stream.  At  tht 
railroad  station  the  privy  stands  directly  over  a  tributary  within  40  yards  of  tl.i- 
main  stream.  Farther  downstream,  at  the  mill,  there  are  two  or  three  more  privies 
located  directly  on  the  stream  itself.  With  this  pollution  going  down  the  river,  rpin- 
forced  every  few  miles  with  more,  it  is  difficult  to  see  how  Buckhannon  wat-er  can  he 
safe.  The  only  protection  the  consumers  have  is  the  7-mile  sedimentation  basin  iiit<» 
which  *he  river  at  Buckhannon  has  been  turned,  giving  the  pollution  a  chance  to  settle. 

Field  assays  ofvxUerfrom  PickenSf  W.  Va. 
[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOj) . 

Alkalinity 

Sulphates  (SOj) 

Chlorides  (CI) , 


10-foot    I    IQO-fOOt         Or.rir.<» 


well. 

0 
17 

76 
90 
24 
a20 
19 


0 
70 
18 
62 

104 
78 

a  10 
19 


a  Estimated. 


The  spring  furnishes  a  typical  water  of  this  class — soft  and  pure.  The  high  mineral 
content  of  the  shallow  well  points  to  a  characteristic  rock  water,  the  rock  being  within  a 
few  feet  of  the  surface  and  dipping  down  the  hill  to  where  the  100-foot  well  is  locaU^d. 
The  latter  is  used  in  boilers  with  unsatisfactory  result-s,  as  might  be  expect<»d  from  the 


assay. 


TYOART   RIVER   BELOW    BUCKHANNON    RIVER. 


Philippif  W.  Va. — The  village  of  Philippi  (population  about  1,000)  is  located  on  Tvgart 
River,  about  15  miles  below  Behngton  and  about  12  miles  below  Buckhannon.  As  thf 
sewage  from  the  towns  already  mentioned  pollutes  the  stream,  it  is  not  believed  that  the 
Philippi  supply  is  safe,  pumped  as  it  is  dir(>ctly  from  the  river  without  purification.  It 
should  bo  borne  in  mind  that  while  these  streams  do  not  receive  a  great  deal  of  pollution 
from  any  one  of  these  towns,  the  amount  of  water  in  the  river  beds  becomes  very  low  in 
the  summer  and  fall,  so  that  the  beneficial  effects  of  dilution,  if  there  are  any,  must  U* 
very  slight,  and  at  the  same  time  sedimentation  and  storage  probably  play  no  part  at  ail 
in  the  purification  of  the  water,  owing  to  the  high  velocity  of  the  streams. 

Although  the  water  is  naturally  very  pure  and  these  little  towns  are  about  15  miles 
apart,  it  seems  certain  that  purification  in  a  stream  so  small  and  rapid  is  not  sufficient  io 
warrant  the  use  of  the  water  for  drinking  after  infection  from  even  a  few  families  has 
entered  the  stream.  Although  the  drainage  area  as  far  down  as  Grafton  is  so  sparsi»ly 
inhabited  that  pollution  from  all  sources  except  city  sewage  is  extremely  slight,  the  rugged 
nature  of  the  country  allows  storm  water  to  enter  the  stream  very  rapidly,  increasing  tlu* 
liability  to  wash  down  infection.  Nevertheless,  the  water  remains  very  clear  a  great  deal 
of  the  time,  there  being  comparatively  little  fine  soil  to  be  washed  away. 

Grafton,  W.  Va. — Grafton  (population  about  5,000)  is  about  20  miles  down  the  river 
from  Philippi.  The  city  supply,  amounting  to  about  500,000  gallons  a  day,  is  drawn 
direct  from  the  Tygart  River  without  purification.     As  very  little  sewage  is  added  to  the 
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stream  from  Philippi,  there  is  a  stretch  of  about  35  miles  that  may  be  re-garded  as  rela- 
tively free  from  pollution  above  Grafton.  Distance,  however,  in  the  absence  of  conditions 
permitting  sedimentation,  is  of  no  avail  in  purifying  river  waters,  and  it  is  believed  that 
this  water  is  not  safe  for  drinking  purposes  without  treatment.  There  is  so  much  wanton 
defilement  in  small  amounts  along  the  stream  that  anyone  who  follows  its  course  from  its 
source  to  Grafton  will  not  be  inclined  to  drink  the  raw  water  at  any  point.  The  city  of 
Grafton  has  never  taken  proper  care  of  its  water  supply.  Until  a  few  years  ago  the  intake 
of  the  city  system  was  a  little  below  the  town,  so  that  the  people  of  the  town  were  drinking 
a  dilution  of  their  own  sewage.  The  consequent  high  typhoid  rate  resulted  in  the  removal 
of  the  intake  up  the  stream,  by  which  the  conditions  were  somewhat  improved.  Filtra- 
tion of  the  supply,  however,  is  absolutely  necessary  to  make  the  water  safe. 

The  change  in  chemical  content  below  Belington  is  striking,  the  hardness  and  alkalinity 
both  being  reduced  about  50  per  cent  at  Tygart  Junction  and  the  hardness  still  further  . 
reduced  at  Grafton.  The  reduction  is  probably  due  to  the  acid  mine  drainage  along  the 
course  of  the  stream  neutralizing  the  alkaline  carbonates  to  a  great  extent  and  causing 
the  precipitation  of  some  of  the  calcium  carbonate.  The  amounts  of  these  present  are  so 
very  small  that  this  water  is  exceedingly  pure,  usable  for  any  industrial  purpose  in  its  raw 
state. 

Between  Grafton  and  Fairmont  the  river  flows  through  a  country  that  is  somewhat 
more  rolling  than  that  at  the  headwaters.  There  is  little  population,  only  a  few  hamlets 
being  on  the  stream.  It  is  noticeable,  however,  that  every  one  of  them  has  houses  drain- 
ing into  the  stream,  so  that  pollution  in  small  quantities  is  constantly  entering  it.  There 
are  no  public  supplies  at  these  points,  the  inhabitants  all  using  individual  wells. 

Fidd  asmiys  of  vxUerfrom  Tygart  River  at  points  in  West  Virginia  and  ofweH  vxUerfrom 

Cdfax,  F.  Va. 

[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardneas  (as  CaCOa) 

Alkalinity 

Sulphates  (80s) 

ChlorldM(Cl) 


Elkins. 


0 
83 

0 
45 
25 
0 
9 


Beling-  |  Tygart 
ton.      Junction. 


0 
180 


Grafton. 


0 
22 
Trace. 
0 
7 
14 
0 
9 


Colfax. 


53-foot 

well. 


36-foot 
well. 


0 
17 
10 
52 
139 
96 

0 
19 


0 
0 
0 
133 
139 
14 
155 
34 


o  Estimated. 

The  well  waters  are  both  in  the  rock,  possibly  in  the  coal  seam  which  was  uncovered 
at  the  depth  of  about  35  feet  in  building  the  abutments  for  the  bridge  at  this  point.  They 
are  both  very  hard.  That  of  the  53-foot  well  destroys  tinware  rapidly,  probably  by  the 
action  on  the  metal  of  free  OOj  ^n  the  water.  It  is  possible  also  that  the  iron  is  present 
as  ferrous  bicarbonate  (FeH  (003)2),  which  is  decomposed  in  contact  with  the  metal, 
giving  off  a  little  free  COj. 

WEST  FORK  BIVER. 

At  Fairmont  Tygart  River  unites  with  West  Fork  River  to  form  the  Monongahela. 
West  Fork  River  is  a  stream  of  very  different  character  from  the  one  just  discussed.  As 
may  be  seen  from  the  profile  sheet,  it  is  practically  a  series  of  pools  connected  by  the  run- 
ning stream,  with  a  very  slight  fall,  so  that  purification  may  go  on  to  a  great  degree  by 
the  influence  of  sedimentation  and  storage.  The  stream  is  also  very  turbid  during  a  laige 
1KB  161—06 3 
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portion  of  the  year.  This  adds  to  the  possibility  of  purification  by  the  heavy  particles 
settling  in  the  pools  and  ci^rrying  down  the  bacteria. 

Weston,  W.  Va. — The  city  of  Weston  (population  3,000)  is  nearest  the  head  of  the  stream. 
Above  it  there  is  no  sewage  and  a  scattered  and  scanty  population.  The  public  supply  i« 
pumped  directly  from  West  Fork  River,  about  200,000  gallons  a  day  being  used.  The 
supply  is  to  be  criticised  in  three  respects.  In  the  first  place,  it  becomes  very  scarce  during 
the  summer.  Secondly,  the  turbidity  is  'high  at  certain  seasons  of  the  year.  The  drain- 
age area  of  this  stream  is  different  from  that  of  Tygart  River  in  that  there  is  a  deeper  soil 
and  much  more  land  in  cultivation,  so  that  the  frequent  rains  wash  down  much  fine  yellom- 
clay,  which  settles  very  slowly  in  the  water.  The  third  objectionable  feature,  hardly  kas 
serious  than  the  insufi&cient  quantity,  is  that  besides  the  organic  matter  which  is  washed 
into  the  stream  above  Weston  from  the  dwellings  and  farms  along  the  shores,  the  stream 
is  wantonly  polluted  above  the  intake  of  the  waterworks.  There  are  several  privi^  on 
the  other  side  of  the  river  from  the  waterworks  just  a  few  feet  above  the  dam. 

On  the  whole,  a  great  deal  of  improvement  is  needed  in  the  town's  water  supply  before 
it  can  be  said  to  be  satisfactory.  The  water  company  i»  contemplating  the  purchase  of  a 
mill  site  farther  up  the  river,  which  will  add  about  40,000,000,  gallons  of  storage.  If  this 
purchase  is  made  and  vigorous  measures  are  taken  to  police  the  area  adjacent  to  the  river, 
the  result  will  be  an  immense  improvement  in  the  quality  of  the  water. 

The  quality  of  ground  water  which  it  is  possible  to  develop  here  for  municipal  use  is  indi- 
cated by  the  field  assays,  given  herewith,  of  water  from  three  deep  wells  sunk  in  search  of  oil 
and  gas.  The  quantity  of  water  obtained  from  these  wells  is  ample.  In  quality  the  water 
is  fairly  good  for  drinking  purposes,  though  too  high  in  mineral  matters  for  commercial  use. 
The  wells  are  located  rather  close  together,  the  Irvin  and  Woodford  wells  being  on  opposite 
sides  of  the  river,  about  a  quarter  of  a  mile  apart  and  the  Maxwell  well  about  2  miles  dis- 
tant. The  remarkable  agreement  in  the  quality  of  the  waters  of  the  two  former  would  seem 
to  indicate  that  they  are  from  the  same  water  horizon.  It  is  believed  that  a  chain  of  wells 
sunk  to  the  depths  indicated  would  yield  an  ample  water  supply  for  the  town  of  Weston. 
Such  a  supply  could  not,  however,  be  used  in  boilers  without  treatment. 

Field  assays  of  ground  water  from  Weston,  If.  Va. 
IParts  per  million.] 


Determination. 


Turbidity 

Color 

Iron(Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOi) 

Alkalinity 

Sulphates  (S Da) 

Chlorides  (CI) 


Ervln 
well;  700 
feet  deep. 


392 
0 


Wood- 
ford well; 
700  feet 

deep. 


65 


393 
0 


Maxwell 
well;  635 
feet  deep. 


0 

3o 

U 

2S 

104 

4« 

0 

426 


These  waters  are  all  hard  rock  waters,  suitable  for  drinking  purposes,  but  high  in  incnist- 
ing  and  corroding  solids,  and  therefore  unfit  for  use  in  boilers.  The  chlorides  corrode  the 
tubes  rapidly,  and  no  treatment  has  yet  been  discovered  that  will  prevent  this  action. 

The  water  of  West  Fork  River  itself  is  very  similar  in  mineral  content  to  that  of  the  two 
streams  discussed  above.  The  field  assay  is  supplemented  by  an  analysis  furnished  by  the 
Baltimore  and  Ohio  Railroad  Company  made  in  October,  1900: 
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Field  a99ay  of  water  from  West  Fork  River  and  analysis  ofrvaUrfrom  pod. 


Field  assays. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOi) 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


ParU 
per  mil- 
lion. 


Analysis. 


a2 
70 

0 
tr. 
35 
30 

0 
12 


Iron  and  alumina  (FesO»+AlsOa) 

Calcium , 

Magnesium 

Sodium 

Chlorine 

Sulptiate  radicle 

Carbonate 

Color,  brown. 


Parts 
per  mil- 
lion. 


54 

6 
3 
13 
19 
22 
2 


a  Estimated. 
Rkmarks  bt  analyst:  Full  of  organic  matter;  rotten  odor;  unfit  for  use. 

When  the  stream  becomes  very  low  in  the  fall,  it  is  of  uninviting  appearance  in  the  pools, 
and  this  feature  makes  the  present  supply  most  unsatisfactory. 

Clarksburg^  W.  Va. — Clarksburg  (population  about  6,000)  is  about  22  miles  down  West 
Forlc^River  from  Weston.  The  city  supply  is  pumped  without  purification  from  West  Fork 
Kiver.  Between  "Weston  and  Clarksburg  there  is  considerable  rural  population,  the  land  be- 
ing rolling  and  fertile.  Although  farm  pollution  takes  care  of  itself  to  a  large  extent,  a  por- 
tion at  least  of  the  drainage  from  the  farms  finds  its  way  into  £lk  Creek  and  West  Fork 
River.  The  most  important  factor  of  pollution,  however,  is  the  sewage  from  Weston.  If 
there  were  always  plenty  of  water  in  the  river  its  extremely  low  rate  of  flow  might  insure 
sufficient  detention  of  the  sewage  to  cause  a  high  degree  of  purification.  The  stream  be- 
comes 80  nearly  dry,  however,  that,  as  at  Weston,  isolated  pools  have  to  be  drawn  upon  for 
the  city  supply  at  certain  seasons  of  the  year.  Plans  are  under  way  for  rebuilding  the  Clarks- 
burg pumping  plant  and  adding  to  it  a  settling  basin.  If  efficiently  operated  this  will 
improve  the  appearance  of  the  water  and  probably  lower  the  bacterial  content  to  some  extent. 
It  is  not  believed,  however,  that  this  water  is  safe  for  public  supply  without  filtration.  It  is 
claimed  by  the  townspeople  that  it  is  not  used  for  drinking,  spring  and  well  water  being  sold 
and  used  extensively.  A  similar  claim  is  made  in  nearly  every  town  in  West  Virginia  that 
has  a  bad  water  supply;  but  in  most  cases  the  statement  is  not  warranted  by  the  facts. 
Experience  has  shown  that  no  matter  how  bad  the  quality  of  the  water,  if  it  has  not  an 
ofTensive  appearance  and  odor,  and  frequently  if  it  has,  a  large  percentage  of  the  population 
on  the  taps  will  drink  it  habitually,  trusting  to  luck  to  escape  disease.  It  is  safe  to  assume 
that  every  dangerous  public  water  supply  in  West  Virgmia — and  there  are  many  of  them — 
which  it  is  claimed  by  the  residents  is  used  only  for  washing,  is  being  drUnk  by  precisely 
those  who  should  not  drink  it — the  poorer  inhabitants,  who  can  not  buy  pure  water  or 
take  care  of  themselves  after  they  are  infected. 

West  Fork  River  water  would  not  be  unusually  diflicult  to  filter,  the  experience  of  the 
Hotel  Waldo  with  a  small  Loomis  apparatus,  with  alum  sedimentation,  being  very  encour- 
aging. This  device  is  in  the  form  of  a  compact  tank  inclosing  a  so-called  cutting  plate  or 
diaphragm  screen,  through  which  the  sand  has  to  pass  up  and  down  in  wa.shing,  breaking  up 
the  dirty  material  caught  on  the  sand.  An  assay  of  the  water  treated  with  this  apparatus 
shows  a  remarkable  improvement  in  quality,  due  largely  to  the  heating  of  the  raw  water. 

Three  analyses  of  ground  water  from  wells  at  Clarksburg  are  given  below.  These  waters 
are  derived  from  widely  different  levels,  the  shallowest  being  in  one  of  a  group  of  flowing 
wells  46  feet  deep  at  Union  Heights.  This  well  furnishes  water  for  domestic  use,  but  like 
the  160-foot  well  of  the  Standard  Milling  Company  its  yield  is  not  sufficiently  great  to  make 
it  important  for  anything  but  private  supply.  Not  until  the  drill  is  sunk  to  the  extreme 
depth  shown  at  the  Hotel  Waldo — 500  feet — is  a  body  of  water  found  great  enough  to  stand 
pumping.    Its  quality,  however,  approximates  that  of  mineral  water,  its  chlorine  and  iron 
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contents  being  extremely  high.  The  well,  which  is  a  4-inch  one,  was  pumped  all  fiummer 
and  supplied  a  large  portion  of  the  town  until  the  excessive  drought  of  1904  so  exhausted 
the  stratum  as  to  necessitate  a  stoppage  of  pumping.  It  would  seem,  however,  that  ar. 
adequate  city  supply  could  be  obtained  by  drilling  a  number  of  wells ;  but  the  expense  of 
this  system  and  the  fact  that  the  water  is  un6t  for  boiler  use  indicates  that  it  would  be 
better  and  cheaper  to  install  a  plant  for  mechanically  filtering  the  water  of  West  Fork  River. 

Fidd  assays  of  water  from  Clarksburg  y  W.  Va. 
[Parts -per  mllUon.} 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs) 

Allcalinity 

Sulphates  (SOt) 

Chlorides  (CI) 


46-foot 

flowing 

well, 

T.J. 

Francis. 


0 
0 
0 
88 
104 
312 
0 
60 


160-foot 
well, 
Stand- 
ard Co. 


0 
17 

6.5 
56 


500-foot 

well, 
Waldo 
Hotel. 


West  Fork 
River. 


I 


257 

(c) 

19 


0 

24 
64 


381  I 

0 
423  ! 


Raw. 

(a) 
88 

0 
63 
20 
MO 

9 


Fil- 
tered. 


0 
17 

0 
21 
14 

0 

4 


<s  Decided. 


b  Estimated. 


cVery  slight  trace. 


The  well  waters  are  too  high  in  mineral  contents  to  be  used  in  industrial  plants  without 
treatment.  The  river  water  is  shown  in  its  natural  state  and  as  improved  by  filtration  with 
the  Loomis  apparatus,  the  process  rendering  it  extremely  soft  and  the  diminution  in  bsc- 
terial  content  making  the  eflSuent  safer  for  drinking.  It  is  not  known  whether  the  process 
can  be  made  cheap  enough  for  use  on  a  laige  scale. 

Salem  and  Wallace,  W.  Va. — Salem  and  Wallace,  on  the  branch  lines  of  the  Baltimore  and 
Ohio  Railroad  radiating  from  Clarksburg,  present  conditions  typical  of  towns  that  rely  on 
ground  water  for  their  supply.  Salem  (population  7(X))  derives  its  supply  from  six  welt, 
about  100  feet  in  depth,  all  in  the  sandstone,  the  source  of  all  the  drilled-well  wat«r  in  this 
section.  The  first  water  stratum  is  tapped  at  about  .56  feet.  Springs  in  the  section  are 
neither  numerous  nor  strong  and  practically  all  fail  in  times  of  drought. 

The  spring  water  is  considerably  more  mineralized  than  the  pure  mountain  springs  in  this 
drainage  area,  yet  it  may  bo  considered  a  soft  water.  The  public  supply  (assay  on  p.  37)  is 
very  hard,  not  usable  for  industrial  or  boiler  purposes  without  treatment.  The  high  alka- 
linity suggests  the  presence  of  alkaline  carbonates,  besides  the  calcium  compounds. 

At  Wallace,  W.  Va.,  a  little  oil  town  (population  4(X))  there  is  no  public  supply.  The 
town  is  built  along  a  little  creek  draining  into  West  Fork  River,  and  in  every  case  where  it 
was  possible  to  do  so  the  outhouses  have  been  constructed  to  overhang  the  creek,  the  latter 
becoming  practically  an  open  sewer. 

The  extensive  drilling  for  oil  has  developed  the  geological  structure  in  this  section  enough 
to  show  that  wat«r  may, be  had  at  depths  ranging  from  20  to  about  200  feet — in  large  quan- 
tity and  reputed  good  quality — at  the  latter  depth.  The  assays  (p.  37)  are  of  water  from 
shallower  wells  in  common  use,  the  108-foot  well  being  on  a  farm  at  the  edge  of  the  town. 
Most  of  the  shallower  wells  become  very  low  in  summer. 

The  water  from  the  108-foot  well  is  remarkable  for  its  softness,  the  probability  being 
that  the  carbonates  are  present  as  sodium  and  potassium  carbonates,  and  that  calcium 
and  magnesium  are  lacking.  As  the  great  difiiculty  with  the  ground  waters  of  northern 
West  Vii^inia  is  their  hardneas,  which  unfits  them  for  boiler  uses,  this  well  is  important  as 
indicating  a  vein  of  soft  water  at  this  depth.    The  other  water  assayed  is  fair,  the  incrusting 
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solids  being  chiefly  calcium  carbonate.    The  yield  from  the  well  furnishing  this  is  small, 
sufficient  only  for  a  half  dozen  families. 

ShinnsUmf  W.  Va. — Between  Clarksbuig  and  Fairmont  there  are  many  small  coal-mining 
camps  and  coke  ovens.  Shinnston  (population  600),  on  West  Fork  River,  is  the  largest  of 
these  places.  The  public  supply  is  pumped  unpurified  from  the  river  into  a  1,000-barrel 
tank.  This  is  said  to  be  used  for  fire  service  only,  drinking  water  being  obtained  entirely 
from  shallow  wells  10  to  40  feet  deep,  the  depth  depending  on  the  elevation  of  the  top  of  the 
well,  the  water  in  all  being  derived  from  beds  at  the  same  horizon  apparently.  The  town  is 
located  just  below  the  Pittsburg  coal  seam,  which  is  pierced  at  East  Shinnston,  about  3 
miles  farther  northeast,  where  there  are  flowing  mineral  wells.  Some  years  ago  a  drilling 
made  through  the  first  rock  (40  feet)  by  William  Blair  gave  good  water  in  great  quantity. 
There  is  the  usual  string  of  outhouses  overhanging  the  river. 

Fidd  assays  ofvxsUrfrom  Sal^my  Wallace,  and  Shinnston^  W.  Va. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCoi) 

Alkalinity 

Sulphates  (80i) 

Chlorides  (a) 


Salem. 


100-foot 
Spring.        well. 


0 

45 

1 

156 


56 

19  I 
0  I 
19  I 


249 
47 


Wallace. 


42-foot      108-foot 
well.  well. 


0 
10 
Trace. 
53 
TJ 
180 
0 


0 

166 

1.25 

0 

25 

103 

0 

29 


Shinnston. 


0 
45 
1.5 
100 
139+ 
73 
47 
5G 


MONONGAHELA  RIVER  FROM  TYGART  RIVER  TO   CHEAT  RIVER. 

Fairmoni,  W.  Va. — ^Fairmont  (population  5,000),  about  30  miles  below  Clarksburg, 
pumps  Monongahela  River  water  for  filtration.  This  was  formerly  effected  by  two  mechan- 
ical filters  of  the  Buffalo  type,  but  during  the  summer  of  1905  two  slow  sand  filters  75 
feet  square  were  installed  and  are  now  used.  With  proper  operation  of  these  filters  the 
city  ought  to  have  an  excellent  water  supply,  the  mine  drainage  up  to  this  point  not  being 
BufiScient  to  make  the  water  objectionable  and  the  other  mineral  impurities  being  slight. 
Analyses  of  the  raw  and  the  filtered  waters,  given  below,  agree  very  closely. 

Fidd  assays  of  Morumgahda  River  water  at  Fairmont,  W.  Va. 
[  Parts  per  million.] 


Determination. 

Raw     1  Filtered 
water.    |    water. 

1 

Determination. 

Raw 
water. 

Filtered 
water. 

Turbidity 

1 
0          '       0 

Total  hardness  (as  CaCos)  .. . 

35 

35 

Color 

83               83 

Ailcallnity 

1 
14                   14 

Iron  (Fe) 

a.8             ^.8 
(6)          Trace. 

1 

Sulphates  (SOi) 

fl5 
9 

a5 

Calcium  (Ca) 

Chlorides  (CI) 

9 

a  Estimated. 


b  Slight  trace. 


The  three  analyses  following,  furnished  by  the  Baltimore  and  Ohio  Railroad  Company, 
show  that  the  variation  in  quality  at  different  seasons  of  the  year  is  great  enough  to  cause 
considerable  difficulty  in  handling  the  water,  either  in  filtration  for  drinking  or  in  treatment 
for  industrial  purposes. 
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Analyses  ofvxjUerfrom  Manongakda  River  at  Fairmont ,  W.  Va. 
[  Parts  per  million.] 


Determination. 


Color 

Turbidity 

Calcium  (Ca) 

Magneaium  (Mg) 

Carbonic  acid  (CDs) 

Sulphuric  acid  (SCO 

Iron  and  alumina  (AlsOa  and  FesOs) 

Alkali  ^oridefl 

Alkali  sulphates 

Total  solids 


Feb.  26,  '  June  9,    t  Sept.  35, 
1900.      I      1903.  1903. 


8.9  I 

! 

1.8  I 
11.6  I 

9.9  ' 
10.3 

3.2 
0 


(») 
Decided. 
7.2 
2.6 
12.8 
7 
32 
9 
0 


SUgfct. 

Slight, 
25 
5 
9 

5 
23.3 
13 


45.7  70.6 


14&1 


a  Yellowish,  clay. 


6  Yellow,  muddy. 


c  Considerable. 


The  variation  in  total  solids  is  seen  to  be  as  high  as  100  per  cent  between  June  and  Sep- 
tember, though  the  June  sample  was  taken  after  a  heavy  rain. 

Buffalo  Creek,  which  enters  the  Monongahela  at  Fairmont,  drains  an  extensive  coun- 
try having  a  population  of  several  thousand.  The  most  important  town  is  Mannington 
(population  2,500),  which  has  a  very  complete  waterworks  system.  The  supply  is  derived 
from  11  wells,  100  feet  in  depth,  driven  close  together  near  the  creek  about  half  a  mile  from 
town.  As  it  was  feared  that  summer  demands  would  make  it  necessar}'  to  dra^  upon  the 
polluted  waters  of  the  creek,  a  mechanical  filter  was  installed  for  treating  the  creek  ^aten 
It  is  claimed  that  up  to  date  it  has  not  been  necessary  to  use  the  filter.  The  creek  carries 
the  town  sewage  as  well  as  that  of  Farmington  and  other  small  communities,  receiving  also 
drainage  from  numerous  coal  camps  along  its  course.  A  field  assay  of  the  water  is  given  on 
page  39. 

It  should  now  be  sufficiently  evident  that  from  this  point  on  down  stream  the  Mooonga- 
hela  River  water  is  dangerous  for  drinking  purposes  unless  it  can  be  shown  that  it  has  com- 
pletely purified  itself  by  sedimentation  in  the  lower  reaches  of  the  river.  The  influence  of 
the  Weston  and  Clarksburg  sewage  in  a  stream  so  small  and  so  subject  to  failure  as  West 
Fork  River  certainly  extends  as  far  as  Fairmont.  Besides  this  the  pollution  from  Grafton 
must  necessarily  add  much  fresh  contamination  to  the  stream  above  Fairmont.  That  city 
is  considering  the  removal  of  its  waterworks  intake  so  as  to  draw  from  Tygart  Rivei,  which 
would  certainly  be  better  than  the  present  source,  for  the  West  Fork  contamination  would 
thus  be  completely  eliminated. 

Morganiorvn,  W.  Va. — Moi^gantown  (population  1,800),  about  20  miles  farther  down  the 
stream,  has  one  of  the  most  complete  waterworks  systems  in  West  Virginia.  The  water  is 
pumped  from  Monongahela  River  into  a  srttling  basin,  whence  it  passes  to  four  raechanicaJ 
filters.  There  is  no  clear-water  reservoir,  tho  filtered  water  going  directly  into  the  mains 
to  the  average  amount  of  1,200,000  gallons  a  day.  The  water  seems  to  be  satisfactorr- 
Tlie  old  gravity  supply,  from  a  mountain  stream  about  6  miles  from  the  town,  has  been 
allowed  to  fall  into  bad  repair  with  the  perfection  of  the  filtration  plant  on  the  river. 
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Field  oMays  of  water  fnmt  Mannington  and  Monjanlowny  W.  Va, 
[  Parts  per  million.] 


Determination. 


Mannington. 


City        Buffalo 
supply.      Creek. 


M  organ- 
town, 
city  sup- 
ply. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (asCaCOs) 

Alkalinity 

Sulphates  (S0») 

Chlorides  (CI) 


0 
17 

.1 
52 
63 
163 
020 
24 


386 


(•) 


0 
96 

1 

Trace. 

35 

20 

0 
14 


a  Too  high  to  read. 


b  Estimated. 


For  industrial  purposes  requiring  a  water  free  from  any  acid  content  this  water  might  not 
prove  satisfactory  at  certain  seasons  on  account  of  the  mine  drainage  emptying  into  the 
stream.    Otherwise  it  is  of  good  quality,  very  suitable  for  a  public  supply. 

CHEAT  RIVER. 

At  Point  Marion,  Pa.,  Monongahela  River  leceives  its  great  tributary,  the  Cheat.  This 
fine  stream  flows  for  much  of  its  length  through  a  deep  canyon  in  rough  country,  having 
almost  no  population  on  the  watershed.  There  are  but  three  important  villages  on  the 
stream,  none  of  them  having  over  800  people.  The  pollution  from  these  is  very  slight, 
none  of  the  towns  being  sewered,  so  that  the  most  serious  contamination  is  from  the  saw- 
mills and  tanneries  on  the  river.    A  piofile  of  Cheat  River  is  shown  on  PI.  Ill,  page  30. 

Shavers  Fork  and  Dry  Fork,  which  unite  to  form  Cheat  River,  at  Parsons,  carry  waters  of 
good  quality  which  differ  only  in  the  trace  of  sulphate  in  that  of  the  former.  (Assays  on 
p.  40.)  The  higher  color  of  Dry  Fork  is  due  to  tannery  pollution,  which  persists  in  the 
main  stream  a  mile  or  two  lower  down,  as  is  shown  in  its  equally  high  color.  Both  the  color 
and  the  sulphur- trioxide  content  diminish  markedly  in  the  course  of  the  flow  to  Rowles- 
burg,  about  20  miles  down  the  river,  and  in  this  stretch  there  is  also  a  slight  temporary 
diminution  of  the  alkalinity.     (See  assay  on  p.  40.) 

Parsons f  W.  Va. — At  Parsons  (population  600),  at  the  junction  of  Shavers  Fork  and  Dry 
Fork,  there  are  two  tanneries,  the  effluents  from  which  stain  the  water  perceptibly.  Saw- 
mills are  located  at  various  points  along  the  stream,  but,  as  the  merchantable  timber  will 
soon  be  gone,  pollution  from  these  may  be  regarded  as  only  temporary.  In  its  present  state 
the  water  of  the  river  is  exceptionally  fine,  not  greatly  contaminated  bj  sewage,  and  the 
flow  is  sufficient  to  suppk  a  million  people.  A  field  assay  is  given  on  page  40.  The  draw- 
back to  its  use,  however,  lies  in  the  extremely  steep  grade  of  the  stream,  which  is  shown  on 
the  profile  sheet.  The  very  rapid  fall  evidently  makes  self-purification  almost  impossible, 
and  it  is  by  no  means  improbable  that  typhoid  fever  contamination  far  up  on  the  head- 
waters of  the  stream  may  be  delivered  in  virulent  form  at  points  as  far  down  as  its  mouth, 
or  even  in  Monongahela  River  itself. 

Tunndioriy  W.  Va. — The  divide  between  the  Cheat  and  the  Youghiogheny  is  very  narrow 
at  the  highest  point,  which  is  Tunnelton,  W.  Va.,  a  village  of  about  500  inhabitants.  There 
is  practically  no  permanent  water  supply  here;  the  supplies  are  derived  from  individual 
wells  not  over  50  feet  in  depth,  nearly  all  of  which  dry  up  in  spells  of  drought.  Much  money 
has  been  expended  by  the  coal  company  in  boring  for  water,  without  success;  and  it  may 
yet  be  necessary  to  pump  from  the  river,  costly  as  such  an  expedient  may  be. 

The  well  assayed  (p.  41)  furnishes  water  longer  than  the  majority  in  dry  times.  The 
water  is  of  very  poor  quality  for  any  purpose  except  drinking.    The  very  low  alkalinity 
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would  indicate  that  the  calcium  present  occurs  as  calcium  sulphate  and  chloride,  with  simi- 
lar salts  of  magnesium,  and  probably  very  little  alkaline  salt. 

Point  Marixm,  Pa. — Point  Marion  (population  about  600)  had  diverted  a  small  portion 
of  the  flow  of  Cheat  River  into  an  earth  reservoir  some  miles  above,  holding  about  I^OOOjOOO 
gallons.  At  Point  Marion  the  mineral  content  of  the  water  is  practically  the  same  as  at 
Parsons,  60  miles  upstream.  The  water  is  of  excellent  quality  for  all  industrial  purposes. 
The  daily  consumption  is  about  60,000  gallons,  of  which  half  is  used  by  the  Baltimore  and 
Ohio  Railroad  Ck)mpany.  Figures  as  to  typhoid  fever  are  available  for  only  two  years,  but 
their  evidence  is  strong  as  to  the  unhealthfulness  of  the  raw  water. 

Typhoid  mortcdUy  at  Point  Marion,  Pa. 


Year. 

Popula- 
tion. 

Total 
deaths. 

Typhoid   Typhoid 
cases.       death*. 

t 

1899 

550 
575 

2 

10 

1 
5|                 1 

1900      

1 
15  1                  3 

1 

The  significance  of  these  figures  will  bo  understood  from  the  fact  that  in  Allegheny  City 
there  were,  in  1899,  895  cases  of  typhoid  fever  reported,  the  population  by  the  census  of 
1900  being  129,000;  in  other  words,  0.7  per  cent  of  the  population  contracted  the  disease 
in  one  of  the  worst  typhoid  plague  spots  in  the  world,  while  here  in  Point  Marion  in  1899 
0.8  per  cent  of  the  whole  population  and  in  1900  2.6  per  cent  were  ill  with  typhoid  fever. 
The  evidence  is  strong  that  the  infection  was  general.  Such  conditions  are  usually  charge- 
able to  the  quality  of  the  water  and  seem  to  settle  the  class  in  which  raw  Cheat  River  water 
belongs,  as  the  public  supply  is  widely  used.  Incidentally,  the  figures  are  important  in 
further  suggesting  that  rivers  with  such  a  high  rate  of  flow  as  the  Cheat,  and  with  such  a 
quick-spilling  watershed,  do  not  purify  themselves  appreciably  in  their  courses — in  this  < 
about  60  miles. 

FiM  assays  of  water  from  Cheat  River  hasin. 
[Parts  per  million.] 


Determination. 


Dry 
Fork  at 
Parsons. 


Shaver 
Fork  at 
Parsons. 


Cheat 
River  at 
Parsons. 


Cheat 
River  at 
Rowles- 

burg. 


Cheat 
River  at 

Point 
Marion. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (CI) 


0 
106 
O0.5 
Trace. 
35 
25 

0 

9 


0 
106 
0.8 


0 
60 
1.5 


0 

78 

1 


35 

17 

a20 

9 


32 

19 

a20 

9 


35  35 

14      j  22 

14      !  9 


a  Estimated.  b  Very  slight  trace. 

MONONGAHELA   RIVER   FROM   CHEAT  RIVER  TO  YOUGHIOGHENY   RIVER. 

Where  Cheat  River  enters  the  Monongahela,  at  Point  Marion,  the  difl'erenoe  in  the  clear- 
ness of  the  waters  of  the  two  streams  is  strongly  marked,  a  sharply  defined  line  appearing 
right  across  the  mouth  of  the  stream  where  the  clear  water  of  the  Clieat  meets  the  muddy 
yellow  water  of  the  main  stream.  From  this  point  on  to  Greensboro,  Pa.,  a  distance  of 
perhaps  12  miles,  the  steep  slopes  of  the  tributary  streams  quickly  disappear,  until  the 
Monongahela  River  becomes  practically  a  series  of  slack-water  basins,  extending  from 
Greensboro  to  Pittsburg. 
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Wayneshtrg,  Pa. — ^Wajmesburg,  with  a  population  of  about  2,500,  is  at  such  a  distance 
from  Monongahela  River,  about  22  miles,  as  to  make  its  drainage  of  slight  importance  in 
the  discussion  of  that  stream. 

It  has  a  mechanically  filtered  supply  from  Tenmile  Creek,  pumped  to  a  distributing  res- 
ervoir, and  the  company  is  now  improving  the  plant,  placing  fresh  sand  and  gravel.  The 
water  is  very  hard  for  a  surface  supply,  and  la  unsuitable  for  laundry  or  industrial  uses. 
(See  assay  below.)  Although  few  figures  concerning  typhoid  fever  are  available,  those 
given  below  show  that  in  the  main  the  filters  have  been  a  protection  in  the  past: 


Typhoid  mortality  at  Wayneshurgf  Pa. 

YpAr                                                                     1     Total 

^^^'                                                   1  deaths. 

Typhoid 
casee. 

Typhoid 
deaths. 

1894 

7 
27 

1 
4 
8 

1 

18dS .' 

4 

1896 

1897 

1898 

37 

1 

The  figures  for  1895  show  a  general  infection,  possibly  traceable  to  the  water  supply. 

Fairchance,  Pa. — ^The  borough  of  Fairchance  (population  1,200),  situated  between  Monon  . 
gahe^a  and  Youghiogheny  rivers,  drains  into  a  smi^ll  creek  emptying  into  the  Monongahela. 
There  is  no  public  supply,  water  being  drawn  from  individual  wells  of  the  kind  noted  below. 
The  town's  contribution  to  the  drainage  is  not  innocuous.  Records  of  typhoid-fever  mor- 
tality are  available  for  this  place  only  for  1896  and  1897,  but  they  show  a  grave  situation 
in  those  years. 

Typfund  mortality  at  Fairchance,  Pa. 


Year. 


1896. 
1897. 


Total 
deaths. 


Typhoid   Typhoid 
deaths. 


The  figures  for  1896  point  to  either  a  general  infection  from  one  source  or  a  general  use 
of  water  from  contaminated  wells.  The  drainage  from  a  town  with  such  a  record  of  typhoid 
deaths  certainly  can  not  improve  the  quality  of  any  water. 

Field  aamys  ofvxiter  iry  Monongahela  basin. 
[Parts  per  znlUion.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOt) 

Akalinity ^.... 

Sulphates  (SO*) 

Chlorides  (CI) 


'^tSn'^"    Waynes- 
W  v'a    ^"'K/Pa- 


Fairchance,  Pa. 


39-foot 

well 
(Rlchey), 


77-foot 

well 

(J.  W. 

Byers). 


a  Estimated. 
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Both  the  Fairchance  waters  are  hard  rock  waters,  unfit  for  laundry  use.  The  (sarbooat^ 
of  the  77-foot  well  are  probably  those  of  magnesium  or  the  alkalies.  If  properlj  cased 
either  one  would  make  a  good  drinking  water,  in  spite  of  the  red  deposit  formed  bj  the 
oxidation  of  the  iron  a  few  hours  after  the  water  is  drawn. 

UnionUntm,  Pa. — ^The  city  of  Union  town,  Pa.  (population  10,000),  has  a  gravity  supphr 
from  large  mountain  springs.  The  water  is  of  excellent  quality  and  suitable  for  snj  pur- 
pose (see  assay  on  p.  44),  but  the  supply  proves  entirely  inadequate  as  soon  as  the  summer 
drought  sets  in.  In  1904  the  necessities  of  the  town  were  so  urgent  that  arraDgements  had 
to  be  made  at  considerable  cost  with  the  water  system  of  the  H.  C.  Frick  Coal  and  Coke 
Company,  which  has  lai^e  coking  plants  here,  by  which  the  water  consumers  could  tidf 
over  the  summer. 

An  adequate  supply  for  Uniontown  must  necessarily  come  from  either  Qieat  River  or 
Youghiogheny  River,  the  use  of  ground  water  being  out  of  the  question.  Assays  of  water 
from  wells  sunk  to  various  depths  at  Fairchance  and  Dunbar  show  that  ground  water  in  this 
section  is  undesirable  for  public  supply  where  surface  waters  can  be  had.  Pumping  frora 
either  river  would  involve  considerable  expense  for  pipe  line  and  machinery.  Oieat  River 
would  always  furnish  an  adequate  supply,  as  shown  by  the  following  table  of  flow:  a 

Estimated  monthly  discharge  of  Cheat  River  near  Uneva,  W.  Fa. 
[Drainage  area,  1,375  square  miles.] 


Discharge  In  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

1899. 
July 

1,370 

924 

952 

336 

1,732 

2,387 

1,888 
614 
254 
340 
903 

2,682 

1 
1.00              i.a" 

August 

2,232 
3,210 
465 
3,070 
6,442 

4,610 

•  1,956 

730 

730 

JS070 

7,270 

357 
404 
273 
538 
1,000 

730 
273 
190 
190 
273 
1.136 

.67                     .77 

Sejxtember 

.69  '                  .- 

October 

.24  .                  .JS' 

November 

1.26  1                1.41 

December 

1.74  '                2.01 

1900. 
July 

1 

1.37'                1.5^ 

August 

.45  1                  .."32 

September 

.18  1                 .2L» 

October 

.25  '                  .29 

November 

.66  1                  .."9 

December 

1.95  '               2.tO 

Assuming  that  the  number  of  people  to  be  provided  for  is  50,000  and  that  the  average  con- 
sumption is  100  gallons  a  day,  the  amount  needed  would  be  5,000,000  gallons  a  day.  TTie 
foregoing  table  shows  that  the  lowest  actual  flow  recorded  is  190  cubic  feet  per  second  in 
September,  1900.  This  would  amount  to  122,735,574  gallons  a  day,  an  amount  sufficient 
to  supply  Uniontown  many  times  over. 

It  would  be  well  if  Cheat  River  could  be  diverted  for  this  purpose  at  such  an  elevation 
as  to  give  a  gravity  supply,  but  such  diversion  is  impracticable  at  a  reasonable  cost,  as  it 
would  be  necessary  to  take  water  out  no  nearer  to  Uniontown  than  Kingwood,  a  distance  of 
about  40  miles,  and  as  the  river  runs  through  a  deep  ravine  it  would  be  necessary  t-o  carry 
the  pipe  line  downstream  nearly  to  the  Monongahela,  doubling  its  cost.  Another  scheme 
involves  pumping  the  water  up  several  hundred  feet  before  starting  it  across  country  in  a 
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shorter  pipe  line.  The  former  plan  seems  out  of  the  question,  owing  to  the  great  distance 
to  be  traversed  and  the  consequent  great  expense;  but  if  pumping  is  to  be  resorted  to,  it  is 
not  necessary  to  make  the  diversion  at  a  point  so  far  up  the  river.  The  topographic  sheets 
issued  by  the  U.  S.  Geological  Survey  show  that  the  shorter  line  would  begin  near  Cheat- 
haven,  where  the  elevation  at  the  bank  of  the  river  is  about  800  feet  above  sea  level.  The 
hill  inunediately  southeast  of  Cheathaven  rises  to  an  elevation  ^f  about  1,130  feet,  so  that 
a  reservoir  on  this  hill  could  be  filled  by  pumping  about  330  feet.  From  Cheathaven  the 
line  would  go  15  miles  northeastward  across  the  country,  approximately  parallel  to  the  line 
of  the  Baltimore  and  Ohio  Railroad.  It  can  be  kept  below  the  1,100-foot  contour  without 
tunneling  except  at  two  points — the  first  at  Outcrop,  where  the  line  cuts  through  the  ridge 
for  1,500  feet;  the  second  about  4  miles  from  Uniontown,  where  a  tunnel  three-quarters  of 
a  mile  long  would  have  to  be  built  through  the  rise  at  that  point.  The  rest  of  the  line  seems  * 
to  present  no  notable  difficulties,  the  greater  part  of  the  town  lying  under  the  1,000-foot 
contour. 

If  Cheat  River  were  uncontaminated,  the  above  would  perhaps  be  the  ideal  plan,  but  in 
view  of  the  figures  as  to  typhoid  fever  at  Point  Marion,  it  is  evident  that  this  water  would 
either  have  to  be  filtered  or  sedimented  with  great  care.  Sedimentation  might  not  be 
€x>mplete]y  efficacious,  as  is  shown  below,  and  if  filtration  is  to  be  resorted  to  in  addition  to 
the  pipe  line  the  cost  is  prohibitive.  The  alternative  seems  to  be  to  arrange  for  the  use  of 
filtered  Youghiogheny  water  from  Connellsville.  It  seems  improbable  that  Indian  Creek 
water  from  the  new  pipe  line  under  construction  by  the  American  Pipe  Manufacturing  Com- 
pany for  private  interests  will  be  available  for  Uniontown.  The  work  consists  of  a  rubble 
masonry  and  concrete  dam  on  Indian  Creek  about  4  miles  upstream  from  the  railroad  sta- 
tion of  that  name.  The  dam  is  located  just  below  the  mouth  of  Mill  Run,  where  the  drain- 
age area  of  the  two  streams  is  about  109  square  miles.  The  structure  impounds  about 
250,000,000  gallons.  The  36-inch  supply  pipe  runs  down  to  the  Baltimore  and  Ohio  Rail- 
road and  follows  it  to  Connellsville,  where  there  is  a  10,000,000-gallon  distributing  reservoir. 
From  that  point  a  30-inch  pipe  goes  to  Everson  and  thence  to  Radebaugh  Junction  via 
County  Home  Junction.  Thence  it  extends  toward  Pittsburg,  its  terminus  not  yet  being 
decided  on.  There  is  a  distributing  reservoir  at  Hawkeyc  (capacity,  13,000,000  gallons), 
one  at  Youngwood  (capacity,  1,000,000  gallons),  and  one  at  Radebaugh  Junction  (capacity, 
8,500,000  gallons). 

The  water  of  Indian  Creek,  as  will  be  seen  later,  is  excellent.  Extension  of  this  line  from 
Connellsville  to  Uniontown,  if  practicable,  would  solve  the  question  of  that  city's  water  supn 
ply  most  satisfactorily,  as  the  Indian  Creek  drainage  basin  could  be  patrolled  at  very  little 
expense,  there  being  little  pollution  on  the  banks  of  the  stream. 

Greensboro  to  ManongahdafPa. — Between  Greensboro  and  Monongahela  a  large  and  dense 
population  takes  its  water  unpurified  from  Monongahela  River.  Brownsville,  which  pumps 
the  river  water  raw,  is  only  15  miles  above  Charleroi.  Between  these  towns  the  river  receives 
the  sewage  of  Brownsville,  with  about  1,800  population;  Bridgeport,  with  2,000;  West 
Brownsville,  with  about  1,000;  California,  2,500;  Coal  Center,  1,000;  Stockdale,  1,000; 
Fayette  City,  2,000,  and  Bellevemon,  2,000,  besides  that  of  a  number  of  smaller  communi- 
ties, aggregating  not  far  from  15,000  people.  Charleroi  is  drinking  this  dilute  sewage  raw. 
Its  own  population  is  about  7,000.  Monessen,  below  it,  has  a  population  of  about  2,500, 
and  a  dozen  smaller  places  are  scattered  along  the  stream,  so  that  at  Monongahela  the  water 
contains  the  sewage  from  about  26,000  persons. 

Typhoid  fever  mortality  statistics  for  Charleroi  are  too  meager  to  be  of  use.  The  few 
available  for  Monessen  show  a  state  of  afTairs  such  as  might  be  expected.  Every  case  visited 
by  the  medical  inspector  of  Washington  County  in  Monessen  was  traceable  to  the  use  of 
river  water. 
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Typhoid  mortality  at  Monessen,  Pa. 


Year. 


Total    I  Typhoid    Typbo;d 
deaths,  i    cases.     '    deaths. 


1900 1  30 

1901 -. I  60 

1902 75 


,' 

sol 

n 

" 

4 

(1 

Even  if  a  number  of  these  cases  were  foreign,  conditions  Jiere  are  very  bad.  So  high  a 
percentage  of  mortality  from  typhoid  fever  means  that  the  town  has  a  highly  contaminated 
water  supply. 

The  conditions  in  all  of  these  towns  are  bad;  each  one  pumps  its  water  supply  from  tli»' 
stream  raw  and  pours  its  sewage  back  into  the  stream  for  the  next  town  below  to  pump  into 
its  mains.  The  sole  protection  of  the  consumers  is  the  natural  purification  taking  place  in 
the  river. 

Monongahela,  Fa. — At  Monongahela,  10  miles  below  Charleroi,  the  supply  is  pumped 
from  a  filter  well  on  the  shore  of  the  river,  about  100  feet  below  low-water  mark.  The  inef- 
ficiency of  such  a  form  of  purification  is  shown  on  p.  55,  and  the  water  from  the  filter  well 
here  is  so  turbid  as  to  show  that  it  is  coming  from  the  river  practically  without  change. 

Field  assays  of  water  of  Monongahela  River  at  BrownsmUe  and  Monongahela  and  of  public 

water  at  Uniontoum,  Pa. 

[Parts  per  million.] 


Monongahela 
River. 


Determination 


Browns- 1  Monon- 
I     ville.     I  gahela. 


I 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs) . 

AHcalinity 

Sulphates  (SOi) 

Chlorides  (CI 


a  10 
180 

.5 
46 
46.6 
27.6 
31 
9 


oao 

250 

1 
44 
49 

24.9 
38 

6.5 


Public 
supply. 
Union- 
town. 


0 

a 

2S 
14 

(/ 
9 


a  Estimated. 

The  sulphates  shown  in  the  Monongahela  River  assays  are  due  to  drainage  from  mines  and 
wells  along  the  stream,  which  contribute  a  little  ferrous  sulphate  and  at  times  a  small  quan- 
tity of  free  sulphuric  acid.  The  extremely  high  color  is  also  due  in  part  to  this  cause,  but 
chiefly  results  from  the  large  amount  of  sewage  in  the  stream,  which  makes  it  practically  a 
septic  tank.  So  far  as  mineral  contents  go,  this  is  a  very  fair  water  for  boiler  purposes,  the 
difficulty  being  with  the  varying  amount  of  corrosive  acid  and  sulphate  appearing  in  the 
water  at  different  times. 

YOUaUlOOnENY   RIVER   BASIN. 

The  Youghiogheny  does  not  carry  so  much  water  as  the  Cheat,  but  it  is,  nevertheless,  a 
stream  of  great  importance,  because  of  the  large  population  in  its  drainage  area.  Its  source 
is  in  the  mountains  of  Maryland,  whence  it  flows  northward  as  far  as  Confluence,  where  its 
principal  tributary,  Casselman  River,  enters.  Up  to  this  point  the  drainage  area  comprises 
only  chiefly  rural  communities  and  the  two  small  Maryland  towns  of  Terra  Alta  and  Oak- 
land, the  former  with  a  population  of  about  800,  the  latter  with  about  1,000.  A  profile  of 
the  river  is  shown  on  PI.  Ill,  page  30. 
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YOVOBIOOHENY  RIVER   ABOVE   CAS8ELMAN  RIVER. 

Oakland f  Md. — Oakland  is  built  along  Little  Youghiogheny  River,  and  drains  directly  into 
it.  There  is  no  public  supply,  most  of  the  stores  and  some  dwellings  getting  water  from 
the  large  OlTut  wells,  pumped  by  the  principal  merchants  in  the  town.  The  water  is  too 
high  in  mineral  content  for  industrial  uses,  for  which  the  Youghiogheny  water  is  much  better. 

Fidd  assay  of  water  from  OaJdandy  Md. 
[Parts  per  mllUon.] 


Determination. 


236-foot 
well  (B. 
and  O). 


Youghi- 
ogheny 
River 
2  miles 
from 
town. 


Turbidity. 
Color 


Iron  (Fe) , 

Calcium  (Ca) , 

Total  hardness  (as  CaCOa) . 

Alkalinity 

Sulphates  (SOi) 

Clilorides  (CI) 


0 
31 

0 
91 
97 
a  15 
39 


(*) 


0 
81 

1 
0 
28 

0 
9 


a  Estimated. 


^Water  very  faintly  acid. 


The  0(Tut  water,  or  quasi-public  supply,  is  a  typical  hard  well  water  from  the  rock.  Its 
use  for  any  purpose  but  drinking  would  lead  to  trouble,  unless  treatment  were  resorted  to. 
The  235-foot  well  at  the  Oakland  Hotel  apparently  contains  considerable  magnesium  car- 
bonate, the  total  hardness  being  high,  with  calcium  too  small  to  be  determined  by  field  meth- 
ods.   The  identical  chlorine  content  is  interesting. 

The  Youghiogheny  water  is  very  pure  and  soft,  but  even  up  here  near  the  source  of  the 
stream  the  acid  of  the  mine  wastes  is  determinable. 

Terra  Alta^  Md. — ^Terra  Alta  has  a  supply  of  a  similar  nature,  derived  from  a  deep  well  at 
the  planing  mill.  The  water  seems  too  high  in  incrusting  solids  to  be  best  for  boiler  use.  A 
very  good  city  supply  could  be  drawn  from  Terra  Alta  Lake,  about  2  miles  from  the  town,  a 
body  of  water  covering  several  acres,  whose  shores  could  be  patrolled  very  easily.  This  lake, 
as  well  as  Snowy  Creek,  drains  into  the  Youghiogheny,  which  carries  more  or  less  drainage 
from  adjacent  farms.    Analysis  of  the  waters  of  the  lake  and  creek  are  given  below. 

Field  assays  ofvxUerfrom  Terra  AUa,  Md. 
[Parts  per  million.] 


Determinations. 


Public 

supply 

100-foot 

well. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


0 

20 

2 

116 

90 

44 

alO 

14 


Terra 
Alta 
Lake. 


0 
122 

1 

0 
21 
17 

0 
14 


Snowy 
Creelc. 


0 
40 
1 
0 
21 
19 
0 
9 


a  Estimated. 
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The  public  supply  is  at  present  piped  to  but  twelve  places,  but  the  quantity  of  water  is 
sufficient  for  many  more.  The  two  surface  waters  would  undoubtedly  be  better,  however, 
on  account  of  their  softness,  if  suitable  measures  could  be  enforced  to  keep  pollutioD  out  of 
them.  The  high  color  of  the  lake  water  is  probably  due  to  vegetable  matter  in  solution,  tbe 
drainage  area  being  well  covered,  The  creek  is  a  very  small  stream,  flowing  little  water  in 
the  summer,  so  that  storage  would  be  necessary  if  it  were  used  for  public  supply. 

Addiscm  and  Somerfiddy  Pa.— From  Terra  Alta  to  Confluence,  a  distance  of  nearly  -iO 
miles,  the  population  is  very  scanty,  the  chief  pollution  of  the  stream  being  from  mine 
waters.  Several  small  villages  drain  into  the  main  stream,  the  most  important  being  Addi- 
son and  Somerfield.  At  neither  place  is  there  a  public  supply,  water  being  obt-ained  from 
individual  wells.  Addison  is  about  4  miles  from  the  river  and  has  a  population  of  about  300, 
that  of  Somerfield  being  the  same. 

Field  assays  ofvxUerfrom  Addison  and  Somerfidd,  Pa. 
[Parts  per  million.] 


Determination. 


Turbidity. 
Color 


Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) . 

Alkalinity 

Sulphates  (S0«) , 

Chlorides  (Ci) 


20-foot 

well. 

Addison. 

52-foot 
well. 

Somer- 
field. 

Y'oughi- 

atSomer- 
1     field. 

0 

0 

0 

17 

74 

^ 

0 

2.6 

(•) 

130 

88 

0 

139+ 

139+ 

35 

45 

95 

15 

25 

15 

0 

70 

9 

9 

a  Slight  trace. 

Both  these  wells  furnish  typical  hard  rock  water,  unsuitable  for  laundry  or  boiler  uses,  in 
quantity  too  small  to  be  of  importance  except  for  private  supplies.  The  sample  of  river  wa- 
ter analyzed  was  taken  below  the  National  Pike  bridge,  about  100  yards  below  the  mouth  of  a 
small  creek.  The  acidity  found  at  Oakland  is  not  present  at  this  point,  the  mineral  contents 
of  the  stream  being  precisely  similar  to  those  of  the  West  Virginia  mountain  stream  waters 
and  of  the  spring  waters  considered  below.  The  alkalinity  is  important  in  connection  with 
the  later  discussion  of  the  germicidal  influence  of  acid  drainage,  as  it  shows  that  the  influ- 
ence of  the  acid  does  not  extend  far. 


CASSELMAN    RIVER. 

Casselman  River,  a  typical  mountain  stream  with  an  exceedingly  swift  current,  drains  a 
great  deal  of  coal  country,  so  that  its  waters  are  nearly  always  stained  a  bright  yellow  with 
mine  drainage.  The  drainage  area  is  not  densely  populated,  but  along  the  course  of  the 
stream  there  are  many  little  villages  and  coal-mining  camps,  so  that  in  the  aggregate  the 
drainage  is  a  serious  factor.  The  water  supplies  of  the  small  communities  at  the  headwaters 
are  all  derived  from  springs,  though  many  people  use  individual  wells. 


HOKONGAHELA   SIVEB   BASIN. 
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Field  assays  of  waters  in  upper  Casselman  River  basin. 
[  Parts  per  millloo.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardneas  (aa  CaCO,) . 

AlkaUnity 

Sulphates  (SO,) 

Chlorides  (CI) 


Elk  Lick 
well. 


Elk  Lick 
Spring. 


0 
45 
(«) 
92 
132 
68 
0 
19 


Boynton 
Spring. 


0 

22 

Trace. 

0 
35 
12 

0 
14 


Flaugherty 
Creek  at 
Keystone 
Junction. 


(•) 


0 
35 
16 
0 
9 


a  Slight  trace. 


Flaugherty  Creek  at  KeysUme  Junctionj  Pa. — Flaugherty  Creek,  which  enters  Casselman 
River  at  Keystone  Junction,  above  Meyersdale,  presents  a  typical  normal  water  o(  this 
section,  soft  and  pure.  It  is  a  very  rapid  little  stream,  draining  an  area  having  but  little 
population.  Nearly  all  the  inhabitants,  however,  chiefly  coal  miners,  are  collected  along 
the  creek,  and  all  their  wastes  go  into  the  stream  sooner  or  later.  This  section  is  rich  m 
springs  of  the  type  shown,  and  a  group  of  these  may  yield  enough  water  to  supply  2,000  or 
3,000  people,  as  at  Meyersdale. 

Meyersdale^  Pa.— This  town,  with  a  population  of  about  3,000,  has  a  gravity  supply  from 
a  spring-fed  reservoir  in  the  hills  about  5  miles  distant-  The  water  is  piped  to  near-by 
hamlets,  supplying  in  all  about  4,000  people,  and  until  recently,  in  seasons  of  drought, 
proved  sufficient  in  quantity.  It  is  probably  as  free  from  contained  solids  as  any  natural 
water. 

Field  assays  of  waters  from  Meyersdale,  Pa. 
[  Parts  per  million.] 


Determination. 


Public 

suprly  at 

Meyersdale. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOg) 

Alkaltaity 

Sulphates  (SO,) 

Chlorides  (CI) 


Casselman 

River  3 

miles 

south  of 

Meyersdale. 


0 

a2 

5 

122 

0 

a5 

0 

0 

14 

91 

6 

7 

0 

a20 

9 

19 

a  Estimated. 

It  is  evident  from  several  points  in  the  assay  that  Casselman  River  receives  much  mine 
drainage  up  to  this  point.  The  lack  of  calcium  would  indicate  the  presence  of  magnesium, 
the  alkalinity  being  so  low  as  to  make  the  presence  of  any  great  quantity  of  alkaline  car- 
bonates improbable.  The  low  alkalinity  and  the  trace  of  sulphates  point  to  the  partial 
neutralization  of  the  alkalinity  of  the  unpolluted  water  by  ferrous  sulphate  and  free  suf- 
phuric  acid  from  the  mines.  The  small  iron  content  indicates  that  the  sulphate  pollution 
results  principally  from  free  acid. 
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Meyeradale  to  Confluence,  Pa. — Between  Myersdale  and  Confluence  are  several  small  Til- 
lages, none  having  public  supplies  but  Berlin  and  Garrett.  The  analyses  subjoined  sfaov 
that  the  quality  of  normal  waters  here  is  excellent.    They  are  characteristic  of  this  sectioc. 

Field  assays  ofvxUers  collected  between  Meyersdale  and  Confluence,  Pa. 
[  Parts  per  million.] 


Determination. 


Laurel 

Creek 

near 

Hays 

Mill. 


Public 
supply, 
Garrett 
(spring.) 


Public 

supply, 

Berlin 

(spring.) 


Spring 

at 

Markle- 

ton. 


Spring 

at 
Ursina. 


18-foot 

well  at 

Casael- 

man. 


20-foot 

well  at 

Beacb- 

dale. 


20.foot'  Co^J 
weUat    '^™ 

^<x>^-     wood. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (asCaCOs) 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (Q) 


0 

45 

Trace. 

0 
35 
20 

0 

9 


Slight. 
122 
0 
0 
42 
17 
0 
9 


0 
22 

0 
28 
15 

0 


0 
22 

0 
70 
132 
80 
20 
14 


0 
22 
0 
107 
139 
28.5 
63 


0 
17 

(*) 


97 
44 

(») 


0 
5 
0 
182 
160 
29 
41 
181 


(«) 


113 
0 
15 
35 
14 

•9 

12 


■  Decided. 


b  Estimated. 


«  Very  slight  trace. 


The  first  five  analyses  show  normal  spring  waters  of  excellent  quality  for  all  industrial 
purposes.  The  high  color  of  the  Garrett  water  is  probably  due  to  a  foul  condition  of  the 
reservoir,  for  the  town  comprises  only  a  few  hundred  people  and  the  supply  is  left  to  take 
care  of  itself  to  some  degree.  The  well  waters  are  too  hard  to  be  of  use  for  anythiog  but 
drinking.  Beachdale  is  a  mere  handful  of  coal-miners'  huts  and  a  few  farm  houses,  and 
Rockwood  is  a  village  of  about  400,  with  no  public  supply.  The  Baltimore  and  Ohio  Rail- 
road Company  pumps  Cassolman  River  water  to  its  tank  at  Rockwood  for  boiler  uses,  sup- 
plying it  to  a  hotel  also.  The  assay  of  the  shallow  well  at  this  point  shows  the  nearness  al 
the  rock  to  the  surface,  the  chlorides  in  particular  being  unusually  high.  None  of  th^e 
supplies  are  important  for  anything  but  private  uses,  except  perhaps  Coxes  Creek,  which 
enters  the  Casselman  at  Rockwood.  This  is  a  fine  stream,  flowing  through  a  lumber  coun- 
try, chips  and  sawdust  in  quantity  polluting  the  water.  The  spring  at  Markleton  is  piped 
to  the  sanitarium  at  that  point,  supplying  several  hundred  persons  in  the  summer.  The 
Ursina  spring  fills  a  1-inch  iron  pipe,  gushing  out  under  a  strong  head.  Casselman  is  a  ham- 
let of  a  few  dozen  families,  all  water  supplies  being  either  springs  like  those  noted  or  indi- 
vidual wells. 

Confluence,  Pa.— This  town,  which  stands  at  the  confluence  of  Laurel  Creek,  Casselman 
River,  and  the  Youghiogheny,  formerly  used  Laurel  Creek  as  a  source  of  water  supply.  The 
pollution  from  coal  mines  along  this  creek,  however,  became  so  great  that  a  new  source  of 
supply  was  found  in  Drakes  Run,  an  exceptionally  pure  mountain  water  (see  assay  on  p.  49) 
rising  in  practically  uninhabited  country  and  flowing  through  a  sparsley  populated  farming 
section.  The  town  has  about  1,500  people,  with  a  very  large  tannery  located  on  the  river. 
The  town  sewage  as  well  as  the  tannery  refuse  all  go  directly  into  the  stream. 

The  notable  thing  about  the  river  assay  at  this  point  (see  p.  49)  is  the  nearly  complete 
disappearance  of  the  mine  drainage,  the  only  traces  left  being  the  iron  content  and  the  com- 
paratively low^  alkalinity,  showing  that  the  acid  wastes  are  not  considerable  enough  to  keep 
the  water  acid  more  than  a  short  distance  below  the  points  where  mine  drainage  enters. 


YOUGHIOGHENY  RIVER  BELOW  CASSELMAN  RIVEE. 


There  is  no  town  of  over  a  few  hundred  population  between  Confluence  and  Connellsville. 
The  water  supply  between  these  points  is  derived  entirely  from  individual  wells,  such  as 
those  at  Ohiopyle,  which  are  not  important  except  as  private  supplies  (see  assays  on  p.  49). 
The  water  of  the  50-foot  well  at  Ohiopyle  probably  contains  some  magnesium  carbonate, 
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with  iron  probably  present  as  a  carbonate  also.  The  other  well  shows  a  remarkably  low 
alkalinity,  considering  its  hardness,  perhaps  due  to  the  carbonates  being  almost  entirely  those 
of  the  incrusting  solids.  The  deeper  well  penetrates  the  sandstone,  the  shallower  one  only 
touching  the  top  of  the  rock. 

Iridian  Creek,  Pa. — At  Indian  Creek  station  the  Youghiogheny  receives  its  large  tributary 
of  that  name,  a  very  beautiful  and  relatively  unpolluted  stream  with  a  watershed  comprising 
about  125  square  miles.  This  creek  was  seriously  considered  for  Pittsburg's  water  supply 
by  a  gravity  system,  the  quality  of  the  water  being  excellent.  The  report  of  Mr.  Kuichling 
on  the  plan  showed  an  estimated  first  cost  of  about  $13,000,000  for  storage  reservoir,  pipe 
lines,  etc.,  as  compared  with  $2,000,000  or  $3,000,000  for  a  filtration  plant. 

Fidd  assays  of  waters  from  Confluence,  Ohiopyle,  and  Indian  CreiJe. 
[Parts  per  million.] 


Determination. 


City  sup- 
ply. 
Drakes 
Run. 


Turbidity 

Color 

Iron 

Caldum 

Total  hardness 

Alkalinity 

Sulphates 

Chlorides 


Confluence. 


Cassol- 
man 
River. 


Ohiopyle. 


50-foot 
well  on 
north 
!  bnnkof 
river. 


(•) 


0 
0 
10 
0 
132 
50 
610 
17 


19-foot 
well  on 

south 
bank  of 

river. 


0 
5 
0 
67 
132 
10 
15 
44 


Indian 
Creek. 


0 
17 
0 
0 
28 
13 
0 
9 


o  Slight  trace. 


b  Estimated. 


This  assay  shows  that  Indian  Creek  is  a  spring  stream  carrying  pure  water  like  the 
normal  waters  shown  above. 

The  only  available  measurement  of  the  Youghiogheny  near  this  point  is  that  made 
during  the  drought  of  October,  1892,  by  Kenneth  Allen,  for  the  Frick  interests,  showing 
a  flow  of  106  cubic  feet  per  second.  By  taking  the  October  flow  of  Indian  Creek  at  15 
feet,  it  may  therefore  be  said  that  the  Youghiogheny  at  the  very  driest  time  carries  not 
less  than  about  120  cubic  feet  per  second,  while  during  floods  it  may  carry  2,500  cubic  feet 
per  second. 

ConneUsviUe,  Pa. — Connellsville,  a  city  of  perhaps  9,000  people,  is  about  28  miles  below 
Confluence.  Its  water  supply  is  pumped  from  Youghiogheny  River  for  filtration  in  mechan- 
ical filters  of  the  Pittsbui^  type.  The  plant  seems  to  be  efificiently  operated,  but  there  is 
more  or  less  local  dissatisfaction  with  the  quality  of  the  wat€r,  which  contains  a  strong  trace 
of  mine  drainage.  The  only  remedy  for  this  condition  is  a  new  source  of  supply.  The 
new  pipe  line  from  Indian  Creek,  mentioned  above,  may  remove  the  objection. 

Typhoid-fever  statistics  are  not  available  for  any  of  the  towns  of  this  section  except 
Connellsville,  and  even  there  only  for  a  few  years.  In  1894,  when  the  population  was 
5,629,  there  were  3  cases  and  1  death  reported  in  Connellsville  from  typhoid  fever;  in 
1895  there  were  5  deaths  from  this  cause;  in  1897,  out  of  a  total  mortality  of  71,  there 
was  1  death  from  typhoid,  with  6  cases;  in  1898  there  were  5  deaths  in  a  total  mortality 
of  104,  or  4.8  per  cent.  These  figures  are  too  meager  to  be  of  much  value  except  to  show 
the  probable  presence  of  typhoid  bacilli  in  Connellsville  sewage,  which  finds  its  way  into 
the  Youghiogheny. 

A  sample  of  the  city  water  was  taken  from  a  hotel  tap,  and  its  assay  (p.  50)  shows 
that  the  mineral  impurities  in  the  river  have  greatly  increased.  The  lack  of  iron  and  the 
small  trace  of  sulphates  indicate  that  very  little  mine  drainage  enters  the  stream  here. 
IRR  161—06 4 
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On  account  of  the  use  of  coagulant  in  the  filters  it  is  likely  that  the  raw  river  water  is  a 
little  softer. 

From  this  point  down  to  Pittsburg  the  population  is  dense,  towns  of  from  a  few  hundred 
to  a  thousand  people  dotting  either  shore  closely.  The  sewage  and  drainage  from  all  these 
places  goes  into  the  stream,  making  it  practically  a  sewer.  Ground  waters  are  of  poor 
quality  a  little  distance  away  from  the  stream,  as  is  shown  by  the  field  assay  (below)  at 
Dunbar,  which  has  no  public  supply,  though  the  population  is  about  a  thousand.  This  \s 
a  very  hard  water,  and  none  of  the  wells  give  a  very  abundant  supply.  This  town  could 
very  well  take  water  from  the  Connellsville-Uniontown  pipe  line  suggested  above.  It 
drains  into  the  Youghiogheny  above  West  Newton. 

West  Newton  J  Pa. — West  Newton  (population  about  2,500),  15  miles  below  ConneDs- 
ville,  uses  well  water  as  a  city  supply,  the  wells  being  owned  by  private  parties.  The  wells 
are  190  feet  deep,  pumping  to  a  tank,  whence  the  taps  are  supplied  by  gravity.  The 
water  is  higher  in  color  than  it  should  be  for  a  deep  ground  water,  owing  probably  to 
fouling  in  the  tank  or  in  the  pipes.    A  field  assay  of  the  water  is  given  below. 

This  is  a  remarkably  soft  water,  considering  the  depth  from  which  it  comes.  It  would 
not  be  suitable  for  steam  making,  the  high  chlorides  .being  very  corrosive.  Its  softness 
and  high  alkalinity  indicate  the  presence  of  carbonates  and  chlorides  of  the  alkalies  in 
large  quantity. 

If  care  is  used  in  casing  the  wells  this  supply  should  be  very  fair  for  drinking  and  domes- 
tic uses. 

The  few  typhoid-fever  statistics  available  for  this  town  indicate  that  many  of  its  peo- 
ple are  drinking  water  from  individual  wells. 

Typhoid  mortality  at  West  Newton,  Pa, 


• 

Total 
deaths. 

Typhoid 
cases. 

Typhoia 
deaths. 

18B5 

4 

4 

1897 ' 

4 

1900 

30 

3 

. 

It  is  evident  that  West  Newton  also  is  a  contributor  of  typhoid  drainage  to  Youghio- 
gheny River. 

^  McKeesport,  Pa. — The  largest  city  on  the  Youghiogheny  is  McKeesport,  with  an  esti- 
mated population  in  1904  of  37,000.  The  city  water  supply  is  the  worst  on  the  Youghio- 
gheny watershed.  It  is  a  mixture  of  two  waters — raw  water  from  the  river  and  well  water 
from  wells  about  40  feet  deep.    The  field  assay  herewith  shows  the  quality  of  the  mixture: 

Field  assays  of  waters  from  West  Newton  j  Dunbar  ^  ConneUsvUUf  and  MeKeespori. 

(Parts  per  million.] 


DetemiiDation. 


West  New 
ton,  190- 
foot  wells. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  Ca  COa). 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (CI) 


0 
78 

0 

38 

42 

340 


Dunbar, 

117-foot 

wells. 


Youghiogheny  Ilivcr. 


I  ConneU»- 
I      ville. 


McKees 
port- 


I 


17 
Trace. 
119  I 
139 
132 
50 
29 


0 
22 

0 
67 
56 
22 
65 

9 


(•) 


54 
2 
126 
S6 
48.5 
108 
9.8 


a  Slightly  cloudy. 
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The  dilution  of  the  river  water  by  the  pure  ground  water  is  insignificant  so  far  as  the 
healthfulness  of  the  supply  is  concerned,  the  mixture  being  analogous  to  seeding  a  pure 
water  with  sewage  bacteria,  a  process  that  produces  conditions  under  which,  as  is  well 
known,  the  organisms  will  grow  faster  for  a  time  than  in  foul  water.  When  it  is  remem- 
bered that  in  many  of  the  towns  along  the  stream  there  is  always  some  typhoid  fever, 
and  that  there  is  some  at  some  time  in  all,  it  is  difficult  to  understand  how  an  American 
community  can  drink  such  disease-polluted  water.  Furthermore,  the  river  valley  for 
10  or  15  miles  inmiediately  above  McEeesport  is  thickly  populated,  and  small  hamlets 
along  tlte  stream  have  outhouses  along  the  banks,  so  that  a  trip  up  the  river  from  McEees- 
port ought  to  convince  the  most  skeptical,  by  the  evidence  of  their  eyes,  of  the  polluted 
character  of  the  supply.  These  facts  can  fortunately  be  supplemented  by  figures  showing 
typhoid  mortality  at  McEeesport  for  many  years. 

Typhcid  mortality  at  McKeesportj  Pa. 


PoDula- 

Total 
deaths. 

Typhoid 
cases. 

Typhoid 

deaths. 

Rate  per 
100,000. 

Year. 

Number. 

1893 

464 
454 
444 
537 
468 
528 
589 
684 
693 
799 
788 
796 

123 
.     63 
299 
144 
86 
100 
151 
315 
275 
262 
313 
324 

1894 

8 
29 
13 

8 
15 

23 
29 
30 
43 
48 

1885 



1896 

1897 

1898 

43.8 

1809 

40.9 

1900 

34,227 
35,576 
36,925 
38,274 

67.3 

1901 

81.5 

1902 

81.2 

1903 

112.3 

1904 

It  is  noteworthy  that  162  of  the  total  number  of  deaths  for  1904  from  violent  causes 
were  over  20  per  cent.  If  this  ratio  were  not  so  high  the  typhoid  percentage  mortality 
would  be  even  more  serious. 

In  1904  the  death  rate  from  typhoid  fever  in  McEeesport  was  129  per  100,000  of  popula- 
tion, or  6  per  cent  of  the  total  mortality.  This  figure  is  enormously  high,  placing  McEees- 
port in  the  same  class  with  Allegheny  and  Pittsburg  as  a  hotbed  of  water-borne  disease. 
Even  in  the  city  of  Washington,  which  is  popularly  thought  to  be  a  center  of  this  disease,  the 
number  of  deaths  per  100,000  in  1904  was  only  47,  yet  the  situation  tliere  was  considered  so 
grave  as  to  necessitate  the  erection  of  a  filtration  plant.  McEeesport,  like  Pittsburg  and 
Allegheny,  is  in  the  condition  of  having  a  continuous  epidemic  of  typhoid  fever.  The  highest 
death  rate  from  this  disease  in  Lowell,  Mass.,  before  the  change  from  a  polluted  river  supply 
to  ground  water,  was  112  in  100,000  from  1886  to  1890,  inclusive.  The  highest  recorded 
typhoid-fever  death  rate  for  Indianapolis  was  101  per  100,000  in  1895.  This  has  been  low- 
ered year  by  year  to  56  per  100,000  in  1903,  which  is  considered  so  high  as  to  necessitate  a 
change  in  the  source  of  supply.  Pittsburg,  whose  water  supply  from  Monongahela  and 
Allegheny  rivers  has  for  years  been  unspeakably  bad,  had  144  deaths  per  100,000  in  1900, 125 
in  1901, 144  in  1902,  and  139  in  1903.  Grand  Rapids,  Mich.,  which  has  been  very  seriously 
considering  the  question  of  a  purer  water  supply  than  its  present  one,  has  from  31  to  51 
deaths  from  typhoid  fever  per  100,000  for  the  years  1899  to  1903,  inclusive.  It  is  evident 
that  McEeesport  is  supplied  with  water  that  is  dangerous  and  in  no  sense  potable  or  fit  for 
consumption  by  human  beings.  The  ground-water  supply  should  be  so  extended  as  to  fur- 
nish .sufficient  for  the  needs  of  the  town,  or,  if  this  extension  is  impracticable,  Youghiogheny 
water  should  be  filtered.  Analyses  of  Youghiogheny  River  water  made  by  Pittsburg  engi- 
Beere  are  relied  upon  by  the  city  officials  to  prove  its  potability.    The  degree  of  confidence 
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which  may  be  placed  in  them  may  be  shown  by  a  comparison  of  the  dates  of  collectioD  and 
analysis.  The  samples  were  collected  January  19,  February  3  and  16,  and  March  3  and  31, 
1903.  The  secretary  of  the  local  board  of  health  states  over  his  signature  that  the  analvse; 
were  made  "about  April  and  May."  Therefore  all  the  determinations,  except  as  to  inoT- 
ganic  constituents,  are  worthless,  for  the  conditions  under  which  the  samples  were  kept  deter- 
mined whether  the  organisms  would  increase  or  die  out.  There  may  have  been,  and  prob- 
ably were,  thousands  of  bacteria  in  the  samples  when  they  were  collected.  By  the  time  tl» 
samples  were  analyzed,  a  few  days  to  a  few  weeks  after  collection,  the  food  content  of  the 
medium  may  have  been  exhausted  and  the  organisms  very  naturally  died.  If  the  dampfe^ 
had  been  kept  a  little  longer  there  would  probably  have  been  no  bacteria  at  all  left  in  them. 
To  be  of  value  bacteria  determinations  should  be  made  within  six  hours  after  ooUection  of 
the  samples. 

The  principal  claim  made  for  the  water  is  the  fact  that  it  contains  so  much  iron  and  sul- 
phuric acid  as  to  make  it  germicidal  to  bacteria.  The  purifying  acj.ion  of  the  iron  sulphate 
is  discussed  in  detail  under  the  heading  "Self -Purification"  on  pages  69-73.  In  August, 
1905  (see  field  assay),  there  were  but  2  parts  per  million  of  iron  in  the  sample  taken, 
although  the  analyses  of  the  river  water  referred  to  show  12  to  44  parts  per  million.  Evi- 
dently, as  in  the  Monongahela  water,  the  coagulating  action  of  the  ferrous  sulphate  could  not 
be  relied  upon  to  go  on  regularly,  on  account  of  the  variation  in  the  amount  of  iron,  which 
sometimes  went  far  below  the  required  quantity. 

MONONOAHSLA  BIVEB  BELOW   YOnOinOGHENT   RIVER. 

Below  McKeesport  Monongahela  River  is  lined  on  both  banks  with  little  towns,  two  of 
which,  Braddock  and  Homestead,  have  a  population  exceeding  15,000.  .\lthough  these  two 
are  the  only  large  towns  along  the  river,  there  are  so  many  smaller  ones  that  the  banks  present 
an  almost  continuous  succession  of  dwellings  and  mills.  All  of  these  drain  into  the  river,  som^ 
of  them  by  modem  sewers.  The  drainage  of  a  number  of  towns  in  Westmoreland  County, 
chief  among  which  is  Greensburg,  also  finds  its  way  into  the  stream  through  small  tribu- 
taries, although  in  comparison  with  the  direct  pollution  by  the  towns  noted  above,  tho* 
away  from  the  river  are  negligible  so  far  as  sewage  is  concerned. 

Greenshurgf  Pa. — Greensburg  (population  6,500)  has  a  gravity  supply  from  a  system  of 
impounding  reservoirs  on  Chestnut  Ridge  and  Dry  Ridge,  having  a  capacity  of  75,000,000 
gallons,  the  daily  consumption  being  from  1 ,700,000  to  2,000,000  gallons.  The  supply  is 
similar  in  quality  to' that  of  Bradford  and  Kane,  being  typical  mountain  spring  water.  Ad 
effort  is  made  here  to  assure  safety  from  pollution  by  sanitary  inspection  of  the  watershed. 
The  company  owns  1^200  acres  of  land  on  the  two  main  drainage  areas,  covering  nearly  all 
the  watershed  drawn  upon,  and  cooperates  with  the  monastery  of  St.  Vincent,  which  owns 
one-third  of  the  entire'Vatershed,  in  guarding  the  drainage  area.  All  dwellings  and  farm 
buildings  have  been  cleared  off  and  an  arrangement  has  been  made  with  farmers  havin|: 
holdings  around  the  drainage  area  whereby  they  are  furnished  constable's  badges  and  are 
paid  $10  a  year  to  warn  trespassers  off  the  land.  This  plan  seems  to  work  well  and  has 
helped  to  crystallize  public  opinion  in  favor  of  a  pure  supply.  The  company  claims  to  be 
supplying  about  30,000  people  all  told,  including  Greensburg,  Derry,  Jeanette,  Youngwood, 
and  Lycippus. 

FiM  assay  of  Greensburg  water. 
[  Parts  per  million.] 


Determination. 


Turbidity. 
Calcium . . . 
Sulphates. 


Determination. 


0  I,  Color 

I 


Total  hardness. 
Chlorides 


35 


Determination. 


Iron. 


22   I  Alkalinity. 


(«) 


a  Very  slight  trace. 


MONONGAHELA   BIVEB  BASIN.  53 

Typhoid-fever  statistics  for  Greensburg  are  too  meager  to  be  of  use. 

Braddock,  Pa. — Many  of  the  towns  along  the  banks  of  the  Monongahela  use  water  from 
driven  wells.  Others,  like  Braddock,  pump  the  river  water  raw.  The  danger  is  at  this  point 
somewhat  disguised  by  "natural  filtration''  through  a  covered  well  20  by  20  feet,  situated 
about  30  feet  from  the  river.  A  drilled  well  about  40  feet  deep  in  the  bottom  of  the  large 
one  is  drawn  on  at  the  same  time.  From  the  facts  already  stated  it  is  evident  that  the  purity 
of  the  well  water  will  by  no  means  diminish  the  toxicity  of  the  river  water.  The  work  of 
Frankland  and  Klein  shows  that  disease  germs  may  live  longer  in  unpolluted  well  water  than 
in  surface  water.  The  inefficiency  of  this  form  of  filtration  has  already  been  shown  (p.  54 
et  seq).    It  should  be  abandoned,  either  for  ground  water  or  proper  sand  filtration. 

The  only  statistics  at  hand  to  show  typhoid-fever  mortality  at  Braddock  are  for  1900, 
when,  in  a  population  of  15,654,  there  were  10  deaths  from  this  disease,  representing  prob- 
ably 100  cases,  enough  to  show  that  in  that  year,  and  probably  in  others,  typhoid  fever  was 
prevalent  in  the  town  to  a  dangerous  extent. 

Homesteady  Pa. — ^With  regard  to  the  other  towns  on  Monongahela  River  above  Pittsburg, 
the  facts  are  similar  as  to  what  they  take  from  the  river  and  what  they  put  back  into  it.  The 
largest  is  Homestead,  with  about  15,000  inhabitants,  which,  after  years  of  costly  experience 
with  typhoid  fever  resulting  from  drinking  raw  river  water,  is  filtering  Monongahela  River 
water  for  its  public  supply.  Its  own  sewage,  however,  still  pours  into  the  stream  for  the 
next  town  below  to  drink. 

SUMMABT  OF  CONDITIONS   IN  MONONGAHELA   RIVER  BASIN. 

The  discussion  of  conditions  on  the  Monongahela  above  McKeesport  has  shown- the  dan- 
gerous character  of  the  water  of  that  stream  for  drinking  purposes;  the  discussion  of  Yough- 
iogheny  River  drainage  shows  the  existence,  at  all  points  along  its  course  where  typhoid 
statistics  are  obtainable,  of  sewage  pollution  containing  the  germs  of  water-borne  disease. 
The  smaller  stream  flow  of  the  Youghiogheny  makes  dilution  of  the  contamination  to  any 
great  degree  impossible,  and  its  high  rate  of  flow  over  most  of  its  course  puts  detention  out 
of  the  question  until  West  Newton  is  reached,  coincidently  with  a  great  increase  in  the  num- 
ber of  centers  of  population.  From  Oakland  to  West  Newton,  a  distance  of  approximately 
iSO  nifles,  the  river  falls  1,591  feet,  with  a  slope  of  nearly  20  feet  to  the  mile.  The  discussion 
of  the  Allegheny  and  Monongahela  drainage  areas  has  been  sufficient  to  show  that  the 
stream  flow  through  this  mountain  country,  with  a  fall  of  3}  feet  to  the  mile,  is  too  rapid  to 
permit  effective  sedimentation,  and  it  is  clear  that  the  high  grade  of  the  Youghiogheny 
River  channel  puts  purification  by  detention  out  of  the  question.  Casselman  River,  carry- 
ing the  sewage  of  Meyersdale,  has  a  fall  of  about  600  feet  in  about  30  miles,  making,  roughly, 
a  fall  of  20  feet  to  the  mile.  It  seems  evident  that  the  sewage  of  Meyersdale,  Confluence, 
and  Connellsville  are  practically  unpurified  when  they  come  down  to  West  Newton.  On 
page  67  it  is  shown  that  self-purification  of  Illinois  River  is  not  complete  within  100 
inlles  of  the  source  of  the  pollution.  With  a  slope  about  seven  times  as  great,  the  Yough- 
iogheny above  McKeesport  is  expected  to  perfectly  purify,  by  one  agency  or  another, 
the  sewage  of  about  20,000  people,  in  a  stream  flowing  sometimes  only  about  125  cubic  feet  of 
water  per  second,  or,  roughly,  7,500  cubic  feet  per  minute;  while  below  McKeesport,  with 
a  very  low  slope,  there  is  a  population  of  approximately  100,000  to  take  care  of  with  about 
the  same  amount  of  water.  What  chance  is  there  for  complete  self-purification  in  Yough- 
iogheny River  in  the  15  miles  intervening  between  West  Newton  and  McKeesport? 

It  has  been  shown  in  the  discussion  of  the  Cheat  River  drainage  that  even  so  compara- 
tively unpolluted  a  stream  may  and  does  carry  typhoid  bacilli  down  from  remote  and  small 
sources  of  pollution  to  breed  disease  in  a  large  proportion  of  the  population  drinking  the 
water. 

In  no  way  can  the  conclusion  be  escaped  that  water  from  Youghiogheny  River  used  raw 
b  in  a  high  degree  dangerous  to  public  health.  The  claim  made  with  respect  to  the  germi- 
cidal influence  of  mine  drainage  results  from  a  misapprehension  of  the  action  of  such  drain- 
age.   Though  this  water  occasionaUy  carries  much  free  acid,  the  purifying  action,  such  as 
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it  is,  results  principally  from  the  sedimentation  which  goes  on  through  the  ooaguktza^ 
properties  of  the  calcium  in  the  water  and  the  ferrous  sulphate  coming  from  the  minrs. 
This  action  is  fully  discussed  on  pages  65-73,  it  being  shown  that  even  when  most  effiinfTii. 
under  the  most  favorable  and  well-controlled  conditions,  such  purification  is  not  sofficv^oi 
by  itself  to  make  a  water  supply  reasonably  safe.  Finally,  if  the  mine  drainage  did  actu- 
ally operate  to  free  the  water  of  pathogenic  organisms,  the  typhoid-fever  death  rate  &! 
McKeesport,  where  this  water  is  drunk  freely  without  purification,  ought  to  show  the  eff«x 
of  such  purification.  On  the  contrary,  as  the  figures  given  above  show,  the  condition  then- 
is  extremely  bad  and  the  death  rate  from  typhoid  fever  is  going  up. 

The  foregoing  discussion  of  the  Monongahela  watershed  shows  that  its  waters  are  &s 
badly  contaminated  and  as  unfit  for  drinking  as  those  of  the  Allegheny. 

AGENCIES    COMMONLY    SUPPOSED    TO    COUNTERACT     THE 
EFFECTS  OF  POLLUTION. 

NATURAL  FILTRATION. 

GENERAL   STATEMENT. 

Tliere  is  a  strong  popular  belief  that  a  polluted  river  water  will  purify  itself  in  a  flow  of 
from  7  to  30  miles.  It  need  hardly  be  said  that  this  is  not  true.  Sedimentation,  the  chi^f 
factor  in  the  self-purification  of  natural  waters,  goes  on  more  rapidly  in  standing  than  in 
running  water.  Many  cities  which  take  water  from  running  streams  upon  whose  drains^ 
areas  typhoid  fever  is  prevalent  have  been  visited  by  epidemics  of  the  disease.  Tlie  hi^ 
torical  Plymouth,  Pa.,  epidemic,  the  Mohawk  Valley  epidemic  of  1891,  the  Lowell-Law- 
rence epidemic  of  1891,  all  show  that  a  stream  polluted  with  typhoid  sewage  retains  toxic 
material  for  a  long  time. 

Experiments  made  with  the  typhoid-fever  organism  have  shown  that  it  is  able  at  times 
to  retain  its  vitality  in  potable  waters  for  weeks  and  months.  Even  if  pollution  at  anv 
particular  point  should  be  intermittent,  the  polluted  water  might  contain  the  bacilli  of 
disease,  and  its  use  for  drinking  purposes  is  therefore  attended  at  all  times  with  uncei^ 
tainty  and-  danger.  The  great  majority  of  towns  situated  on  running  streams  draw  their 
su[^lies  from  those  streams  in  too  many  cases  without  purification  of  the  water. 

The  delivery  to  the  people  of  unpurifled  wat^r  is  nowadays  regarded  everywhere  as  extremely  dac- 
gerous,  as  such  water  has  too  often  been  found  to  be  a  fruitful  source  of  typhoid  fever  and  kindred  dis- 
eases. There  is  not  a  town  in  the  eastern  United  States  talcing  its  water  unpurifled  from  a  large  stre&Q 
which  has  not  either  an  abnormal  typhoid  mortality  rate  or  has  been  visited  by  a  typhoid  epidexnic.« 

In  modem  practice  it  is  an  axiom  that  raw  surface  water  is  safe  as  a  city  supply  only 
when  the  entire  drainage  area  of  the  stream  used  is  subjected  to  rigid  sanitary  control.  ''All 
surface  waters  must  be  considered  dangerous,  and  their  use  in  the  raw  state  for  a  general 
supply  in  each  particular  case  cither  has  been,  is  now,  or  is  likely  to  be  the  cause  of  disease 
and  death,"6  except  when  properly  guarded,  when  they  have  no  superior  as  water  supplies. 
New  York  City's  water  supply  is  impounded  from  the  run-off  of  a  large  drainage  area  from 
which  whole  villages  have  been  removed,  the  entire  area  being  cleared  of  habitation.  The 
typhoid-fever  death  rate  of  New  York  City  is  very  low. 

The  plan  of  natural  filtration,  by  causing  the  polluted  waters  of  a  running  stream  to 
seep  through  the  sand  and  gravel  of  it^s  own  bed,  was  for  a  long  time  considered  adequate 
purification;  the  annual  decimation  by  typhoid  fever  in  towns  so  supplied  has  demonstrated 
the  ineffectiveness  of  the  plan  in  its  three  best-known  forms.  These  are,  first,  filter  weli'i, 
with  permeable  bottom  and  sides,  such  as  arc  used  at  Monongahela,  Braddock,  and  many 
West  Virginia  towns;  second,  filter  galleries,  such  as  those  of  Lowell,  Mass.,  before  1891. 
and  Columbus,  Ohio,  at  the  present  day;  third,  filter  cribs,  in  extensive  use  all  over  the 
country,  and  particularly  in  the  vicinity  of  Pittsburg. 

Reliable  data  as  to  the  efficiency  of  filter  wells  are  not  available.  Filter  galleries  and 
cribs,  however,  have  long  been  in  use  in  places  where  continuous  analyses  and  fairly  accu- 


oSedgwlclc,  W.  T..  Test,  Chicago  Drainage  Canal  Com.,  vol.  3. 
bKemna,  Dr.  Adolph.    Trans.  Am.  Soo.  Civil  Eng.,  vol.  64,  Ft.  D,  p.  157. 


NATURAL   FILTRATION. 


55 


rate  statistics  of  typhoid  mortality  have  been  kept,  making  it  possible  to  determine  with 
accuracy  what  effect  natural  filtration  has  on  the  quality  of  polluted  surface  waters. 

A  very  important  distinction  must  be  made  between  galleries  and  cribs.  Cribs  are 
invariably  located  in  the  beds  of  more  or  less  polluted  streams,  the  waters  of  which  seep 
through  the  superincumbent  sand  into  the  interior  of  the  structure  and  are  pumped  into 
the  city  mains.  Water  so  obtained  is,  therefore,  practically  surface  water,  the  only  purifi- 
cation being  produced  by  its  passage  through  a  few  feet  of  sand  and  gravel.  Filter  gal- 
leries, however,  being  excavated  in  the  river  bank,  are  in  a  position  to  impound  ground 
water  on  its  way  to  the  stream,  besides  allowing  the  seepage  of  surface  water  from  the  river. 
The  experience  of  conmiunities  using  such  supplies  goes  to  show  that  bacterial  purity  of 
the  supply  is  directly  proportional  to  the  ratio  between  the  ground  water  and  the  river 
water  in  the  gallery,  as  will  be  evident  from  facts  presented  below.  Properly  speaking, 
therefore,  galleries  do  not  effect  filtration  of  contaminated  water,  being  successful  only 
when  the  contaminated  water  has  no  access  to  them,  paradoxical  as  that  may  seem.  This 
point  should  be  kept  in  mind  in  accounting  for  the  wide  discrepancies  in  the  bacterial 
content  of  water  treated  by  natural-filtration  schemes  in  various  towns. 

FILTER    GALLERIES. 

Wobunif  Mass. — ^At  Woburn,  Mass.  (population  4,000),  the  supply  is  taken  from  so-called 
filter  galleries  impounding  ground  waters  on  their  way  to  Horn  Pond,  which  has  a  drainage 
area  of  7\  square  miles  and  a  surface  of  103  acres.  Prior  to  1899,  when  the  galleries  were 
installed,  the  typhoid  mortality  rate  was  high,  as  may  be  seen  from  the  figures  below: 

Deaths  per  lOOfOOOfrom  typhoid  fever  at  Woburn,  Mass. 


Years. 

Deaths. 

Years. 

Deaths. 

1871-1875 

57 
20 
25 
38 

1891-1805 

48 

1876-1880 

1896-1900 

13 

1881-1885 

1901-1903 

2 

1886-1890 

Although  conditions  did  not  immediately  improve  after  1889,  the  remarkable  reduction 
between  1891  and  1903,  bringing  the  death  rate  from  this  cause  down  to  only  2  per  100,000, 
shows  conclusively  that  the  galleries  are  supplying  good  water.  That  this  is  ground  water  on 
its  way  to  the  pond,  and  therefore  more  thoroughly  purified  than  river  water  can  ordinarily 
be,  is  shown  by  the  experience  of  Lowell,  Mass. 

LoweUf  Mass. — Prior  to  1891  Lowell  took  its  public  supply  from  filter  galleries  near  the 
Merrimac  River.    The  figures  showing  typhoid  death  rate  are  as  follows: 

Deaths  per  100,000  from  typhoid  fever  ai  Lowell,  Mass. 


Year. 

Deaths,   j 

Year. 

Deaths. 

1871-1875 

98 
43 
79| 
112, 

1891-1895 

73 

1876-1880 

1896-1900. .  - . 

25 

1881-1885 

1906-1903 

20 

1886-1890 

Prior  to  the  abandonment  of  the  galleries  in  1891  and  the  substitution  of  deep  wells  for 
the  supply  the  death  rate  at  Lowell  from  typhoid  fever  was  steadily  increasing.  The  steady 
decrease  in  the  number  of  deaths  since  the  wells  were  put  in  service  indicates  the  badly 
polluted  condition  of  the  former  filtrate  from  Merrimac  River. 

'nie  striking  difference  in  results  in  these  two  cases,  and  the  fact  that  no  less  than  20 
towns  in  Massachusetts  get  their  supplies  wholly  or  in  part  from  filter  galleries  or  similar 
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devices,  mostly  with  good  eflfect,  shows  that  a  filter  gallery  is  inadequate  to  purify  oootami- 
nated  river  water  for  drinking.  The  filtration  only  clears  the  water  of  visible  impuritifs, 
frequently  making  it  doubly  dangerous  by  masking  the  pollution.  The  device,  when  suc- 
cessful, is  merely  a  form  of  well  that  has  a  much  greater  collecting  surface  than  an  ordinaiy 
well  can  have,  collecting  ground  water  in  the  same  way  as  an  ordinary  shallow  well  and  sub- 
ject to  the  same  contamination  from  accidental  pollution.  When  unsuccessful,  it  is  noth- 
ing but  a  device  for  straining  out  turbidity  and  visible  impurities  in  polluted  river  water, 
frequently  making  it  clear  and  inviting  in  appearance,  when  in  fact  it  is  dangerously  chaiigpd 
with  the  germs  of  water-borne  disease.  A  few  cases  are  cited  below  in  support  of  this 
statement,  out  of  the  many  instances  on  record. 

Indianapolis,  Ind. — In  Indianapolis,  Ind.,  the  number  of  deaths  from  typhoid  fever  per 
100,000  is  given  by  Mr.  Puller  in  his  report  on  the  supply  as  follows: 

Deaths  per  100,000  from  typhoid  fever  at  Indianapolis,  Ind.,  1896-1904. 


Year. 

Deaths. 

Year. 

Death*. 

1895 

101  1 
56 
43I 

42| 
46  ; 

1 

1900 

47 

1896 

1901 

36 

1897 

1902 

4b 

1898 

1908 -  - 

26 

1899 - 

1904 

82 

As  a  death  rate  from  this  disease  of  over  20  per  100,000  is  generally  considered  sufficient 
to  justify  a  serious  investigation  of  the  source  of  infection,  it  is  evident  that  the  figures  given 
put  Indianapolis  in  the  class  of  cities  with  notoriously  bad  water  supplies,  llie  supply 
is  derived  from  filter  galleries  about  to  be  abandoned. 

Cdumhus,  Ohio, — Similar  conditions  have  existed  at  Columbus,  although  the  figures  are 
not  nearly  so  high.  In  the  United  States  there  are  so  many  towns  with  typhoid  death  rates 
as  high  as  those  of  Pittsburg,  with  132,  and  Allegheny,  with  129,  that  the  significance  of 
the  figures  at  Columbus  is  not  appreciated  as  it  should  be. 

Deaths  per  100 fiOO  from  typhoid  fever  at  Cdumhus,  Ohio,  1898-1903. 


Year. 


1899 
1900 


Deaths. 

Year. 

Deatthii. 

28 

1901 

36 

23 

1902 

37 

42 

1903 

34 

The  supply  is  partly  from  filter  galleries  about  to  be  abandoned. 

Findlay,  Ohio. — Findlay,  Ohio,  formerly  took  part  of  its  water  supply  from  filter  galleries 
in  Blanchard  River,  also  pumping  directly  from  that  stream. 

Typhoid  mortality  at  Findlay,  Ohio,  1897-1903. 


Year. 


Popula- 
tion.a 


1897 '  16,000 

1898 1  16,500 

1899 17,000 

1900 1  17,613 

1901 18, 000 

1902 1  18,500 

1903 19.000 


Deaths. 

8 
2 
10 
16 
6 
7 
5 


,  RMte  per 

I    100.0UO. 


12 
.-.9 
91 
31 

38 
26 


a  Estimated,  except  for  1900. 
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Tlie  figures  for  1899  and  1900  show  a  general  infection,  indicating  a  polluted  water  supply 
Sprinfffiddf  Ohio. — In  Springfield,  Ohio,  with  a  population  of  38,253  in  1900,  and  a 

supply  in  part  from  filter  galleries  of  this  kind,  the  typhoid  fever  death  rate  has  heen  as 

foUows: 

Deaths  per  100,000  from  typhoid  fever  at  Springjield,  Ohio,  1898-1903. 


Year. 

Deaths. 

1901 

Year. 

Deatha. 

1808... 

24 
64 

20 

1899 

1902    .                            ... 

51 

190O... 

1903 

42 

Plainly  this  is  contaminated  surface  water. 

Grand  Rapids,  Mich. — In  Grand  Rapids,  Mich.,  where  water  is  taken  from  three  filter 
galleries  beneath  the  river  bed,  the  mortality  as  shown  in  the  table  is  too  high. 

Deaths  per  lOOfiOOfrom  typhoid  fever  at  Orand  Rapids,  Mich. 


Year. 

Deaths. 

Year. 

Deaths. 

1898 

34 

31 
42 

1901 

35 

1899 

1  1902..            -  -     - 

51 

1900    

1908 

35 

1 

These  galleries  were  installed  in  1890,  the  raw  Grand  River  water  being  pumped  before 
then.    The  death  rate  since  has  risen. 

Summary. — ^The  evidence  shows  that  filter  galleries  have  no  bacterial  efficiency,  and 
that  these  to  be  successful  must  be  so  constructed  as  to  impound  ground  water  only. 

FILTBB  CRIBS. 

Tarenium,  Pa. — At  Tarentum  (population  7,000),  about  19  miles  above  Pittsburg,  a  crib 
in  Allegheny  River,  designed  by  Messrs.  Chapin  and  Enowles,  is  the  only  means  of  purifi- 
cation at  hand.  The  sample  taken  shows  such  high  turbidity  as  to  make  it  evident  that 
the  crib  is  out  of  commission,  probably  having  been  damaged  by  the  spring  freshets. 

Field  assay  of  water  from  Allegheny  River  at  Tarentum. 
[Parts  per  mUlton.l 


DetermlnattoD. 

Determination. 

180 

Determination. 

Turbidity                .     ... 

a30 
M 
33 

Color  

'  Chlorides 

24.5 

Calcium  (Ca) 

TOtel     hardness     (as 
CaCOi) 

Iron  (Fe) 

4  + 

Sulphates  (80|) 

51.4 

Alkalinity 

41 

a  Estimated. 

The  statistics  of  deaths  from  typhoid  fever  at  Tarentum  are  too  few  to  justify  conclusions 
as  regards  the  supply.  In  1896  there  were  48  cases;  in  1897  there  were  27  cases,  2  dying; 
in  1898  there  was  1  death  from  this  disease. 

Montrose,  near  Brilliant,  Pa. — ^The  figures  below  show  the  results  of  analyses  of  Alle- 
gheny River  water  before  and  after  it  had  passed  through  the  Montrose  crib,  4  miles 
above  Brilliant,  which  furnishes  also  a  poHion  of  Allegheny's  water  supply. 
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Arudyees  shomng  effidtncy  ofMovUrose  erih,  near  BriUiami,  Pa. 
[Parts  per  million.] 


Date. 

Water  analyzed. 

Turbidity. 

Albu- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Ni- 
trites. 

Ni- 
trates. 

Chlo- 
rine. 

Bacte- 
ria per 
cc 

1887. 
July  28 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

Muddy 

0.310 
.315 
.197 
.250 
.340 
.174 
.190 
.195 
.190 
.175 
.140 
.176 
.122 
.180 

0.034 
.046 
.011 
.027 
.0^ 
.050 
.020 
.020 

None. 
None. 
None. 
None. 
None 
None. 
None. 
NonA. 

1.036 
1.165 
.888 

.666 
.750 
.375 
.750 
.525 
1.200 
.750 
.600 
.675 
.712 
.300 

9.1 

10.2 
12.0 
14.0 
47.0 
15.0 
12.4 
13.0 
1&6 
17.5 
20.9 
21.5 
10.8 

..a 

9,150 

Muddy 

9.30D 

Aug.    9 

Slight 

TOO 

Slight 

725 

Aug.  16 

Very  turbid 

Decided 

2,225 

i5,a*i0 

Aug.  23 

Slight 

3,03D 

Slight 

2..sr.T 

Aug.  30 

Decided 

.028  ^  None. 
.018     Non«. 

4,S'iO 

Slight 

10.U50 

Sept.    7 

Slight 

.024 
.032 
.014 
.034 

None. 
None. 
None. 
None. 

15,050 

Slight 

17,  .500 

Sept.  22 

Very  slight 

Very  slight 

2,2:0 
2,425 

It  has  already  been  shown  that  typhoid  fever  is  constantly  present  in  severe  form  at 
nearly  every  important  town  on  the  watershed  of  the  Allegheny,  and  the  sewage  from  these 
towns  unquestionably  carries  disease-producing  bacilli  into  the  river.  The  efficiency  of  any 
plant  for  purifying  the  river  water  may  therefore  be  rated  by  its  effect  on  the  bacterial 
content. 

Inspection  of  the  above  figures,  bracketed  together  to  permit  convenient  comparison  of 
analyses  made  on  the  same  day,  shows  that  the  effluent  water  usually  contains  many  more 
organisms  than  the  raw  water  and  never  appreciably  less.  Average  analyses  of  the  effluent 
water,  each  representing  the  average  results  for  one  month,  follow: 

Average  analyses  ofeffttent  water  at  Montrose  crib,  near  BriUiani,  Pa. 
^  [Parts  per  million.] 


Date. 


1897. 

October 

November 

December 

1808. 

January 

February  16 

March 

April 

May 

June 

July 

August 


Albumi- 
noid am- 
monia. 


0.128 
.135 
.090 

.090 
.058 
.076 
.070 
.099 
.126 
.094 
.111 


Free  am- 
monia. 

Nitrites. 

0.014 

None. 

.020 

None. 

.017 

None. 

.045 

None. 

.028 

None. 

.024 

None. 

.024 

None. 

.042 

None. 

.026 

None. 

.017 

None. 

.025 

None. 

Nitrates. 


perc-c. 


97,262 
29,250 
27,000 


Not  one  of  these  effluents  can  be  truthfully  called  a  filtered  and  safe  water,  and  it  is  evident 
that  so  far  as  bacterial  purification  is  concerned  the  crib  might  as  well  not  be  there.  The 
crib  is  of  approved  form,  about  2,500  feet  long,  32  feet  wide,  and  7  feet  deep,  its  framework 
having  been  built  of  6  by  8  hemlock  timbers,  laid  flat.    The  timbers  are  spread  by  blocks 


KATUBAL  VICTBATIOir. 


59 


4  inches  thick,  spaced  about  3  feet  apart.  It  is  tightly  planked  over  on  top  with  3-inch 
planks,  but  its  sides  and  bottom  are  open.  In  placing  the  crib  an  excavation  somewhat 
l&iger  than  the  area  of  the  structure  was  made  and  the  crib  was  floated  over  and  sunk  into 
place.  It  is  covered  with  stones  and  coarse  gravel  with  sand  upon  top.  The  average 
depth  of  gravel  and  sand  on  the  crib  is  5  feet.  The  depth  of  the  crib  below  the  surface  at 
low  water  is  16  feet  at  (he  upper  end  and  10  feet  at  the  lower.  Upon  two  occasions  fresh 
sand  and  gravel  have  been  dumped  in  places  upon  the  crib  to  replace  material  thought  to 
have  been  washed  away. 

HuUon,  Pa. — ^At  Hulton,  about  11  miles  above  Pittsburg,  a  crib  similar  to  that  at  Mont- 
rose was  built  in  1894.  Its  timbers  are  2  by  4  inch  hemlock.  It  is  96  feet  long,  16  feet 
wide,  and  4  feet  deep,  and  is  covered  to  a  depth  of  about  4}  feet  with  laige  stones,  sand, 
and  gravel.  The  average  depth  of  water  at  low  water  is  about  7  feet.  Here  similar  exhaust- 
ive analyses  were  made  both  of  the  raw  water  of  Allegheny  River  and  of  the  effluent  from 
the  crib. 

Analyses  showing  efficienqf  of  crib  at  EuUon,  Pa. 

[Parts  per  million.] 


Date. 

Water  analyzed. 

Turbidity. 

Albu- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Ni- 
trites. 

Ni- 
trates. 

Chlo- 
rine. 

Bacte- 
ria per 

CO. 

1807. 

Aug.    9 

River  water,  raw...... 

Effluent  from  crib 

River  water,  raw 

Effluent  from  crib 

Slight 

0.215 
.108 
.206 
.130 

0.021 
.009 
.021 
.014 

None. 
None. 
None. 
None. 

0.816 
.502 
.900 
.605 

11.7 
35.3 
11.0 
24.0 

650 

Clear 

135 

Aug.  18 

Decided 

525 

Slight 

1,071 

Aug.  23 

River  water,  raw 

Slight 

*  .186 

.016 

None. 

.({38 

11.0 

1,150 

Effluent  from  crib 

Very  slight 

.130 

.018 

None. 

.528 

44.8 

135 

Sept.  14 

River  water,  raw 

Effluent  from  crib 

Slight "... 

.133 
.OM 

.024 
.016 

None. 
None. 

.450 
.450 

19.7 
29.7 

250 

Very  slight 

68 

Sept.  28 

River  water,  raw 

Slight 

.174 

.028 

None. 

.900 

20.1 

3,300 
2,260 
12,250 

Effluent  from  crib 

River  water,  raw 

Slight 

.102 
.162 

.014 
.012 

None. 
None. 

.750 
.775 

39.0 
31.2 

Oct.     5 

Very  slight 

Effluent  Irom  crib 

Clear 

.096 

.014 

None. 

.825 

36.8 

6,336 

Oct.    12 

River  water,  raw 

Slight 

.108 

.010 

None. 

.600 

28.4 

5,700 

Effluent  from  crib 

Very  slight 

.118 

.005 

None. 

.825 

39.7 

3,846 

Oct.    19 

River  water,  raw 

Very  slight 

.105 

.012 

None. 

.600 

27.9 

90.000 

Effluent  from  crib 

Very  slight 

.090 

.010 

None. 

.675 

38.0 

34,660 

Oct.  26 

River  wat«r,  raw 

Very  slight 

.078 

.014 

None. 

.375 

37.5 

87,000 

Effluent  from  crib 

Very  Blight 

.080 

.016 

None. 

.625 

61.4 

39,825 

Nov.    2 

River  water,  raw 

Clear 

.060 

.012 

None. 

.450 

35.1 

32,000 

Effluent  from  crib 

Very  slight 

.084 

.014 

None. 

.450 

63.4 

27,000 

Nov.    9 

River  water,  raw 

Slight 

.122 

.016 

None. 

.525 

34.5 

7,800 

Effluent  from  crib 

Clear 

.088 

.018 

None. 

.625 

63.1 

2,100 

Nov.  16 

River  water,  raw 

Effluent  from  crib 

River  water,  raw 

Decided 

.266 
.160 
.140 

.054 
.068 
.010 

None. 
None. 
None. 

1.200 
.825 
.675 

18.6 
62.2 
14.4 

15,010 
100 

Clear 

Nov.  23. 

Slight 

15,700 

Effluent  from  crib 

Clear 

.068 

.014 

None. 

.450 

60.7 

167 

In  all  but  one  of  these  thirteen  sets  of  analyses  a  reduction  of  bacterial  content  is  noted 
in  the  effluent,  varying  from  the  6  per  cent,  removed  September  28,  to  the  93  per  cent, 
removed  November  16.  The  highest  efficiency,  93  per  cent,  is  not  sufficiently  high  to  war- 
rant the  use  of  this  water  as  a  public  supply;  the  lowest  needs  no  comment.  Lest  it  may 
be  claimed  that  some  further  reduction  in  bacterial  content  taices  place  in  the  taps  the 
foUowing  analyses  are  presented  to  show  the  condition  of  the  effluent  from  the  cnb,  side  by 
side  with  that  of  samples  from  the  taps  in  Verona,  supplied  from  this  source. 
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Analyses  ofwaierfrmn  HuUon  crib  and  Verona  tap. 
[Parts  per  million.] 


Date. 

Water  analyzed. 

Turbidity. 

Albu- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Ni- 
trite*. 

Nl-        Chlo- 
trates.     rine. 

Bacte^ 
riaper 

C-C- 

1897. 
Dec.     7 

Effluent     .... 

Clear 

0.048 
.064 
.044 
.040 
.040 
.038 
.028 
.032 
.040 
.042 

0.016 
.014 
.018 
.022 

None. 

1 

0.975  1      6H.1 

« 

Verona  tap 

Clear 

None. 
None. 

.825  1      65.1   1          17.' 

Jan.     4 

Effluent 

Clear 

.750  1      22.7  I            SG 

Verona  tap 

Very  slight 

Clear 

1 
None.  1      .675        26.0  1          444 

Jan.   1» 

Effluent.  . 

.028     None.        .825        50.4             952 

Verona  tap 

Clear 

.026     None.  '      .600        52.1             323 

Feb.    1 

Effluent 

Clear 

.020     None.  |      .750        51.8            333 

Verona  tan 

Clear  .     . 

.014  '  None.        .825        49.2         1.^* 

Feb.  16 

Effluent. 

Clear 

.016  1  None.  |      .825        44.5 
.010  1  None,  i       .750         49.2 

>til 

Verona  tap 

Clear 

130 

1 

Analyses  are  available  through  August,  1898,  but  it  is  unnecessary  to  quote  further.  It  is 
evident  that  the  quality  of  the  water  in  the  taps  is  sometimes  improved  and  sometinies  not. 
In  the  five  cases  given  three  show  an  increase  in  bacteria;  two  a  decrease.  If  pathogenic 
bacilirare  in  the  water,  there  is  absolutely  nothing  to  prevent  this  water  from  carrying  con- 
tagion from  the  infected  river  to  every  tap  in  Verona. 

Sharpshurgj  Pa. — ^At  Sharpsbui^  (population  about  7,000),  on  the  west  side  of  the  Alk^ 
gheny,  a  mile  below  Brilliant,  the  supply  is  derived  from  the  river  through  a  crib  100  feet 
long,  8  feet  wide,  and  5  feet  deep.  It  has  been  in  use  since  1893.  There  is  about  2^  feet 
of  river  material  over  it,  but  it  is  tight  near  the  top,  being  open  on  the  bottom  and  the  lower 
part  of  the  sides.  Timbers  and  openings  are  6  inches  wide.  Low  wat«r  is  about  3  fe«t  above 
the  top  of  the  crib.  There  are  no  analyses  at  hand  of  the  raw  Allegheny  water  at  Sharps- 
burg,  but  the  average  analyses  of  the  Sharpsburg  effluent,  taken  in  connection  with  analy- 
ses made  to  determine  the  efficiency  of  the  Etna  crib,  shown  below,  furnish  sufficient  data 
for  judgment  on  the  supply  of  the  former. 

Average  analyses  ofeffltient  from  Sharpsburg  crib. 
[Parts  per  million.] 


Bacteria 
range  in 
number. 


3,710  I  9Xh  7,430 
15,800  i  11,100-20,500 
13,400  13,00fr-l-3,800 
25,500  1  IS,8bO-.32,2D0 


Evidently,  whatever  may  be  the  nature  of  the  purification  this  has  undergone,  its  effi- 
ciency in  removing  bacteria  is  not  high.  Disease-infected  water  would  therefore  pass 
through  this  crib  without  sufficiently  complete  loss  of  organisms  to  make  it  reasonably  safe 
for  drinking. 

Etna,  Pa. — Comparative  analyses  of  water  at  Etna  show  similar  conditions.  At  this 
point  there  is  also  a  crib  in  the  river.  It  is  a  wooden  box  40  feet  long,  16  feet  wide,  and  4 
feet  deep,  perforated  with  many  openings  and  covered  to  the  depth  of  about  4  feet  with 
stone,  river  gravel,  and  sand.    The  following  analyses  show  the  efficiency  of  the  crib: 
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Analyses  shovnng  eficienqf  of  Etna  crib. 
[Parts  per  million.] 


Date, 

1897. 
Sept.   7 

Sept.  21 

Sept.  28 

Oct.     5 

Oct.    12 

Oct.    19 

Oct.   26 

1898. 
June    7 

June  21 

July    6 

Aug.    2 

Aug.  16 


Water  analyzed. 


,  River  waMTt  raw . 
I  Effluent 

River  water,  raw . 

Effluent 

River  water,  raw . 

Effluent 

River  water,  raw . 

Effluent 

River  water,  raw . 

Effluent 

River  water,  raw. 

Effluent 

River  water,  raw. 

Effluent 


Turbidity. 


'  Sllglit 

Clear 

Slight 

I  Very  slight. 
I  Very  slight. 

Very  slight. 
'  Very  slight. 

Clear 

Very  slight. 
'  Very  slight. 
'  Very  slight. 
'  Very  slight. 
'  Very  slight. 

Clear 


I 

River  water,  raw '  «0. 3 

Effluent Clear 

River  water,  raw o9.0 

Effluent Very  slight 

River  water,  raw .09 

Effluent Very  slight 

River  water,  raw 1.8 

Effluent Slight 

River  water,  raw 1. 6 

Effluent Clear 


Albu- 
minoid 
ammo- 
nia. 


0.222 
.126 
.186 
.118 
.118 
.098 
.188 
.090 
.160 
.148 
.122 
.006 
.144 
.056 

.084 
.040 
.124 
.030 
.130 
.058 
.168 


Free 
ammo-| 
nia.    ■ 


Ni- 
trites. 


Ni- 
trates. 


.120 
.070 


).038 

None. 

0.750 

.018 

None. 

.975 

.012 

None. 

.600 

.014 

None. 

.900 

.024 

None. 

.812 

.026 

None. 

.900 

.014 

None. 

.900 

.018 

None. 

1.500 

.032 

None. 

.600 

.018 

None. 

.750 

.022 

None. 

.600 

.010 

None. 

1.275 

.048 

None. 

.750 

.014 

None. 

.750 

.042  i  None. 

.300 

.006 

None. 

.300 

.028 

None. 

.150 

.008 

None. 

.225 

.030 

None. 

.750 

.016 

None. 

.675 

.036 

None. 

.4fiO 

.018 

None. 

.525 

.044 

None. 

.675 

.026 

None. 

.525 

Chlo- 
rine. 


Bacte- 
ria per 
c.c. 


21.0 

6,125 

30.2 

1,288 

28.0 

2,625 

42.3 

133 

22.1. 

5,250 

28.7 

1,841 

29.4 

7,200 

41.0 

1,652 

32.0 

28,750 

45.8 

2,730 

46.1 

27,300 

48.3 

13,260 

40.0 

75,000 

40.4 

38,220 

23.8 

65,800 

51.5 

5,200 

14.0 

16,400 

48.0 

325 

18.7 

1,630 

44.2 

1,520 

30.0 

239,000 

48.6 

10,850 

18.4 

159,000 

54.1 

1,600 

a  Reciprocal  scale. 

These  analyses  indicato  a  higher  degree  of  efficiency  at  times  than  has  been  previously 
noted,  but  they  bring  out  strikingly  the  greatest  drawback  to  crib  filtration;  that  is,  the 
lack  of  regularity  in  efficiency.  During  the  summer  of  1898,  when  the  structure  had  been 
in  place  a  year  and  should  have  shown  as  good  results  as  it  ever  will,  the  efficiency  is  seen 
to  vary  from  %8  per  cent  on  June  21,  already  quoted,  to  less  than  7  per  cent  on  July  6. 
Before  a  city  ventures  to  use  the  water  of  Allegheny  River  it  should  demand  better  assur- 
ance of  purification  than  this. 

MiUvaUf  Pa. — At  Mill  vale  (population  about  7,000),  about  4  miles  below  Brilliant,  on 
the  western  side  of  the  river,  there  are  two  cribs,  one  of  which  is  owned  by  the  Bennett  Water 
Company.  This  crib  is  100  feet  long,  16  feet  wide,  and  4  feet  deep,  built  of  2  by  4  inch 
timber,  and  covered  with  stone,  gravel,  and  sand.  The  flow  of  the  current  has  necessitated 
frequent  refilling  to  replace  material  washed  away.  At  this  crib  the  bacterial  purification 
is  so  slight  as  to  make  detailed  figures  unnecessary.    The  averages  are  given  below: 

DeUrminaiions  shounTig  efficiency  of  MiUvale  crib. 


1897. 


August 

September. 
October... 


Average 
number  of 
bacteria  in 
river  water 

per  c.  c. 

4,600 
3,762 
69,126 


Average 
number  of 
bacteria  in 
effluent  wa- 
ter per  c.c. 


7,533 

4,144 

41,660 
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That  the  crib  had  not  improved  much  by  the  following  August  is  shown  by  the  fact  that 
a  sample  of  the  effluent  water  taken  August  2, 189S,  showed  18^200  bacteria  per  cubic  cen- 
timeter,  and  a  sample  taken  August  16  showed  19,500  bacteria  per  cubic  centimeter,  both 
numbers  too  large  to  speak  well  for  the  process. 

Wildvx)od,  Pa. — A  large  quantity  of  water  is  pumped  from  the  Wildwood  crib,  on  Alle- 
gheny River,  about  1 )  miles  above  the  BriUiant  pumping  station,  to  supply  the  town  of  Wil- 
kinsburg,  part  of  Pittsburg,  and  some  neighboring  places.  The  crib  is  in  the  middle  of  the 
river,  304  feet  long,  32  feet  wide,  and  4  feet  deep,  built  of  2  by  8  inch  planks,  with  2-inch 
open  places  on  top  and  sides,  and  open  bottom.  Upon  it  and  around  it  there  were  placed 
lai^  stones  to  the  depth  of  1  foot,  then  1  foot  of  coarse  gravel,  and  then  3  feet  of  river  sand. 
There  is  said  to  be  30  feet  of  gravel  in  the  bed  of  the  stream  under  the  crib,  which  should 
improve  the  quality  of  the  water.     It  was  installed  in  June,  1897. 

Analyses  showing  efficiency  of  Wildwood  crib. 
[  Parts  per  million.] 


Date. 


July  29 
Aug.  4 
Aug.  11 
Aug.  18 
Aug.  24 
Sept.  7 
Sept.  14 
Sept.  21 
Sept.  27 


Water  analyzed. 


River  water,  raw.. 

Effluent  

River  water,  raw . 

Effluent 

River  water,  raw . 

Effluent  

River  water,  raw. 

Effluent 

River  water,  raw. 

Effluent , 

River  water,  raw. 

Effluent 

River  water,  raw . . 

Effluent 

River  water,  raw. 

Effluent , 

River  water,  raw. . 

Effluent 

River  water,  raw. 
Effluent 


Turbidity. 


I 


Slight 

Clear 

Muddy 

Clear 

Slight 

Clear 

Muddy 

Clear 

Slight 

Clear 

Very  slight. 

Clear 

Very  slight. 

Clear 

Slight 

Clear 

Slight 

Clear 

Slight 

Clear 


Albu- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

0.162 

0.016 

.046 

.012 

.280 

.031 

.032 

.023 

.240 

.030 

.062 

.018 

.395 

.035 

.110 

.024 

.268 

.018 

.052 

.023 

.204 

.028 

.060 

.028 

.122 

.014 

.048 

.026 

.112 

.012 

.062 

.018 

.108 

.028 

.056 

.012 

.118 

.012 

.040 

.014 

0.003 
.001 

None. 
.005  I 
.001  I 
.004  I 

None.  I 
.003  I 

None. 
.003 

None. 

None. 

None.  I 
.001  I 

None.  ! 

None. 

None.  ' 

None. 

None.  I 

None.  ' 


Chlo- 
rine, 


0.015 
.010 

1.334 
.445 
.950 
.592 
.814  I 
.370  ' 
.600  I 
.300  • 
.450  I 
.375  I 
.600  I 
.450  ' 
.575  I 

2.250 
.300  I 
.225  ' 
.675  j 
.450  ' 


l&O  I 
18.5 
9.5  ' 

22.0  I 
11.5  ' 
14.5 
37.5  I 

21.2  ' 
15.6. 

18.1  I 

13.1  j 
19.9 
18.8 

20.3  ' 

21.4  ] 
21.9  I 

26.2  I 

21.5  " 
25.1  ' 
26.2 


520 

2m 

11,350 

59 
1,225 

N8 

3,600 

50 

11,200 

262 

5.200 

106 

7,425 

78 

.100 

12 

825 

160 

3.600 

148 


It  is  evident,  taking  the  records  pair  by  pair,  that  this  crib  has  effected  a  very  remarkable 
reduction  in  the  organic  content  of  the  river  water  if  the  effluent  really  is  filtered  river  water. 
On  August  24  the  efficiency  was  98  per  cent;  on  September  7,  99  per  cent;  on  September 
14,  96  per  cent;  on  September  21 ,  80  per  cent;  on  September  27,  96  per  cent.  During  the 
month  of  October,  1897,  it  was  steadily  about  96  per  cent.  This  is  as  high  a  percentage  of 
efficiency  as  many  mechanical  filters  make;  but  a  noteworthy  difference  appears  in  the  drop 
to  80  per  cent  on  September  21.  It  is  impossible  to  know  just  why  this  happened  in  the 
crib,  whereas  in  the  mechanical  filter  the  difficulty  could  be  found  and  remedied.  In  other 
words,  the  crib  filter  may,  as  in  this  cose,  give  wonderfully  high  efficiency  at  times — even 
most  of  the  time — but  no  one  knows  when  it  may  fail  for  a  brief  period.  Its  operation  is 
uncontrollable  and  uncertain,  and  in  a  stream  so  badly  polluted  with  pathogenic  organisms 
as  the  Allegheny  the  risk  is  too  great  to  be  taken.  It  is  unfortunate  that  typhoid-fever 
statistics  are  unobtainable  for  this  town  except  for  1899,  when  there  were  5  deaths  from  this 
cause  in  a  population  of  11,886  (census  of  1900),  the  death  rate  thus  being  42  per  100,000. 
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If  the  efficiency  previously  noted  were  maintained,  there  should  not  be  over  25  deaths  per 
100,000  from  typhoid  fever. 

Summary. — ^The  foregoing  statement  discusses  filtering  cribs  operating  under  different 
conditions.  Where  the  crib  has  been  placed  in  a  swift  current  of  water  its  eflficiency  is  prac- 
tically too  low  for  serious  consideration;  under  peculiarly  favorable  conditions,  such  as 
those  at  the  Wildwood  crib,  an  amazingly  high  efficiency  is  realized  for  a  time.  The  mass 
of  data  compiled  as  to  the  operation  of  slow  sand  filters  shows  that  in  time,  whether  it  be 
one,  two,  or  three  years,  the  filtering  sand  and  gravel  must  either  become  so  much  clogged 
as  to  diminish  seriously  the  supply,  or  the  bacteria  caught  by  the  particles  of  sand  must  pass 
farther  and  farther  into  the  mass  until  the  effluent  is  no  longer  pure  enough  to  drink.  It  is 
possible  to  remove  the  polluted  sand  from  a  sand  filter  and  allow  the  filtering  action  to 
begin  over  again  on  fresh  material,  but  no  such  removal  can  occur  in  the  case  of  a  crib 
except  through  the  scouring  of  the  river  bed  in  time  of  flood,  etc.,  a  very  irregular  and  uncer- 
tain agency.  The  important  point  is  that  such  a  mode  of  filtration  is  beyond  control  by 
ordinary  means  and  is  only  properly  efficient  when  favorable  conditions  happen  to  be  met 
more  by  good  fortune  than  by  anything  else. 

The  inefficiency  of  the  cribs  at  Allegheny  and  Pittsburg  is  well  known.  The  city  of  Alle- 
gheny installed  a  crib  in  Allegheny  River  in  1897  at  an  immense  cost.  The  inefficiency  of 
this  structure  in  filtering  the  polluted  water  may  be  seen  from  the  following  figures  lowing 
typhoid-fever  mortality  : 

Deaths  per  100,000  from  typhoid  fever  at  Allegheny,  Pa.,  1898-1902. 


Year. 

Deaths. 

1898  .   . 

38 

1899 

107 

1900 

93 

Deaths. 


101 
120 


For  Pittsburg,  filter  cribs  in  Monongahela  River  supplying  the  South  Side  and  six  bor- 
oughs of  the  city  gave  the  following  results: 

Deaths  per  100,000  from  typhoid  fever  at  Pittsburg,  Pa.,  1898-1903. 


Year. 

Deaths. 

Year. 

Deaths. 

1898 

71 
110 
144 

1901 

125 

1899 

1  1902 

144 

1900 

1903 

139 

These  figures  are  worse  than  Allegheny's.  It  is  evident  that  the  water  supplied  to  these 
consumers  was  totally  unpurified,  so  far  as  disease  bacteria  are  concerned. 

At  Sharpsbui^  the  figures  are  few,  but  sufficient  to  show  a  general  infection  every  year. 
In  1895  there  were  47  cases,  with  4  deaths;  in  1898, 33  cases,  with  7  deaths;  in  1899, 57  cases, 
with  6  deaths  out  of  a  total  mortality  of  72,  or  8}  per  cent.  In  1902  there  were  73  cases. 
As  the  population  of  the  town  is  only  about  7,000,  the  above  figures  have  startling  signifi- 
cance. Evidently  in  1902  one  person  in  every  hundred  had  typhoid  fever,  many  of  them 
probably  through  drinking  the  polluted  river  water. 

The  foregoing  discussion  of  crib  filtration  has  reviewed  figures  showing  bacterial  purifica- 
tion and  typhoid-fever  mortality  derived  from  absolutely  reliable  sources  for  several  cities. 
In  every  case  it  has  been  shown  that  crib  filtration,  no  matter  how  excellent  the  results  may 
be  at  times,  is  absolutely  unreliable  as  a  means  of  ameliorating  a  public  water  supply. 

FILTER   WELLS. 

General  discussion. — ^Tlie  third  method  of  natural  filtration  is  by  wells  sunk  in  river  sand 
and  gravel,  varying  in  diameter  from  a  few  inches  to  20  or  30  feet,  and  so  constructed  as  to 
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allow  the  polluted  river  water  to  seep  through  its  own  bed  into  the  well.  As  has  been 
already  stated,  this  method  of  filtration  produces  a  water  of  excellent  appearance,  but  ibe 
data  given  relating  to  filter  cribs  and  filter  galleries  show  that  there  can  be  no  real  purifica- 
tion of  the  water  by  this  means.  It  has  seemed  to  be  very  possible  that  efficient  filtration 
could  be  obtained  by  a  modification  of  this  plan  where  local  conditions  are  favorable,  as  b 
some  islands  in  Ohio  River.  If  wells  are  drilled  to  a  moderate  depth  on  some  of  tbes 
islands  of  clean  river  sand,  through  which  the  water  may  percolate  before  entering  tbe  weOi. 
very  efficient  purification  ought  to  be  secured  until  the  outer  layers  of  sand  become  dogged 
The  frequent  scourings  to  which  these  islands  are  subject  by  the  rise  and  fall  of  the  river 
as  well  as  by  its  strong  current  should  be  favorable  to  the  periodical  removal  of  the  clogged 
layers.    The  idea  Ls  not  new. 

M.  Leforte,  Ingenieur  des  Fonts  et  Chaussees,  engaged  lo  Improving  the  water  supply  of  the  dty  of 
Nantes,  proposed  a  dozen  years  ago  to  secure  artificially  the  most  favorable  conditions  for  natuni 
filtration  by  creating  at  many  places  in  tbe  bed  of  the  Loire,  a  little  above  the  city,  islets  of  fine  aand,  Id 
the  middle  of  which  were  established  wells  provided  with  suitable  works  for  their  control,  from  whicb 
water  was  to  be  tnken.    Notwithstanding  a  satisfactory  trial'of  the  process  it  was  not  applied.^ 

The  same  procedure  was  suggested  by  M.  Janet,  engineer  of  mines,  who  reconimended 
that  water  be  pumped  from  the  Seine  and  the  Oise  to  the  summits  of  sandy  hills  at  Mout- 
morency,  Fontainebleau,  etc.,  and  allowed  to  percolate  to  the  bottom  of  the  sand  to  be 
collected,  thus  making  use  of  a  natural  filter  over  50  meters  thick. 

OaUipoliSf  Ohio. — It  has  remained  for  an  American  municipality  to  apply  this  plan  and  U> 
demonstrate  its  ultimate  inefficiency.  The  city  of  Gallipolis,  Ohio  (population  about  6JOOO1 
gets  its  water  supply  from  filter  wells  drilled  on  an  island  in  the  Ohio  River.  The  records 
of  typhoid  fever  mortality  show  a  wonderful  temporary  efficiency,  not  a  single  death  frofn 
this  cause  being  reported  during  two  years,  at  the  end  of  which  former  conditions  recurred. 

Typhoid  mortality  at  GaUipoliSf  Ohio. 


Year. 

Total 
deaths. 

Typhoid 
deaths. 

Year. 

Total 
deaths. 

57 
83 
65 

Typhoid 
deaths. 

1807 

116 
146 
101 
64 

2 
3 
7 
0 

1901 

e 

1898 

1902 

j» 

1899.           .   .            .     . 

1903 

4 

1900 

Evidently  if  the  decrease  in  deaths  is  to  be  ascribed  to  the  filtration  of  Ohio  River  wat^r 
through  this  river  sand  the  return  to  the  epidemic  conditions  shown  in  1902  and  1903  must 
have  had  a  similar  origin.  It  is  probable  that  the  pathogenic  organisms  carried  in  tbe 
river  water  have  grown  completely  through  tbe  sand,  so  that  even  the  scouring  of  the  top 
does  not  carry  away  all  the  polluted  sand.  The  experiment  shows  the  uncontrollable 
character  of  such  a  purification  scheme. 

Similar  supplies  exist  at  Moundsville,  W.  Va.,  and  Point  Pleasant,  W.  Va.,  both  described 
later  in  this  paper  (pp.  87,  92-93). 

CONCLUSION. 

Every  form  of  natural  filtration  so  far  attempted  has  been  unsuccessful  except  the  rather 
rare  type  last  described,  and  that  was  successful  only  for  a  time.  At  many  other  places 
which  could  be  cited  the  deatli  rate  shows  that  these  devices  have  no  efiiciency  in  removing 
bacteria  from  pollut^id  water,  so  that  towns  which  attempt  to  purify  water  by  natural  filtra- 
tion are  likely  to  spend  more  money  annually  in  avoiding  epidemics  of  water-borne  diseases 
than  many  times  the  interest  on  the  cost  of  an  efficient  sand-filtration  plant. 


o  Trans.  Am.  Soc.  Civii  Eng,,  vol.  54,  Pt.  D,  p.  184. 
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SELF-PURIFICATION. 
OXIDATION,  DILUTION,  AND  SEDIMENTATION. 

Hie  conditions  on  the  Monongahela  (see  pp.  54-55)  show  the  existence  of  sources  of  poUu- 
tion  sufficient  to  make  the  river  water  unsafe  as  a  source  of  public  supply  without  purific&- 
tioQ,  unless  complete  self-purification  takes  place  in  the  river.  If  Professor  Sedgwick  is  cor- 
rect in  his  conclusiona  that  the  population  of  the  Allegheny  basin  scattered  along  the  main 
stream  and  its  tributaries  is  practically  equivalent  under  present  conditions  to  an  equal 
population  massed  at  the  lowest  point  considered,  then  the  same  conclusion  applies  to  the 
more  concentrated  population  of  the  Monongahela  basin  with  drainage  slopes  as  far  down 
as  Greensboro  steeper  than  those  of  the  Allegheny.  It  would  seem,  then,  that  the  contami- 
nation in  Monongahela.  River  from  above  Point  Marion  is  probably  equivalent  to  that  of  a 
city  of  25/)00  or  30,000  population  located  at  Point  Marion,  and  the  question  arises  whether 
complete  self-purification  takes  place  below  that  point. 

From  a  drainage  area  of  11,400  square  miles  Allegheny  River  discharges,  as  is  shown  by 
official  measurements  made  by  the  U.  S.  Geological  Survey,  from  1,312  cubic  feet  per  sec- 
ond (September,  1903)  to  40,000  cubic  feet  per  second  or  more  at  flood  stages.  Mononga- 
hela River  has  a  drainage  area  of  7,625  miles,  67  per  cent  of  that  of  Allegheny.  Its  dis- 
charge can  not  be  given  with  accuracy  since  few  figures  are  available.  The  discharge  of 
the  Youghiogheny  at  Ohiopyle,  Pa.,  measured  by  Kenneth  Allen  in  1892,  was  106  cubic 
feet  per  second  at  a  very  dry  time;  Indian  Creek,  entering  some  miles  below,  usually  carries 
50  to  100  feet  per  second,  but  has  been  known  to  go  as  low  as  12  cubic  feet  per  second  in 
periods  of  extreme  drought.  The  table  herewith  shows  the  flow  of  Indian  Creek  as  com- 
puted by  the  Geological  Survey  ft  from  data  furnished  by  Charles  H.  Knight,  Rome,N.  Y., 
in  1893. 

Estimated  mean  flaw  of  Indian  Creek  from  August,  1892 y  to  July,  1893. 


8ec.-ft. 

August : 31.4 

September 15.2 

October 12.6 

November 48. 8 

December 102.8 

January 193.6 


Sec.-ft. 

February 650.0 

March 290.5 

AprU 278.0 

May 523.3 

June 41.3 

July 13.1 


The  table  giving  the  dischai^  of  Cheat  River  shows  that  that  stream  at  times 
carries  less  than  200  cubic  feet  per  second.  In  October,  when  Indian  Creek  is  at  its  lowest, 
Cheat  River  carries  about  700  cubic  feet  per  second.  It  may  bo  roughly  estimated  that 
Cheat  River,  Indian  Creek,  and  Youghiogheny  River  together  contribute  about  825  cubic 
feet  per  second  to  the  Monongahela  in  the  fall.  The  discharge  of  Tygart  and  West  Fork 
rivers  aggregates  about  75  cubic  feet  per  second.  No  figures  are  available  for  these  streams, 
and  this  is  merely  a  rough  estimate  based  on  experience  in  measuring  similar  streams. 
Altogether  the  Monongahela  may  be  said  to  cany  about  900  cubic  feet  per  second  in  the  fall, 
or  about  two-thirds  the  volume  of  Allegheny  River  at  that  time.  The  flood  flow  of  the 
Monongahela  is  considerably  over  40,000  cubic  feet  per  second,  or  about  the  same  as  that 
of  the  Allegheny.    The  facts  about  the  Monongahela  are  therefore  as  follows: 

1.  The  drainage  area  of  Monongahela  River  is  67  per  cent  of  that  of  the  Allegheny,  and  its 
discharge  is  about  70  per  cent  of  that  of  the  latter. 

2.  The  flood  dischaige  is  nearly  the  same  for  the  two  streams. 

3.  As  far  down  as  Greensboro  the  Monongahela  drainage  area  is  rugged,  the  soil  lacks  fep- 
tility  and  therefore  absorbs  very  little  storm  water,  and  the  run-off  is  rapid. 

4.  The  region  is  practically  deforested. 

These  facts  indicate  that  the  Monongahela,  as  far  down  as  Greensboro,  is  by  far  the  quicker 


a  Kept.  Pittabure  Flit.  Com.,  p.  20. 
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spilling  of  the  two  streams,  and  as  it  has  at  its  headwaters  about  the  same  po|>iilation  per  squarE 
mile  of  drainage  area  it  will  deliver  as  much  pollution  to  any  point  above  Greensboro  in  th^ 
same  time  or  less. 

From  Greensboro  to  Pittsbui^,  a  distance  of  approximately  80  miles,  the  Monoogahek  t^s 
a  fall  of  about  72  feet,  or  about  0.9  foot  to  the  mile.  This  is  so  little  compared  to  thai  aboTf 
Greensboro  that  evidently  it  is  on  the  conditions  prevailing  in  this  stretch  of  the  stream  tfcjit 
self-purification  of  the  stream  will  depend.  The  element  of  time  is  of  the  greatest  impor- 
tance in  this  process.  If  the  rate  of  flow  of  the  water  is  so  low  as  to  detain  poUutioD  a  lot^ 
time,  then  the  river  will  be  practically  a  long,  narrow  reservoir,  affording  conditions  more  or 
less  favorable  for  self-purification.  But  the  rate  of  flow  depends  on  slope,  cross  section,  and 
quantity  of  water.  The  slope  of  the  Allegheny  from  the  mouth  of  Clarion  River  to  Pitts- 
burg, a  distance  of  approximately  85  miles,  is  about  1.95  feet  to  the  mile.  The  lower  slope 
of  Monongahela  River  would  tend  to  lessen  the  velocity  of  the  water  and  lengthen  the  period 
of  detention.    The  latter  may  be  said  to  be  inversely  proportional  to  the  rapidity  of  flow,  or 

Detention=-    - ,   where  V  =  c  v/T«~ 

the  Chezy  formula  usually  employed  in  computation  of  flow  in  open  channels.  If  fairiy  accu- 
rate data  were  obtainable  for  cross  sections  of  the  two  streams  at  numerous  points,  the  for- 
mula could  be  used  to  express  numerically  the  degree  of  detention,  and  hence  the  degree  of 
self-purification  going  on  in  a  given  stream.  In  this  case  the  lack  of  such  data  is  complicated 
by  the  fact  that  the  Monongahela  is  so  completely  canalized  below  Greensboro  as  to  make  thf 
slope  above  calculated  valueless  for  this  .discussion,  as  the  fall  of  each  slack-water  basin  is 
practically  zero.  At  low  water,  therefore,  the  velocity  of  the  water  is  so  very  slight  as  U» 
give  an  enormously  high  value  for  detention  in  the  proposed  formula,  pointing  to  an  in£- 
nitely  high  degree  of  purification.  For  streams  not  canalized  the  degree  of  self-purification 
would  seem  to  be  directly  determinable. 

If  pollution  be  supposed  to  enter  the  Monongahela  at  Greensboro  only  and  all  souroes  of 
contamination  below  that  point  to  be  eliminated,  the  degree  of  self-purification  going  oo  in 
the  80  miles  under  discussion  is  so  high  that  it  is  conceivable  that  the  water  might  be  com- 
pletely purified.  But  it  is  not  at  all  certain  that  this  is  the  case.  It  is  now  agreed  by  sani- 
tarians that  the  process  of  self-purification  can  hardly  be  complete  and  perfect,  and  that 
therefore  it  can  not  be  depended  upon  as  sufficient  in  itself  to  assure  a  pure  supply. 

The  main  factors  in  self-purification  are  evidently  oxidation,  dilution,  and  sedimentation, 
and  for  the  last  the  term  "detention*'  is  proposed  as  more  properly  expressing  the  time  ele- 
ment necessary.  As  far  as  oxygen  is  concerned  it  has  long  been  known  that  the  typhoid 
baciUus,  the  very  organism  it  is  desired  to  eliminate  from  water,  "grows  most  abundantly  in 
the  presence  of  free  oxygen,"  though  "  it  may  also  develop  in  its  absence,  "o  It  is  well  known 
to  bacteriologists  that  "  the  great  majority  of  pathogenic  bacteria  are  facultative  anae- 
robes "b — that  is,  they  may  develop  with  or  wi thout  oxygen.  As  to  dilution  of  sewage,  Pro- 
fessor Sedgwick  believes  that  1  gallon  of  sewage  dumped  into  Illinois  River  might  caof^ 
trouble  in  the  water  supplies  below.  Without  going  to  this  extreme,  it  is  perfectly  evident 
that  no  lines  can  be  drawn  between  "  sufiicient "  and  "  insufficient "  dilution.  It  takes  litii*' 
sewage,  compared  to  the  volume  of  the  stream,  to  cause  an  offensive  appearance.  Vpit 
little  is  necessary  to  poison  the  water  for  drinking.  The  question  resolves  itself  into  oof 
of  the  vitality  of   pathogenic  organisms  in  water,  a  question  discussed  later  in  this  paper 

The'  exact  amount  of  self-purification  due  to  sedimentation  can  not  be  stated  positively. 
Turbidity  has  a  great  influence  on  purification  by  sedimentation,  for  turbid  water  contains 
many  heavy  particles  which  settle  to  the  bottom,  entangling  and  carrying  with  them  great 
numbers  of  bact<iria  as  they  go  down.  Long  detention,  therefore,  will  cause  turbid  water  lo 
become  not  only  clearer,  but  remarkably  better  in  quality,  by  causing  the  greater  part  of  the 
pollution  to  settle  to  the  bottom.  In  running  water  sedimentation  can  not  occur  to  any 
great  degree  unless  the  current  is  retarded  by  obstacles,  natural  or  otherwise,  which  convert 


a  Sternberg,  Bact.,  1896,  p.  308  6  Muir  and  Ritchie,  Bact.,  1899,  p.  23. 
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the  river  into  a  chain  of  pools,  and  the  greater  the  number  of  pools  or  reaches  on  the  river 
and  the  claser  together  they  are  the  more  will  self-purification  be  assisted. 

The  mill  pond  at  Lowell,  Mass.,  is  16  miles  long.  The  well-known  epidemic  of  typhoid 
fever  at  this  place  was  traced  to  dejecta,  principally  from  one  patient,  which  entered  a  largo 
brook  from  an  overhanging  outhouse,  was  ^ielivered  into  the  Merrimac,  and  reached  the 
intake  of  the  wat-erworks.  At  Lawrence,  Mass.,  an  equally  well-known  epidemic  was  caused 
by  contaminated  water  which  had  been  kept  in  the  storage  reservoir  two  weeks,  with  excel- 
lent opportunity  for  sedimentation.  At  Covington,  Ky.,  the  badly  polluted  water  of  Ohio 
River  is  kept  at  times  as  long  as  thirty-two  days,  yet  Covington  suiters  severely  from  typhoid 
fever.  At  New  Albany,  Ind.,  the  water  supplied  to  the  city  is  stored  for  a  month  before  it  is 
used,  yet  there  is  much  typhoid  fever.a  These  instances  show  that  sedimentation  alone,  under 
the  best  conditions,  does  not  make  contaminated  water  safe.  Settling  basins  alone  are  not  an 
efficient  and  adequate  means  of  purifying  the  sewage  discharged  into  a  stream. 

Decisive  evidence  on  this  head  is  supplied  by  the  schematic  representation  made  for  the 
Report  of  Streams  Examination  for  the  Sanitary  District  of  Chicago,  showing  the  belief  of 
some  water  bacteriologists  that  the  polluted  water  from  Chicago  is  completely  purified  by  the 
time  it  reaches  Averyville.  The  drawing  shows  pollution  in  heavy  black  shading;  lightening 
as  the  purification  goes  on,  proceeding  down  the  river.  The  poUution  is  heaviest  at  Chicago 
and  gradually  thins  out  until  it  reaches  Averyville,  when  it  disappears,  to  be  renewed  pres- 
ently by  the  sewage  of  Peoria.  This  diagram  is  the  result,  presented  in  graphic  form,  of 
numerous  bacteriological  analyses  of  the  river  water  by  the  commission.  The  distance  from 
Chicago  to  Henry,  where  the  sewage  has  very  largely  disappeared,  is  about  114  miles;  from 
Chicago  to  Averyville,  where  apparently  it  has  wholly  disappeared,  about  142  miles;  from 
Peoria,  with  its  heavy  pollution,  to  Kampsville,  where  it  is  claimed  that  that  pollution  has 
disappeared,  about  150  miles.  Therefore,  without  going  into  the  merits  of  the  Chicago-St. 
Louis  controversy  at  all,  it  may  be  said  that  both  parties  agree  that  within  about  100  miles  of 
the  source  of  poUution  self-purification  is  so  incomplete  that  contamination  is  recognizable, 
and  that  the  infection  of  a  stream  of  the  character  of  the  Illinois  by  the  sewage  of  Cliicago  may 
be  dangerous  to  the  health  of  communities  using  the  infected  water  raw  within  that  distance. 

Conditions  on  one  stream  can  not  be  exactly  like  those  on  another.  Illinois  River,  carry- 
ing the  sewage  of  an  immense  population,  is  not  in  any  respect  exactly  like  the  Monongahela. 
Yet  a  comparison  of  the  two  streams  brings  out  similarities.  The  discharge  of  the  Monon- 
gahela has  been  computed  at  roughly  900  cubic  feet  per  second  or  54,000  cubic  feet  per  min- 
ute. That  of  Illinois  River  at  Peoria  at  the  same  season  of  the  same  year,  in  September, 
1903,  was  about  15,000  cubic  feet  per  second  or  900,000  cubic  feet  per  minute.  The  popula- 
tion of  the  Monongahela  drainage  area  above  and  including  McKeesport  may  be  assumed  at 
about  134,000.  That  of  the  Illinois  River  drainage  area  above  Peoria  would  probably  be  at 
least  2,250^)00.    These  figures  show  the  proportion — 

54,000: 134,000: :  900,000:  x,  whence 
2=2,233,000, 

almost  exactly  the  population  of  the  Illinois  drainage  area.  The  volumes  of  the  two  streams 
therefore,  even  allowing  for  errors  in  estimating,  are  practically  directly  proportional  to  the 
population  served.  There  are  numerous  lakes  and  sluggish  reaches  on  Illinois  River  where 
the  fall  is  practically  zero,  so  that  there  is  probably  as  much  opportunity  for  self-purifica- 
tion by  detention  in  that  stream  as  in  any.  It  is  unnecessary  to  enter  into  further  details. 
It  is  evident  that  the  uncertainty  of  .self -purification  on  over  100  miles  of  Illinois  River  ap- 
plies with  great  force  to  the  conditions  on  the  Monongahela,  notwithstanding  the  difTerence 
in  population. 

The  history  of  epidemics  has  repeatedly  shown  that  it  is  not  necessarily  an  extensive  out- 
break of  typhoid  that  starts  another  below  it,  but  that  one  or  two  cases  may  infect  a  large 
population.    A  few  instances  will  be  given.    The  typhoid-fever  epidemic  at  Lowell,  pre- 


a  Sedgwick,  W.  T.,  Test.,  Chicago  Drain.  Com.  vol.  3 
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viously  referred  to,  was  traced  to  contamination  from  but  one  or  two  cases.  Tlio  Xew  hi\  n 
epidemic  was  caused  by  dejecta  from  typhoid-fever  patients  in  one  family  passing  into  xh- 
wat€r-8upply  reservoir.  In  the  Windsor  epidemic  infection  was  washed  by  ordinary  nii- 
into  a  small  thread  of  a  stream  and  thence  into  a  larger  brook,  which  delivered  it  into  the  n>«- 
ervoir.  The  epidemic  at  Ithaca,  which  attracted  so  much  attention,  was  due  to  the  wa^iu; 
into  the  city  supply  of  fecal  matter  deposited  on  the  watershed.  Scores  of  similar  c*'*^ 
could  be  cited.  The  smaller  population  of  the  Monongahela  is  therefore  no  bar  to  the  spn-dd 
of  typhoid  fever  by  the  use  of  the  raw  water.  The  industries  along  the  river  employ  hjaut 
foreign  laborers — ignorant,  uneducated,  and  of  uncleanly  habits — ^whose  dejecta,  all  go  iatn 
the  stream.  This  fact  is  well  known,  and  the  sole  protection  of  the  communities  using  ti>' 
water  has  been  the  germicidal  effect  of  detention  in  the  chain  of  slack-water  basins  that  col- 
stitute  the  lower  Monongahela.  It  is  clear  that  such  purification  is  not  certain  nor  perfect, 
and  that  there  is  grave  risk  in  using  this  water  raw. 

Tlie  foregoing  discussion  started  from  the  tentative  assumption  that  no  pollution  ent+r^ 
the  Monongahela  below  Greensboro,  and  it  has  been  shown  that  contamination  introdu^t-d 
at  that  point  may  live  to  reach  the  mouth  of  the  river.  As  a  matter  of  fact,  however,  fn-i. 
and  dangerous  sewage  pollution  enters  the  stream  at  hundreds  of  places  below  Greensbom. 
sometimes  in  enormous  quantity.  The  real  efficiency  of  the  detention  going  on  in  the  m 
miles  of  slack  water  is  therefore  measured  by  the  eflficiency  of  the  last  basin  receiving^pollu- 
tion  or  the  last  basin  on  the  river.  Tlie  above  discussion  makes  it  evident  that  such  a  ba^ir.. 
even  several  miles  long,  can  not  be  relied  upon  to  completely  purify  polluted  water. 

Nor  should  it  be  forgotten  that  to  settle  the  bacilli  to  the  bottom  of  the  basin  is  by  d>) 
means  to  get  rid  of  them.  If  by  any  means  the  mass  of  corruption  at  the  bottom  i.>  d^- 
turbed,  there  is  nothing  to  prevent  it  from  being  returned  to  the  stream  to  be  carried  dowr. 
to  breed  disease  in  towns  below.  This  has  been  shown  by  the  typhoid  epidemic  at  Detrcti: 
which  resulted  from  the  disturbance  of  sewage  deposits  in  the  bed  of  Black  River  at  P«ti 
Huron.  This  caused  sediment  to  be  carried  down  St.  Clair  River  through  St.  Clair  Lakr 
into  the  intake  of  the  waterworks.^  Professor  Sedgwick  well  sums  up  the  situation  «.- 
follows: 

Dams  undoubtedly  so  far  as  they  produce  slack  water  or  quiescence  favor  purification  and  the  disap- 
pearance of  disease  germs  for  the  time  being;  but  if  the  sediment  or  sludge  is  allowed  to  remain  in  th» 
bottom  of  the  stream  and  not  removed  artificially  or  taken  out  and  put  off  out  of  a  position  of  danp^- 
the  chances  are  good,  as  experience  shows,  that  in  freshets  it  may  be  returned  to  the  stroam  a^ain.  * 
coraeapartof  it,  travel  with  it,  and  produce  trouble  below.  That  was  the  case  at  Newburyport-  •  •  • 
The  Merrimac  is  often  a  series  of  mill  ponds  or  a  series  of  quiet  lakes  in  which  sedimentation  gn  « <c 
nicely,  and  the  water  shows  great  purification  at  such  times,  but  just  as  soon  as  a  thunder  shower  r^i-i.-  - 
[scouring  takes  place  with  the  rise  of  the  stream]. 

In  other  words,  detention  while  undoubtedly  of  very  great  value  in  many  caseii  does  noi 
and  can  not  take  the  place  of  steady  and  regular  purification  of  the  stream  by  such  a  prL)«-<^'^ 
as  sand  filtration,  so  that  however  great  may  be  the  improvement  by  detention  the  detained 
water  must  always  be  regarded  with  suspicion  and  once  polluted  can  not  be  considered  per- 
fectly safe  for  drinking  without  being  filU^red. 

It  can  not  Ix;  held  that  the  greater  dilution  of  sewage  in  the  Monongahela  in  times  of  floixi 
is  of  a.ssistance  in  purification.  In  the  first  place  it  is  sufficiently  evident  that  mere  dilutiic 
can  not  be  a  complete  safeguard.  In  the  second  place  all  the  beneficial  effects  of  deteniii):. 
gained  by  the  slow  current  in  the  river  may  be  nullified  by  a  slight  increase  in  velocity. 

The  addition  of  such  a  volume  of  liquid  as  passes  through  the  Drainage  Canal  must  often  materia  Jv 
quicken  the  flow  of  the  Illinois  River.    It  must,  therefore,  hinder  effective  sedimentation,  and     . 
thus  shortening  the  time  rcMjuired  for  infectious  germs. to  pass  through  the  river  and  by  interfering 
with  thoir  detention  aggravate  the  danger  of  their  arrival  at  the  mouth  of  the  river.    ♦    ♦    *    T: 
time  allowed  in  these  matters  is  very  important,  so  that  any  quickening  of  flow  isagravecon8ideration--> 

How  much  more  grave  becomes  the  interference  with  purification  when  a  stream  like  tli* 
Monongahela  rises  within  a  few  days,  as  it  did  twice  in  March,  1905,  from  about  9,000  ru\'l 
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fret  per  second  to  over  40,000  cubic  feet  per  second,  or  from  540,000  cubic  feet  per  minute, 
about  six-tenths  of  the  discharge  of  Illinois  River  at  Peoria,  to  over  2,400,000  cubic  feet  per 
minute,  nearly  three  times  the  dischai^  of  the  Illinois.  This  enormous  increase  in  volume 
is  bound  to  wash  out  the  great  mass  of  pollution  that  has  acx'umulated  at  the  bottom,  which 
will  be  carried  downstream  into  the  water  supply  of  every  city  that  uses  the  river  water  raw. 
Any  increase  in  the  speedpf  the  current  increases  the  liability  to  the  spread  of  typhoid  fever 
under  the  conditions  given. 

ACID  MINE  DRAINAGE. 


There  remains  for  discussion  the  theory  held  by  some  persons  that  the  mine  wastes  that 
enter  Monongabela  River  along  much  of  its  course  containing  much  acid  are  sufficiently 
gi^rmicidal  in  their  effects  to  insure  reasonable  safety  in  the  use  of  this  water  in  its  raw  stat«. 
This  conclusion  is  not  warranted  by  the  facts. 

The  mine  wastes  present  in  this  stream  enter  principally  in  the  form  of  ferrous  sulphate, 
though  free  sulphuric  acid  is  sometimes  distinguishable.  The  lime  content  of  the  stream  is 
considerable,  and  this,  together  with  the  free  acid  and  sulphate  of  iron,  evidently  brings 
about  a  coagulation  and  sedimentation  which  also  drags  down  the  organic  impurities.  This 
action  is  similar  to  that  of  the  coagulating  processes  used  extensively  in  mechanical  filter 
plants  as  a  preliminary  to  filtration.  As  is  shown  by  the  tables  given  below,  this  process  is 
useful  in  clearing  a  muddy  or  highly  colored  water,  such  as  that  of  Mississippi  River;  but 
it  is  the  practically  unanimous  opinion  of  engineers  that  such  purification,  although  exceed- 
ingly valuable  in  many  cases  and  indispensable  in  some,  can  be  regarded  only  as  a  prepara- 
tion of  the  water  for  filtration  and  is  by  no  means  as  adequate  in  itself  to  assure  its  safety 
for  drinking. 

The  treatment  of  the  St.  Ijouis  water  supply  by  this  process  has  attracted  attention,  and 
is  regarded  by  local  authorities  as  sufficient  to  safeguard  the  public  health.  Doctor 
Snodgrass,  city  bacteriologist  of  St.  Louis,  admitted  before  the  American  Public  Health 
A.ssociation,  in  1905,  that  the  chemicals  are  added  for  coagulating  purposes  only,  and  that 
the  completion  of  the  process  of  purification  must  be  accomplished  by  filtration.  This 
treatment  of  contaminated  water  for  use  as  a  source  of  city  supply,  without  filtration,  can 
be  regarded  only  as  a  device  for  diminishing  danger,  not  as  a  means  of  abolishing  it.  "It 
does  not  provide  pure  water  for  the  city.     It  is  simply  a  makeshift."a 

Its  percentage  of  efficiency  in  removing  bacteria  seems  at  first  glance  very  high,  as  is 
shown  in  the  table  herewith: 

Efficiency  of  coagulation  at  St.  Louis  waterworks  in  removing  bacteria. 


Week  commencing— 


1904. 


March  28. 
April  1... 
April  22. . 
April  29.. 
May  6.... 
May  13... 
May  27... 

Junes 

June  10... 
June  17... 
Jime24... 
July  15... 


Number 

of  bac'tpria 

In  river 

water. 


19,000 

187,500 

34,000 

136,500 

22,500 

103,500 

45,000 

30,000 

21,000 

16,000 

38,000 

26,orjo 


Number 

of  bacteria 

in  outlet 

water. 


8,700 


8,225 

2,850 

1,800 

37,500 

600 
3,500 
1,100 

550 
1,600 
4,.}00 


Number 

of  bacteria 

in  tap 

water. 


937 

9,200 

1,5,50 

3,950 

550 

16,250 

750 

600 

2,000 

500 

650 

323 


Percentage 

of  bacteria 

removed 

l)etwecn 

Percentage 
of  bacteria 
removed 
between 

river  in- 
take and 
outlet. 

river  in- 
take and 
Up. 

55 

91 

95 

76 

95.5 

98 

97 

92 

98 

64 

85 

99 

98 

89 

95.5 

97 

96 

84 


92 
97 


98.8 


a  Weston,  Am.  Pub.  Health,  XXX. 
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Efficiency  of  coagulation  at  St.  Louis  waterworks  in  removing  bacteria — Oontinued. 


Week  commencing- 


Number 

of  bacteria 

in  river 

water. 


Number 

of  bacteria 

in  outlet 

water. 


Number 

of  bacteria 

in  tap 

water. 


Peroentage!  FWtsentiMf 
of  bactena   of  back  r.  ^ 


xemoved 

retnor*  >i 

between 

betwivn 

river  in- 

riv*T ii- 

take  and 

takeai  i 

outlet. 

tap. 

1904. 


August  12 

August  15 

August  10 

August  26 

September  2.. 
Septembers.. 
September  16. 
September  23. 
September  30. 
November  18. . 
November  26. . 


27,000 
14,000 
10,575 
9,150 
2,100 
17,750 
11,276 
14,376 
25,476 
8,125 
40,000 


2,500 

3,200 

450 

300 

200 


4,550 
300 
300 
300 

6,100 


1,100 

1,550 

690 

30 

20 

75 

600 

375 

65 

950 

1,000 


91 
77 
96 
97 
91 


60 
96 
99 
97 


Average. 


S7.4 


9fi 


V*  f 

9T.-. 

89 
?6 


The  eflSciency  of  a  purification  system  may  very  justly  be  held  to  be  the  lowest  peireDt- 
age  of  removal  of  bacteria  that  it  accomplishes.  On  this  basis  the  efficiency  of  this  system 
would  be  low  indeed,  sometimes  going  down  to  76  per  cent,  and  apparently  not  under  such 
influences  as  can  be  controlled  or  regulated.  The  average  removal  of  bacteria  at  the  outlet 
of  the  sedimentation  reservoirs  is  79  per  cent,  and  in  the  city  taps  is  94  per  cent.  If  tLf 
latter  figure  be  accepted  as  the  regular  daily  perfonnance  of  the  process,  it  can  not  be  n^n- 
sidered  thorough  enough  to  warrant  the  use  of  the  treated  water  without  filtration .  Effect i \  f 
sand  filtration  will  remove  over  99  per  cent  of  the  bacterial  contents  of  polluted  wat<er^. 
The  difference — about  5  percent— may  mean  a  great  deal  if  the  original  bacterial  content  i-f 
the  water  be  high  and  the  sources  of  pollution  not  far  removed.  The  experience  of  Law- 
rence, Mass.,  is  significant.  At  this  city  93  or  94  per  cent  of  the  total  number  of  the  bacilli  in 
the  polluted  Merrimac  River  water  were  removed  by  storage  in  the  city  reservoir.  Xever- 
theleas  typhoid-fever  epidemics  recurred  year  after  year,  showing  that  enough  polluti<iS 
was  left  to  spread  disease.  The  death  rate  from  typhoid  fever  in  this  city  is  now  one  of 
the  lowest  in  Massachusetts,  with  the  filters  removing  99  per  cent  of  the  pollution.  The 
difference  of  5  per  cent  there  was  evidently  the  difference  between  a  poisoned  supply  and 
a  healthful  one.o 

Tlie  treatment  at  St.  LouLs  is  made  with  great  care,  under  the  best  conditions,  calculated 
quantities  of  chemicals  being  added  to  the  water,  which  is  sedimented  in  basins  not  expos^'d 
to  uncontrolled  or  irregular  variations  in  depth,  wind  action,  velocity  of  flow,  quantity  of 
water,  etc.  Nevertheless,  as  shown  above,  the  degree  of  purification  is  not  sufficient  ti» 
make  a  water  so  treated  safe  without  subsequent  filtration. 

How  much  efficiency,  in  the  face  of  the  above  evidence,  can  be  claimed  for  the  coagulat- 
ing proces.s  going  on  in  the  Monongahela  River,  with  every  element  of  the  problem  depend- 
ent on  chance?  Even  if  the  process  were  carried  on  under  the  most  favorable  condition^ 
purification  could  not  be  expected  in  the  Monongahela  water,  because  the  chemicals  arp 
not  present  in  sufficient  amount.  At  St.  Louis,  iron  is  added  to  the  water  at  the  rate  of 
from  one-half  to  three  grains  per  gallon.  The  minimum  rate,  one-half  grain,  is  equivalent 
to  SJ  parts  per  million  of  iron,  which  is  necessary  to  purify  the  water  in  the  partial  degree 
already  described;  the  water  of  the  Monongahela  River  generally  contains  less  than  one 
part  per  million  of  iron,  and  seldom  more  than  four. 6 


a  Clark,  H.  W..  Am.  Piib.  Health,  XXX. 

6  Kept.  Pittsburg  Filtration  Com.,  Analysen,  p.  271. 
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The  possibility  that  there  is  enough  free  acid  in  the  water  to  destroy  pathogenic  bacteria 
is  worthy  of  consideration. 

The  experiments  made  by  various  workers  to  determine  the  germicidal  efficacy  of  sul- 
phuric acid  have  been  sufficiently  numerous  and  extended  to  permit  definite  conclusions 
90  the  question  to  be  formed.  Many  years  ago  Koch  a  first  announced  that  the  cholera 
bacillus  was  fatally  affected  by  acid  solutions.  Subsequently,  Eitasato^  showed  that 
cholera  bacilli  are  destroyed  in  a  few  hours  by  hydrochloric  and  sulphuric  acids.  Davainec 
had  shown  that  the  bacilli  of  anthrax  are  destroyed  by  sulphuric  acid  in  the  proportion  of 
1  to  5,000  and  that  the  bacilli  of  septicemia  are  destroyed  by  the  acid  in  the  strength  of  1  to 
1 ,500.  In  Sternberg's  experiments  of  1885  it  was  shown  that  the  multiplication  of  putre- 
factive bacteria  was  prevented  by  the  presence  in  a  culture  solution  of  sulphuric  acid  in  the 
strength  of  1  to  800,  and  the  micrococci  of  pus  were  destroyed  in  two  hours  by  the  pres- 
ence of  the  acid  in  a  solution  of  1  to  200.  The  work  of  Boer,  quoted  by  Stemberg,cl  showed 
the  germicidal  effect  of  sulphuric  acid  on  the  following  organisms  : 

The  anthrax  bacillus  was  destroyed  in  two  hours  in  a  solution  of  1  to  1,300. 

The  diphtheria  bacillus  was  destroyed  in  two  hours  by  a  solution  of  1  to  500. 

The  typhoid  bacillus  was  destroyed  by  a  solution  of  1  to  1,550. 

The  spirillum  of  Asiatic  cholera  was  destroyed  in  two  hours  by  a  solution  of  1  to  1,300. 

Stutzer  showed  «  a  solution  of  0.05  per  cent  of  sulphuric  acid  was  fatal  to  cholera  bacilli 
in  fifteen  minutes.  A  weaker  solution  (0.02  per  cent)  took  twenty-four  hours  to  kill  the 
oE^ganisms,  while  a  0.03  per  cent  solution  failed  to  kill  the  bacteria  in  five  hours.  As  a 
result  of  his  experiments,  he  estimates  that  100  kilos  of  sulphuric  acid  at  60^  Beaum^  would 
disinfect  40,000  liters  of  water,  a  strength  of  1 :400,  or  1  pound  of  acid  to  40  gallons  of 
waterJ  In  the  same  year  Doctor  Ivanhoff  showedi7  that  a  0.04  per  cent  solution  of  sul- 
phuric acid  destroys  cholera  bacilli  in  Berlin  sewage  and  an  0.08  per  cent  solution  destroys 
the  organisms  in  Potsdam  sewage.  Kobe  showed  that  sulphuric  acid  in  a  proportion  of  1 
to  800  is  antiseptic  in  some  cases.  He  does  not  believe,  however,  that  it  can  be  depended 
upon  as  a  general  antiseptic. A  The  experiments  of  Kitasato  quoted  by  Rideal^  show  that 
in  a  0.049  per  cent  solution  of  sulphuric  acid  there  is  growth  of  bacteria;  in  a  0.065  per 
cent  solution  growth  is  restrained;  in  a  0.08  per  cent  solution  growth  cases.  The  experi- 
ments of  Rideal  and  Parkes  in  1900,  to  devise  a  portable  disinfectant  for  use  by  soldiers  in 
purifying  drinking  water,  showed  that  chemically  pure  sulphuric  acid  diluted  in  the  pro- 
portion of  20  minims  to  the  pint  of  infected  water  reduced  the  number  of  bacilli  in  fifteen 
minutes  and  killed  them  in  forty -five  minutes.  The  amount  of  water  used  was  750  cubic 
centimeters,  which  was  infected  with  1  drop  of  a  twenty-four-hour  37-degree  broth  culture 
of  bacillus  typhosus.  Further,  100  cubic  centimeters  of  boiled  water  infected  with  1  cubic 
centimeter  of  the  same  culture  gave  the  following  results,  the  plus  (-H)  sign  indicating  the 
presence  of  the  oiganisms,  the  minus  (=)  sign  their  absence: 

Effects  ofsuLphwric  add  on  haciUi. 


Minims  per  pint  of  Infected^ 

Results. 

water. 

7 J  minutes. 

15  minutes. 

30  minutes. 

45  minutes. 

60  minutes. 

2  hours. 

20 

+ 

+ 

+ 
+ 

+ 
+ 
4- 

+ 
+ 

15 

_ 

10 

+ 

a  Virus  de  Septic4mie;  Oas.  Med.,  Jan.  10, 1874. 

h  Quoted  in  Steml>erg,  Bact.,  1806. 

c  Bact.,  1896. 

d  Zeit.  fur  Hyg.,  1893,  p.  116,  quoted  by  Rfdeal. 

«  Disinfection  and  Preservation  of  Food,  1903,  p.  375. 

/  The  English  imperial  gallon  is  equivalent  to  10  pounds. 

0  Zeit.  fllr  Hyg.,  1803,  p.  86. 

h  Hyg.,  1890,  p.  357. 
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The  largest  amount  used,  20  minims  to  the  pint,  or  1: 384,  about  2,600  parts  per  millior, 
would  take  an  hour  to  kill  typhoid  bacilli  under  conditions  closely  resembling  the  actual 
conditions. 

The  most  important  of  all  experiments  of  this  kind,  perhaps,  and  those  which  apply  m^vt 
closely  to  the  problem  under  discussion,  were  those  made  by  Rideal  to  determine  the  vital- 
ity of  the  typhoid  organism.  Typhoid-fever  bacilli  were  introduced  into  impure  wai*:. 
which  was  kept  at  room  temperature,  with  the  following  results: 

Effect  of  sulphuric  acid  on  typhoid  fever  baciUi. 


Strength 
of  solution. 

Time  of 
exposure. 

Results. 

Per  cent. 
0.025 
.030 
.030 
.030 
.035 

Hours. 
20 

20 

i 

Killed. 

Alive. 

Alive. 
Killed. 
Killed. 

All  these  experiments  show  conclusively  that  sulphuric  acid  can  and  does  kill  oiganisms 
in  water,  but  the  question  remains,  How  far  are  these  facts  applicable  to  the  problem  of 
the  purification  of  the  water  in  Youghiogheny  River? 

Certain  conditions  in  the  problem  under  discussion  show  that  the  action  of  the  acid  is 
valueless  as  a  means  of  purification. 

1.  There  is  never  sufficient  acid  to  do  the  work. 

2.  It  is  impossible  to  apply  the  acid  in  constant  quantity,  owing  to  the  wide  vajiation 
in  the  flow  both  of  the  stream  and  the  acid,  the  former  being  subject  to  wide  and  rapid  varia- 
tion, while  the  flow  of  acid  may  be  as  high  as  30  or  40  parts  per  million  at  some  periods  and 
may  ceaso  altogether  at  others,  as  shown  by  the  analyses. 

Rideal's  experiments  show  that  a  0.025  per  cent  sulphuric-acid  solution,  equivalent  to 
250  parts  per  million,  requires  20  hours  exposure  in  impure  water  at  room  temperature  to 
kill  typhoid  bacilli,  while  a  solution  of  350  parts  per  million  (0.035  per  cent)  will  kill  the 
organisms  in  half  an  hour.  There  is  never  so  much  sulphuric  acid  in  the  water  of  Uoiioo- 
gahela  or  Youghiogheny  rivers.  As  shown  above,  at  one  time,  in  August,  1905,  the  amount 
was  so  small  as  to  be  undistinguishable  by  field-assay  methods  which  readily  distinguish  a 
slight  traco,  amounting  possibly  to  one-fiftieth  part  per  million.  The  analyses  made  for 
the  city  of  McKeesport,  referred  to  above,  show  44  parts  per  million  of  the  acid  uniformly 
distributed  through  the  body  of  the  stream  and  never  as  many  as  100  parts  per  million, 
except  possibly  at  isolated  points  immediately  J^elow  the  outflow  of  mines.  It  is  clear, 
therefore,  that  although  sulphuric  acid  is  a  germicidal  agent  under  favorable  conditions, 
such  conditions  do  not  and  can  not  exist  in  the  rivers  under  discussion,  and  the  acid  can 
not  be  counted  on  to  purify  them  of  sewage  bacteria.  Even  if  there  were  more  acid  present, 
it  is  to  be  remembered  that  its  strength  is  not  entirely  available  for  the  elimination  of 
pathogenic  bacteria.  ''A  chemical  disinfectant  will  frequently  combine  almost  instantly 
with  organic  or  other  matters  present  in  sewage,  thereby  becoming  partially  or  entirely 
inert  before  it  has  time  to  attack  the  bacteria. "a  If  200  or  300  parts  per  million  of  sul- 
phuric acid  were  being  poured  into  the  river,  there  is  so  much  lime  and  other  alkaline 
material  present  that  the  greater  part  of  the  acid  would  immediately  combine  with  these 
to  form  merely  a  neutral  sulphate  instead  of  persisting  as  a  free  germicide.  This  difficulty 
has  long  been  encountered  in  the  various  attempts  made  to  chemically  sterilize  sewage. 
Sulphates  are  not  germicidal  at  all,  and  only  moderately  antiseptic;  the  difference,  be  it 


a  Rideal,  S.  S.,  Disinfection  and  Preservation  of  Food.    New  York,  J.  Wiley  it  Bona,  IfflS. 
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said,  for  nontechnical  readers,  being  that  an  antiseptic  will  restrain  or  check  the  growth  of 
bacteria  while  germicides  kill  them.  Though  the  recent  notable  study  of  copper  sulphate 
as  a  disinfectant  of  water  supplies  by  Moore  and  Eellerman  and  others  a  has  shown  that 
under  some  conditions  it  is  destructive  to  certain  forms  of  bacteria,  the  sulphates  of  lime 
and  magnesia  actually  encourage  the  growth  of  some  organisms,  while  the  sulphates  of 
iron  depend  for  their  antiseptic  power  not  on  the  acid  but  on  the  metallic  base  present;  and 
this  is  probably  the  effective  agent  in  the  copper  sulphate.  Miquel  classed  iron  sulphates 
as  moderately  antiseptic;  finding  that  11  grams  per  liter,  which  is  equivalent  to  1.1  per 
cent,  were  required  to  prevent  the  putrefaction  of  beef  juice — that  is,  to  prevent  the  growth 
of  putrefactive  bacteria  in  a  food  medium.  Certainly  no  such  enormous  proportion  of  iron 
sulphate  (11,000  parts  per  million)  is  ever  present  in  the  river  water. 

The  people  who  have  been  using  this  water  on  the  assumption  that  it  is  free  from  danger- 
ous pollution  have  been  relying  principally  on  the  statement,  made  by  certain  persons  and 
repeated  by  others  without  investigation,  that  sulphuric  acid  is  a  germicide  and  that  there 
is  enough  of  it  in  the  stream  to  purify  the  Youghiogheny  Hiver  water.  In  depending  on 
the  antiseptic  action  of  sulphuric  acid  to  kill  pathogenic  organisms  in  Youghiogheny  River 
water,  the  people  of  McEeesport  and  other  cities  drinking  such  water  are  making  a  mistake 
which  has  cost  many  lives  and  many  thousands  of  dollars  annually. 

PUBLIC  WATER  SUPPLY  AT  PITTSBURG,  PA. 

The  attention  of  sanitarians  has  for  years  been  focussed  on  Pittsburg,  on  account  of  the 
notoriously  high  death  rate  from  typhoid  fever  in  that  city.  The  Pittsburg  Filtration 
Commission  of  1897  so  thoroughly  investigated  the  questions  of  the  pollution  of  the  present 
sources  of  supply  and  of  the  possible  sources  of  pure  water  as  to  make  extended  remark  on 
this  subject  quite  unnecessary  here.  Th^  preceding  discussion  of  the  quality  of  water  and 
drainage  on  both  watersheds  supplying  this  city  should  be  sufficient  to  show  the  character 
of  the  supply.  It  is  drawn  directly  from  the  running  streams,  without  attempt  at  purifi- 
cation, to  reservoirs  too  small  to  permit  sedimentation  for  periods  longer  than  a  few  days, 
after  which  the  water  enters  the  mains.  The  Filtration  Commission  showed  the  necessity 
for  immediate  and  thorough  filtration  of  the  water  if  the  typhoid  death  rate  is  to  be  in  any 
great  degree  diminished,  taking  up  the  Allegheny  River  watershed  in  detail. 

The  filtration  plant  now  in  course  of  erection  under  the  superintendence  of  Mr.  Morris 
Enowles  contemplates  the  use  of  Allegheny  River  water  after  sand  filtration  of  the  most 
thorough  description.  The  plant  is  located  on  the  river  at  Aspinwall,  about  5  miles  north  of 
Pittsbuiig,  nearly  opposite  the  Brilliant  pumping  station.  The  new  pumps  on  the  Aspin- 
wall side  will  pump  the  river  water  into  sedimentation  basins,  two  in  numl^er,  at  the  upper 
edge  of  the  site,  whence  the  somewhat  clarified  water  will  enter  the  central  chamber  and 
proceed  to  the  filter  beds,  of  which  there  will  be  50  or  more,  as  the  needs  of  the  town  may 
require.  Although  some  difficulty  is  being  encountered  with  soft  ground,  necessitating  the 
driving  of  concrete  piles,  and  with  the  building  out  of  the  river  bank,  for  which  gravel  is 
being  dredged  from  the  river,  the  bank  being  faced  with  firmly  anchored  concrete  blocks, 
the  work  is  proceeding  rapidly,  a  few  of  the  filter  units  being  already  finished.  PI.  IV 
shows  sections  of  the  work  under  way.  The  vaulting  and  floors  of  the  filter  beds  are  of 
standard  construction  in  essential  features.  A  noteworthy  detail  is  the  filter  gallery 
between  beds,  a  concrete  passage  where  the  purified  water  as  it  leaves  the  filters  will  be 
caught  and  carried  toward  the  river,  where  it  will  be  taken  up  by^  the  Brilliant  pumps  and 
drawn  across  the  stream.  The  line  in  the  bed  of  the  stream  is  in  process  of  construction,  a 
cofferdam  being  built  out  from  the  ends  of  the  pure-water  pipes  to  the  Brilliant  side.  On 
the  Aspinwall  side  the  two  pure-water  pipes  have  been  so  constricted  as  to  form  two  huge 
Venturi  meters  for  the  measurement  of  the  pure  water  supplied  from  the  filters.  The  view 
of  the  main  conduit  running  along  the  upper  side  of  the  beds  shows  a  small  portion  com- 
pleted and  the  grade  blocks  set  ready  for  further  construction.    When  completed  the  plant 


a  Jour.  New  England  W.  W.  Aspdo.,  1905. 
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should  be  one  of  the  fiaest  in  America,  and  will  probably  add  a  very  important  chapter  to 
the  history  of  decrease  in  typhoid  fever  with  filtration  of  a  polluted  supply. 

The  quality  of  these  river  waters  at  Pittsburg  is  shown  by  the  field  assays  of  the  two 
streams  and  of  Ohio  River  below  their  confluence: 

Field  assays  ofwaier  ai  Pittsburg. 
[Parts  per  million.] 


Determination. 


Allegheny 

River  at 

Pittsburg. 


Mononga- 

.  hela 

River  at 

Pittsburg. 


Mononga- 

hela 

River  at 

Carnegie 

(tap). 


Ohir 
River  »: 

Flitsbcirc. 


Turbidity  (SlOj) 

Color 

Iron  (Fc) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs) 

Alkalinity 

Sulphates  (SOs) 

Chlorides  (CI) 


0 

106 

1 

42 
26.5 
61.4 
al5 
10.7 


70 
1.5 
65 
61 
23 
84 
16 


Cloudy. 

35 

1.5 

90 

85 

22.6 
83 
10.3 


55 

122 

2 

56 

61 

47.4 

36 


o  Estimated. 

It  is  notable  that  though  the  two  Monongahela  samples  are  practically  identical  in  in^ 
sulphur  trioxide,  and  alkalinity  contents,  the  three  factors  which  best  show  tbe  effect  d 
mine  drainage,  the  Carnegie  water  has  a  little  more  calcium,  with  a  consequent  increaw  in 
total  hardness.  This  is  probably  due  in  part  to  the  absorption  of  calcium  from  the  resprroi: 
at  Carnegie,  in  part  to  the  possible  admixture  of  limestone  spring  water.  The  South  Pitts- 
burg Water  Company,  which  pumps  from  Monongahela  River,  supplies  the  South  Side, 
several  wards  of  the  city  proper,  and  many  thousands  of  people  along  the  line  out  to 
Carnegie. 

The  turbidities  given  in  the  Allegheny  and  Monongahela  assays  are  only  approximate,  the 
water  being  slightly  cloudy  in  both  cases.  The  turbidity  given  for  the  Ohio  River  water, 
however,  is  the  result  of  careful  measurement  with  the  turbidity  rod,  and  shows  a  significaot 
increase  in  suspended  matter. 

OHIO  RIVER  BASIN    BETWEEN    PITTSBURG,  PA.,  AND  BIG  SANDY 

RIVER.a 

GENEKAL  STATEMENT. 

With  the  sewage  of  half  a  million  people  entering  the  stream,  besides  an  enormous  amount 
of  drainage  from  mills  and  factories,  as  well  as  a  great  quantity  of  material  dumped  into  the 
stream  from  the  numerous  craft  plying  in  the  three  rivers  at  this  point,  Ohio  River  below 
Pittsburg  is  to  all  intents  and  purposes  an  open  sewer.  The  increase  in  color  downstream 
tends  to  strengthen  this  view,  as  does  the  increase  in  iron  content,  though  the  effect  of  tbr 
dilution  by  Allegheny  River  is  to  lessen  the  amount  of  sulphur  trioxide  in  the  water.  Tb- 
calcium  content  is  practically  an  average  of  that  of  the  two  streams.  The  chlorides  are  s»' 
much  higher  than  those  of  either  the  Allegheny  or  the  Monongahela  that  they  are  undouU- 
edly  traceable  in  part  to  the  enormous  sewage  contamination.  Bearing  in  mind  the  coo- 
clusions  already  reached  with  respect  to  the  quick-spilling  character  of  these  watersheds  acd 
as  to  the  massing  of  population  near  the  mouth  of  the  stream,  we  may  say  that  the  Ail— 
gheny  above  Pittsburg  is  as  highly  infected  as  if  100,000  people  were  massed  at  that  point, 
and  that  the  Monongahela  is  as  badly  contaminated  as  if  there  were  a  similar  numl>e: 
located  on  its  course  immediately  above  Pittsburg.    The  population  of  Pittsburg  beii^  &: 


o  Pollution  on  tributaries  of  Ohio  River  in  Ohio  is  discussed  in  Water-Sup.  and  Irr.  Paper  No.  79,  C  S- 
Gool.  Survey,  pp.  129-187. 
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least  300,000  it  may  safely  be  said  that  Ohio  River  below  Pittsburg  is  contaminated  by  the 
sewage  of  at  least  500,000  people,  which  enters  the  stream  untreated,  carrying  with  it 
contamination  from  thousands  of  typhoid-fever  cases,  of  a  virulence,  shown  by  the  tables 
of  death  rate  from  this  disease  given  above.  Any  water  drawn  from  the  Ohio  at  this  point 
must  be  purified  to  a  high  degree  in  order  to  be  safe  for  drinking.  The  only  sense  of  safety 
in  communities  using  this  water  is  derived  from  the  belief  that  there  is  a  tendency  in  polluted 
waters  toward  the  gradual  death  of  the  disease-producing  oi^anisms  it  contains — a  belief 
that  is  firmly  entrenched  in  the  popular  mind.  The  tendency  is  noi  always  in  this  direc- 
tion, the  supposition  that  common  water  bacteria  are  more  tenacious  of  life  in  infected 
water  than  the  pathogenic  oi^anisms  having  been  shown  by  some  workers  to  be  unfounded. 
Konradi  a  has  shown  that  far  from  being  unfavorable  to  their  growth,  w&ter  is  an  excel- 
lent medium  for  the  culture  of  many  disease-producing  bacteria,  and  that  in  the  long 
run  it  is  they  which  survive  over  the  water  bacteria.  The  work  of  Mez  b  showed  that 
these  organisms  live  longer  in  sterilized  than  in  dirty  water,  and  that  therefore  pure  drink- 
ing water  once  infected  is  more  dangerous  than  foul  water,  a  conclusion  in  line  with  the  find- 
ings of  Frankland  and  Klein,  previously  quoted.  From  this  statement  as  a  beginning, 
Konradi  proceeded  to  experiment  with  the  anthrax  baciUus  and  its  spores,  Sta'phyloeoccus 
pyogenes  aureuSy  the  organism  of  pus,  and  the  typhoid  bacillus,  all  of  the  highest  importance 
in  this  connection.  He  found  that  the  ordinary  water  bacteria  multiplied  greatly  for  a  time 
after  the  introduction  of  the  pathogenic  organisms,  and  then  began  to  die  out,  and  that  after 
varying  periods,  the  foul  water,  being  kept  at  room  temperature,  was  found  to  contain  pure 
cultures  of  the  disease-producing  oiganisms,  which  retained  full  virulence  up  to  complete 
evaporation.  For  the  anthrax  bacillus  and  its  spores  the  period  of  life  varied  from  264  to 
816  days,  the  water  bacteria  in  the  medium  having  completely  disappeared  after  three  or  four 
weeks.  The  pus  organism  was  found  in  pure  culture  after  two  months,  and  retained  its 
virulence  for  508  days.  The  bacillus  of  typhoid  fever  showed  a  similar  power  of  conquering 
the  water  bacteria,  which  lived  in  the  medium  for  four  months,  at  the  end  of  which  time 
the  baciUus  typhosus  was  in  pure  culture,  living  in  ordinary  tap  water  at  room  tem- 
perature for  499  days.  What  more  evidence  is  needed  of  the  ability  of  the  organisms  of 
water-borne  disease  to  poison  a  water  as  far  as  drinking  purposes  are  concerned  for  a  long 
time,  admitting  the  pollution  to  cease,  instead  of  continuing  hourly  as  in  the  cases  under 
consideration?  Even  sterilized  water  is  found  to  allow  the  growth  of  anthrax  and  typhoid 
bacilli;  though  not  of  the  pus  micrococci. 

It  remains  only  to  correlate  these  facts  with  the  long-admitted  disease-transmitting 
properties  of  water  to  make  it  clear  that  cities  on  the  Ohio  River  immediately  below  Pitts- 
burg might  as  well  mix  a  well-known  poison  with  pure  water  and  drink  it  as  use  the 
river  water  without  purification.  "Among  the  carriers  of  virus,  water  is,  according  to 
the  present  state  of  our  knowledge,  by  far  the  most  important." c  "Not  only  is  typhoid 
one  of  the  leading  causes  of  death  in  America,  but  the  greater  part  of  it  is  conveyed  directly 
or  indirectly  through  water,  "d  This  fact  has  been  so  long  established  not  only  by  scien- 
tific woikers  in  the  laboratory,  but  by  long  and  costly  epidemics,  all  traceable  to  the  pol- 
lution of  city  suppUes  by  typhoid-fever  dejecta,  that  it  is  unnecessary  to  go  further  into 
that  question.  The  fact  is  clear  that  the  water  of  Oliio  River  below  Pittsburg  contains 
so  large  a  number  of  pathogenic  bacteria  as  absolutely  to  prohibit  its  use  for  drinking 
in  the  raw  state. 

CHARTIERS  CREEK. 

WcLtMngton,  Pa, — ^The  first  important  tributary  stream  below  Pittsburg  is  Chartiers 
Creek,  which  receives  the  drainage  of  Washington,  Pa.  (population  about  12,000).  The 
water  supply  of  this  town  is  obtained  from  filter  wells  on  the  banks  of  Chartiers  Creek, 
mixed  at  times  with  spring  water  from  gravity  sources.    The  position  of  the  wells  seems 

a  Central blatt  fQr  Bakt..  36,  May  28. 1904. 

fr  Mikroskopische  Wasser  Analyse.  189S. 

eCurschman,  H.,  Typhoid  Fever  and  Typhus  Fever,  Philadelphia,  1901. 

d  Baker,  M.  N.,  Mumcipal  Engineering  and  Sanitation,  New  York,  1902. 
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to  indicate  that  thoy  are  drawing  largely  on  ground  water  on  its  way  to  the  stream  auc 
not  from  the  creek  itself.  That  this  is  not  sufficient  protection  is  shown  by  the  very  h.d 
mortality  rate  for  1902. 

Typhoid  mortcHiiy  at  Washington,  Pa. 


Year. 

Total 
deaths. 

Typhoid    TrpJm: 
cases.       dealt- 

1895 

75 
110 
158 

4 

1900 

42 
61 

1902 

14 

Without  fuller  data  it  is  not  possible  to  speak  with  certainty  of  this  supply.  It  certairk 
is  of  doubtful  quality.     A  field  assay  is  given  below. 

Canonshurg,  Pa.— ^anonsburg  (population  3,000),  below  Washington,  on  the  same  cirirk 
has  a  gravity  supply  from  a  spring-filled  reservoir,  supplemented  by  raw  water  from  Cliar- 
tiers  Creek  when  the  water  company  deems  necessary.  The  field  assay  shows  the  prsr- 
tical  identity  of  the  water  with  that  at  Washington,  so  that  it  seems  likely  that  cnA 
water  is  used  much  of  the  time.  The  presence  of  typhoid  infection  in  Washington  sewas^ 
is  undoubted,  and  the  likelihood  of  its  occurrence  in  the  water  supply  of  Canonshurg  fol- 
lows naturally.  The  use  of  Chartiers  Creek  water  raw  is  therefore  ill-advised  and  dan- 
gerous.    No  figures  showing  typhoid  mortality  at  Canonshurg  are  available. 

OHIO  RIVER  FROM  M'DONALD  TO  BEAVER  RIVER. 

McDonald,  Pa. — At  McDonald,  Pa.  (population  3,000),  which  drains  into  Ohio  Rivpr 
above  Sewickley,  there  is  a  mixed  supply  of  a  highly  unsatisfactoiy  character  from  Rac- 
coon Creek  and  from  deep  wells.  The  water  shed  of  Raccoon  Creek  is  not,  so  far  as  knouT3 
guarded  in  any  way,  and  the  tap  water  is  nearly  always  more  or  less  turbid.  The  tit  k 
assay  shows  a  highly  mineralized  product,  the  carbonates  being  largely  due  to  the  veil 
water,  whereas  the  high  turbidity  and  color  show  a  surface  origin  from  swampy  draina^r 
with  inadequate  sedimentation.  It  is  not  considered  a  good  water  for  either  domestic  o: 
industrial  uses  in  its  present  condition. 

Fidd  assays  cfpuUic  supplies  at  Washington,  Canonshurg,  and  McDonald. 

[Parts  per  mlUIon.]  * 


Detormi  nation. 


Washing- 
ton. 

Canons- 
burg, 

0 

«« 

96 

180 

1.5 

Trace. 

107 

110 

130+ 

130+ 

148 

120 

(«) 

a20 

7 

"  1 

McDoD^^'l 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOg) 

Alkalinity 

Sulphates  (SO3) 

Chlorides  (CI) 


1« 

\m 
ic 

13&- 
124 

93 


a  Estimated. 


b  Slight  trace. 


Sevnckley,  Pa. — The  greater  portion  of  the  population  between  Pittsburg  and  Sewiokli  y 
(population  4,000)  is  supplied  by  the  Monongahela  Water  Company,  operating  from  Pitts- 
burg. The  Sewickley  supply  is  derived  partly  by  gravity  from  impounding  re8er\-oiis 
and  partly  from  the  Ohio  River  by  pumping  from  cribs  in  the  stream.  The  few  analy^^ 
of  the  raw  and  the  effluent  water  made  in  1897  for  the  Pittsburg  filtration  commifsioii 
show  very  Httle  bacterial  purification. 
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Analyses  of  public  vxUer  at  Seimckley. 
[Parts  per  million.] 


Date. 


1897. 
Nov.    3 
Nov.    3 
No\ .  22 
Nov.  22 

1898. 
June  27 
Juno  27 


Water  analyzed. 


Raw  water 
Effluent... 
Raw  water 
Effluent... 

Raw  water 
Effluent... 


Turbidity. 


Slight 
Clear. 
Slight 
Slight 

Slight 
Slight 


monia. 


0.110 
.325 
.210 
.060 

.138 
.140 


0.016 
.018 
.024 
.014 

.046 
.040 


Nitrites, 


None. 
None. 
None. 
None. 

None. 
None. 


Nitrates. 


0.750 

1.500 

.525 

.600 


.525 
.600 


cMr^wir,^    Bacteria 
Chlorine.)  ^^  ^  ^ 


53.6 

23,400 

37.4 

910 

20.2 

54,000 

23.4 

0,500 

24.0 

15,500 

27.8 

14,100 

The  figures  for  1898  show  that  the  degree  of  purification  by  this  crib  is  uncertain  and 
unreliable,  and  that  the  water  supply  from  this  source  is  not  safe  for  domestic  puqx)6es. 
Typhoid-fever  statistics  confirm  this  view. 

Typhoid-fever  mortality  ai  Seunddey,  Pa. 


Year. 


1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 


Total 
deaths. 

Typhoid 
cases. 

^^r 

38 

a20 

2 

33 

a20 

2 

31 

0 

0 

47 

7 

3 

54 

16 

0 

53 

11 

3 

67 

7 

3 

•19 

10 

2 

42 

17 

1 

The  percentages  of  deaths  by  typhoid  fever  are  very  high,  as  will  be  evident  by  refer- 
ence to  those  of  Olean  and  Salamanca,  N.  Y.,  and  that  of  Bradford,  Pa.  The  percentages 
of  mortality  from  this  disease  at  Allegheny,  Pa.,  a  notorious  hotbed  of  typhoid  fever,  are 
as  follows  for  certain  years: 

Typhoid  mortality  ai  Allegheny,  Pa. 


Year. 


1K94 
1896 

18W7 
1898 
1899 


ToUl      Typhoid 
deaths,     deaths. 


1,962 
1,995 
1,778 
2,036 
2,109 


99 
74 
79 
73 
135 


The  two  places  are  evidently  in  the  same  class,  so  far  as  the  prevalence  of  typhoid  fever  is 
concerned.  Certainly  the  water  supply  of  Sewickley  is  not  lieyond  suspicion.  The  experi- 
ence of  New  Bethlehem,  Pa.  (see  p.  26),  a  town  of  only  half  the  size  of  Sewickley,  shows 
that  a  filtration  plant  is  not  beyond  the  means  of  tho  latter  if  the  citizens  can  be  aroused  to 
an  appreciation  of  the  loss  annually  suffered  from  this  preventable  disease. 
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Coraopciis,  Freedom ^  and  Monaca. — Besides  Sewiokley  there  are  three  or  four  other  small 
towns  between  Pittsburg  and  Monaca,  where  Beaver  River  discharges  into  the  Ohio.  Cora- 
opolis  (population  3,000),  a  little  above  Sewickley,  also  pumps  from  a  crib  in  the  river.  Tbe 
quality  of  this  supply  is  evident  from  the  Sewickley  figures.  Freedom  (population  2,000; 
also  planned  such  a  crib,  but  has  succeeded  in  making  arrangements  with  the  filtratioD 
plant  at  Beaver  Falls  for  a  supply.  Monaca  (population  3,000)  pumps  its  supply  from  deep 
wells  in  the  gravel  on  the  beach  of  the  river.    All  these  places  sewer  into  the  Ohio. 

BEAVER  RIVER  BASIN. 

8HENANGO  BIVEB. 

OreenviUe,  Pa. — Near  the  head  of  Shenango  River,  one  of  the  tributaries  of  the  Beaver,  is 
the  town  of  Greenville  (population  about  5,000).  Its  water  supply  is  obtained  by  gravity 
from  a  spring-fed  reservoir  holding  about  8,000,000  gallons.  The  daily  consumption  is  about 
1,000,000  gallons.  In  case  of  shortage  the  Little  Shenango  is  pumped  raw.  This  is  a  pol- 
luted stream  and  should  not  be  used  for  drinking  purposes  without  purification.  The  field 
assay  (p.  83)  shows  that  the  water  strikingly  resembles  those  of  French  and  Oil  creeks.  Ar- 
rangements should  be  made  either  for  filtering  the  river  water  or  for  adding  to  the  present 
storage  capacity.  Hardly  any  typhoid  statistics  are  available  for  Greenville.  In  18^ 
there  were  7  cases  and  1  death;  in  1895  there  were  15  cases  and  1  death,  enough  to  show 
that  the  cases  were  probably  not  isolated  importations.  The  town  sewage  discharges 
into  the  creek. 

SharoUf  Pa. — About  20  miles  down  the  Shenango  is  Sharon,  with  a  population  of  about 
10,000.  The  city  water  supply  is  derived  from  the  river,  the  water  being  purified  by 
mechanical  filters,  privately  operated  (see  assay  on  p.  83).  The  plant  consists  of  four  bu]^ 
sedimentation  tanks  and  eight  filter  units,  the  whole  having  a  capacity  of  1,700,000  gallons 
per  day  of  fourteen  hours.  During  the  dayi.he  filtered  water  is  pumped  into  the  mains, 
whatever  water  is  not  used  at  the  taps  flowing  into  a  2,000,000-gallon  storage  resenoir. 
The  field  assay  shows  that  the  efiluent  from  the  filters  is  very  similar  to  tbe  raw  water  &t 
Greenville. 

The  efficiency  of  mechanical  filters  is  a  matter  of  grave  interest  to  many  municipalities  in 
this  region,  because'of  the  very  turbid  condition  of  the  stream  waters.  Although  mechan- 
ical filtration  has  been  practiced  in  this  country  for  only  a  few  years,  it  is  veiy  well  under- 
stood that  only  by  the  coagulating  processes  in  use  as  a  preliminary  to  mechanical  filtration 
can  muddy  waters  be  successfully  handled  day  by  day.  Even  if  the  small  towns  In  this 
section  could  afford  to  install  costly  systems  of  slow  sand  filtration,  it  is  probable  that  tbe 
high  turbidities  would  soon  so  clog  the  filters  as  to  make  their  operation  very  unsatisfactoiy. 
As  the  muddy  stream  waters  are  in  this  section  the  natural  source  of  supply — at  some  places 
the  only  one — water  purification  has  here  developed  largely  along  the  lines  of  mechanical 
filtration. 

When  efficiently  operated,  with  due  study  of  the  chemical  nature  of  the  water  treated 
in  each  individual  case,  effluent  water  of  satisfactory  quaUty  can  be  obtained  from  mechan- 
ical filters,  the  bacterial  efficiency  in  many  plants  being  nearly  100  per  cent.  When  results 
are  not  satbfactory  the  cause  of  failure  is  usually  found  either  in  the  inadequacy  of  the  pre- 
liminary coagulation  or  in  the  grade  of  super\^ision  provided.  As  th3  efficiency  of  the  fil- 
ters depends  very  largely  on  the  complete  combination  of  the  suspended  matters  in  tbe 
water  with  the  chemicals  added,  failure  may  be  expected  unless  each  water  is  treated  with 
the  chemicals  best  suited  to  its  composition  and  with  a  sufficient  quantity  of  the  chemicals. 
The  majority  of  the  processes  devised  for  this  purpose  are  in  the  experimental  stage.  Th^ 
devices  in  most  extensive  use  depend  mainly  on  compounds  of  iron  and  aluminum.  Tbe 
processes  depend  upon  the  formation  in  the  water  of  bulky  precipitates  through  the  combi- 
nation of  the  aluminum  or  iron  with  the  carbonates  in  solution.  For  this  reason  it  is  neces- 
sary to  determine  the  alkalinity,  and,  if  necessary,  to  increase  an  alkalinity  naturally  too 
low  to  allow  the  requisite  chemical  combinations.     Ten  or  fifteen  years  ago,  when  the  proc- 
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esses  were  not  clearly  understood,  the  coagulation  basins  were  small  and  the  amount  of 
chemical  added  was  frequently  insufficient,  so  that  a  high  degree  of  coagulation  was  seldom 
realized.  In  this  respect  the  advance  has  been  remarkable,  the  preliminary  treatment 
receiving  careful  study,  so  that  it  is  now  very  satisfactory .  With  the  building  of  laiiger  tanks, 
more  complete  chemical  combinations  are  possible,  so  that  a  muddy  water  is  very  highly 
improved  before  going  to  the  filters  at  all.  Success  depends  so  lai^ely  on  the  even  uninter- 
mpted  flow  of  the  chemical  into  the  tanks  that  improvement  in  these  filters  has  followed 
closely  on  improvement  on  the  design  of  automatic  devices  for  regulating  the  introduction 
of  chemicals. 

The  second  most  common  cause  of  failure  of  these  filters  is  to  be  found  in  the  grade  of 
supervision  provided.  It  would  seem  axiomatic  that  to  install  an  expensive  plant,  designed 
to  give  certain  results  under  carefully  adjusted  conditions,  and  then  to  hire  an  incompetent 
person  to  operate  it  is  to  make  the  machinery  useless  for  the  purpose  for  which  is  was  de- 
signed. No  business  man  would  be  guilty  of  such  an  absurdity  with  apparatus  costing  him 
the  most  trifling  sum,  yet  such  has  been  the  course  of  action  of  many  municipalities. 

A  most  striking  example  of  the  efficiency  of  mechanical  filtration  of  polluted  surface 
waters  is  furnished  by  the  decrease  in  the  typhoid  fever  mortality  of  Lorain,  Ohio,  with  the 
installation  of  filters.  The  town  is  located  on  the  shore  of  Lake  Erie,  about  midway  between 
Geveland  on  the  east  and  Sandusky  on  the  west,  each  about  being  30  miles  distant.  The 
large  amount  of  sewage  that  pours  into  the  lake  from  these  towns  and  others  between  them 
makes  the  raw  water  dangerous  for  a  city  supply  unless  taken  out  at  a  prohibitive  distance 
from  shore  (cf.  Erie,  p.  104).  The  degree  of  healthfulness  of  this  water  supply  before  the 
mtroduction  of  the  filter  plant  is  clearly  shown  by  the  following  figures  showing  mortality 
from  typhoid  fever: 

Deaths  per  100  fiOO  from,  typhoid  fever  at  Lorain,  Ohio,  before  JUtration. 


Year. 

Deaths. 

Year. 

Deaths. 

1889 

44 
20 
67 
53 

1803 

183.3 

1890 

1804 

48.8 

1891 

1805    

131.6 

1802 ..-- 

1896 

S3. 3 

These  figures  show  that  the  supply  ranked  with  the  worst  in  the  country  at  that  time.  In 
1896  and  1897  mechanical  filtration  of  this  water  by  the  Jewell  system  was  resorted  to.  The 
figures  showing  typhoid  fever  mortality  for  the  years  following  this  installation  are  decisive 
as  to  the  efficiency  of  the  process  in  this  instance : 

Deaths  per  lOOjOOOfrom  typhoid  fever  at  Lorain,  Ohio,  after  filtration. 


Year. 

Deaths. 

Year. 

Deaths. 

1897.  ..            .- 

24.4 
21.2 
24.2 

1900 

11.6 

1898 

1901 

6.5 

1899 

1902 

26.3 

The  present  mortality  rate  is  as  low  as  that  of  towns  having  carefully  guarded  surface 
supplies,  and  the  filtration  plant,  judged  by  its  practical  results,  is  all  that  could  be  desired. 

A  chapter  of  important  evidence  is  furnished  by  the  rise  in  these  figures  when,  in  1903, 
repairs  to  the  plant  made  the  use  of  raw  lake  water  necessary  for  a  brief  period.  For  the 
first  seven  months  of  the  year,  the  filter  being  then  in  use,  there  was  not  a  single  death  from 
typhoid  fever  in  the  city;  after  the  unfiltered  water  was  turned  in,  although  notices  to  the 


80 


\^ATER   IN    UPPER   OHIO    BASIN   AND   AT   ERIE,  PA. 


public  had  been  printed  in  the  local  papers,  the  death  rate  from  this  disease  from  August  to 
November,  inclusive,  rose  to  180  per  hundred  thousand,  dropping  to  60  per  hundred  thou- 
sand in  December  and  practically  disappearing  soon  after  the  raw  water  was  shut  off .<>  It 
is  hardly  possible  to  get  a  clearer  demonstration  of  the  value  of  such  a  system  in  safeguard- 
ing the  public  health.  It  may  be  said  positively  that  no  public  supply  in  this  section  should 
be  taken  from  surface  waters  without  filtration.  The  population  is  too  dense  to  permit  of 
the  segregation  of  drainage  areas  except  at  a  prohibitive  cost,  and  some  of  the  cities  aiP  too 
large  to  be  supplied  by  spring  waters  without  extensive  segregation.  Accordinglj  it  u 
found  that  the  largest  towns  have  installed  filtration  systems  similar  to  that  at  Sharon. 

Typhoid-fever  statistics  for  Sharon  are  too  few  to  establish  anything  except  the  presence 
of  the  disease  in  the  years  given.  In  1894  there  were  13  cases  and  3  deaths;  in  1898,  Ir) 
ciises  and  2  deaths — that  is,  about  the  same  as  Sewickley,  though  Sharon  has  three  times  the 
latter's  population. 

NE8HANNOCK   CREEK. 


Mercer f  Pa. — At  Newcastle  Beaver  River  receives  the  waters  of  Neshannock  Creek,  carry- 
ing the  drainage  of  a  number  of  small  towns.  Chief  of  these  is  Mercer  (population  2.000  . 
about  25  miles  above  Newcastle.  The  public  supply  is  pumped  from  Otter  Creek  to  a 
mechanical  filter.  A  field  assay  is  given  on  page  83.  The  high  color  of  this  water  may  be 
due  to  drainage  from  the  Half-moon  Swamp  at  the  head  of  the  creek.  The  drainage  area  of 
the  stream  is  sparsely  inhabited,  but  there  is  sufficient  pollution  to  make  filtration  necessary. 
There  is  little  public  interest  in  the  question  of  water  supply. 

Newcastle,  Pa. — Newcastle  (population  35,000),  a  large  manufacturing  town,  has  a  mechan- 
ical filter  plant.  The  water  is  pumped  from  Neshannock  Creek  to  large  sedimentation  tanks, 
thence  to  8  filter  units.  The  plant  appears  to  be  efficiently  conducted.  The  foUowins 
analyses  of  raw  and  filtered  water  at  this  place  were  made  by  Dr.  F.  E.  Witherell  for  the 
American  Waterworks  and  Guarantee  Company,  which  controls  this  plant  and  numerous 
others.    They  are  furnished  through  the  kindness  of  that  corporation. 

Analyses  of  raw  andJUtered  water  from  Newcastle ,  Pa.^ 


Date. 


1902. 


Mayl 

May2 

May3 

May  4 

Mays 

May6 

May? 

Mays 

May9 

May  10 

May  11 

May  12 

May  13 

May  14 

May  15 

May  16 

May  17 

May  18 

a  Eiij?inot»nng  News,  1894. 


Bacteria  per  cubic 
centimeter. 

Effi- 
ciency. 

Colon  1>iicillus.r 

Raw 
water. 

Filtered 
water. 

Raw     1  Filtered 
water.    ■    water. 

760 

36 
38 
30 
19 
41 
.      43 
38 
35 
28 
30 
24 
22 
32 
40 
33 
33 
34 

Percent. 
95 
95 
95 
97 
94 
96 
95 
93 
93 
95 
94 
94 
95 
93 
94 

94.6 
95 
93 
c+po 

1 

740 

670 

t 

710 

1 

720 

980 

770 

530 

420 

630 

420 

370 

610 

560 

550 

600 

1 

610 

530  1             37 

y  Docto  -  Witherell 

sltive;  -negBtive. 
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Analyses  of  raw  andJUtered  water  from  NevycastLe^  Pa. — CoDtinued. 


Date. 


1902. 


May  19.. 
May  20.. 
May  21., 
May  22.. 
June  1.. 

Do.. 
June  2.. 

Do.. 

Do.. 
Junes.. 

Do.. 

Do.. 

Do.. 
June  26. 
June  29. 
July2... 
July  4... 
JulyC... 


1903. 


Aug.  15- 
Aug.  22. 
Aug.  27. 
Sept.  1.. 
Sept.  4.. 


1904. 


Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Dec. 
Dec. 
Dec. 


10. 


22., 
23-. 
24.. 
25.. 
26.. 
27.. 
29.. 
30.. 
31-. 
10- 
26.. 
28.. 
31.- 


Bacteria  per  cubic 
centimeter. 

Effi- 
ciency. 

Colon  bacillus. 

Haw       Filtered 
water.       water. 

Raw 
water. 

Filtered 
water. 

1 

Per  cent. 

470                23 

95 
94 
94 
96 
96.5 

770                48 

730               41 

550 

21 
70 

; 

2,000 

+ 

— 

1,200 

40 

97 

+ 

+ 

1,100 

37 

97 

+ 

- 

1,400 

80 

94 

+ 

+ 

900 

54 

94 

+ 

+ 

1,200 

36 

97 

+ 

- 

600 

68 

89 

+ 

+ 

1,060 

44 

96 

+ 

+  ? 

1,100 

42 

96 

+ 

- 

45,000 
15,000 
12,000 
24,000 
8,500 

1,205 

112 

99.75 

+ 

127 

99.2 

86 

90.3 

_ 

93 

99.6 

93 

99.9 

20 

98.3 

2,600 

74 

97 

+ 

~ 

9,000 

85 

99.1 

+ 

- 

2,300 

35 

98,5 

+ 

- 

8,000 

27 

99.7 

+ 

"" 

1,260 

20 

98.4 

+ 

_ 

'780 

23 

97 

+ 

- 

1,620 

21 

98.6 

+ 

- 

2,800 

10 

99.6 

+ 

- 

3,200 

15 

99.6 

+ 

- 

4,200 

18 

99.6 

+ 

- 

3,320 

5 

99.8 

+ 

- 

4,800 

25 

99.5 

+ 

- 

3,130 

10 

99.7 

- 

- 

6,200 

38 

99.4 

+ 

- 

4,200 

8 

99.8 

+ 

- 

3,720 

29 

99.2 

+ 

— 

3,120 

43 

98.9 

+ 

- 

3,010 

55 

98.2 

+ 

- 

2,760 

2 

99.99 

+ 

- 

'        5,100 

3 

99.94 

+ 

- 

6,600 

8 

99.9 

4- 

- 

6,400 

3 

99.95 

+ 

- 

3,900 

2 

99.95 

+ 

- 

3,000 

3 

99.9 

+ 

- 

1        3,800 

3 

99.92 

4- 

— 

1        2,500 

5 

99.8 

+ 

- 

2,000 

15 

99.3 

+ 

- 

1       15,000 

71 

99.5 

+ 

— 

'      21,500 

450 

98 

+ 

- 
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Analyses  of  raw  and  filtered  water  from  NevDcastUj  Pa. — Continued. 


Date. 


1905. 

Jan.5 

Jan.6 

Jan. 7 

Jan.9 

Jan.  11 

Jan.  12 

Jan.  13 

Jan.  17 

Jan  19 

Jan.  24 


Racteria  per  cubic 
centimeter. 

Raw       Fllterod 
water.       water. 

KflB- 
ciency. 

Per  cent. 

4,760 

54 

99 

4,250 

35 

99.2 

3,950 

21 

99.5 

7,210 

12 

99.8 

3,100 

6 

99.8 

2,800 

2 

99.93 

5,220 

9 

99.9 

12,000 

72 

99.4 

15,200 

12 

99.92 

5,600 

20 

99.6 

Colon  bacillu5 


Raw        Filiemi 
water.        wdt»r 


+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 


The  percentages  of  efficiency  are  calculated  from  the  figures  given  and  show  marked 
improvement  since  1902.  For  May  of  that  year  the  efficiencies  are  low,  averaging  94.5  per 
cent.  For  a  water  so  grossly  polluted  as  the  Ncshannock  such  an  efficiency  is  not  high 
enough  to  assure  a  reasonable  immunity  from  disease,  and  the  condition  is  reflected  in  tb<> 
high  typhoid-fever  death  rate  for  1902,  shown  in  the  table  below.  For  June,  1902,  the  aver- 
age efficiency  was  95.9  per  cent,  also  a  low  figure.  The  figures  for  July  show  improvement  if 
they  represent  average  conditions.  For  1903  the  few  figures  given  show  an  average  ef^- 
ciency  of  98.5  per  cent,  which  is  much  more  satisfactory.  The  typhoid  mortality  in  thai  year 
was  so  high  as  to  suggest  that  at  other  seasons  of  the  year  the  filters  were  not  working  so  well. 
For  1904  the  figures  are  fuller  and  show  a  percentage  efficiency  averaging  99i  per  cent. 
reflected  in  the  50  per  cent  decrease  in  typhoid  deaths  for  1904.  The  figures  for  1905,  so  far 
as  they  go,  seem  toishow  that  this  high  standard  is  being  kept  up;  altogether  the  plant  it 
Newcastle  may  be  considered  to  be  doing  very  good  work  at  the  present  time. 

In  the  foregoing  table  it  .is  noteworthy  that  the  colon  bacillus  was  positively  identi6ed 
in  the  raw  water  in  nearly  every  case  where  the  test  was  made,  and  in  the  Gltered  wat<'r 
during  1902.  Since  then  the  results  have  been  negative.  Doctor  Witherell  made  the  fol- 
lowing statement  in  a  letter  dated  November  17,  1905: 

The  tests  made  for  B.  coli  communis  were  as  follows:  For  the  first  inoculation  a  glucose  neutral  r^ 
bouillon  is  used,  made  up  of— 

1,000  cubic  centimeters  distilled  or  soft  water. 
5  grams  beef  extract  (Liebig's). 
20  grams  Witte's  peptone. 
A  gram  Grubler's  neutral  red. 
20  grams  grape  glucose. 
1  gram  sodium  taurochoiate. 
Reaction  is  +1,  Fuller's  scale.    The  broth  is  inoculated  with  jia,  ^,  1, 5,  and  10  cubic  centimeter  wawr 
samples  and  incubated  24  to  30  hours  at  104°  F.    If  the  presumptive  test  is  positive— that  is,  if  30  to  7«' 
per  cent  of  gas  Is  formed,  approximately  one-third  being  carbon  dioxide,  with  the  medium  strongly  dol 
to  litmus,  andthe  neutral  red  changed  to  canary  yellow  with  green  fluorescence— samples  are  plated  ini  • 
gelatin  stab,  agar  streak,  milk,  potato,  nitrates,  Dunham's  solution,  and  confirmatory  results  arelookeij 
for. 
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The  typhoid  statistics  below  are  from  the  reports  of  the  Peunsylvania  State  board  of 
health,  except  for  the  years  1903,  1904,  and  1905. 

Typhoid  mortality  at  Newcasile,  Pa. 


Year. 


1895. 
1897. 

1898. 
1S99. 
1900. 
1901. 
1902. 

1903  a 

1904  a 
190oa 


Popula- 
tion. 


Deaths. 


iRate 
100, 


:cper 
1,000. 


m 

19,600 

16 

21,000 

13 

62 

24,000 

6 

25 

26,000 

29 

112 

28,3S0 

36 

127 

30,000 

10 

33 

32,000 

39 

122 

34,000 

34 

100 

35,000 

18 

51 

36,000 

11 

630.6 

a  Furnished  by  C.  C.  Honne,  health  officer  of  Newcastle." 
6  Up  to  Nov  11,  1905. 

The  figures  showing  population  are  roughly  estimated  from  those  for  the  census  years  1890 
and  1900.  The  estimates  are  only  approximately  correct,  but  are  probably  not  far  from  the 
truth.  As  the  number  of  cases  is  not  obtainable  for  some  years,  the  rate  is  calculated  per 
100,000  of  population. 

The  field  assays  of  this  water  show  a  very  low  alkalinity,  probably  due  to  acid  drainage 
from  manufacturing  establishments  on  the  stream.  This  is  visible  in  the  sulphalo  content 
also.     The  water  is  of  fair  quality  for  domestic  purposes. 

Field  assays  of  public  supplies  in  Shenango  River  and  Neshannock  Creek  basins. 
[Parts  per  million.] 


Determination. 


Turbidity 

Color , 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOa) 

Alkalinity 

Sulphates  (SO») 

Chlorides  (CI) 


Greenville. 

Sharon. 

0 

0 

106 

122 

1 

.5 

42 

44 

47 

47 

43 

.   49 

fl5 

a  10 

5.6 

11.2 

Mercer.      Newcastle. 


0 
122 

.5 
43 
42 
49 
0 
9.7 


0 
35 
Trace. 
76 
61 
26 
41 

9 


a  Estimated. 


CONNOQUENE8SING   CREEK. 


About  15  miles  below  Newcastle  Connoqucnessing  Creek  enters  the  Beaver  near  Ellwood 
City.  The  most  important  places  in  its  drainage  area  arc  Butler,  Grove  City,  Evans  City, 
and  Ellwood  City. 

Butler,  Pa. — Butler  (population  10,000),  near  the  headwaters  of  Connoqucnessing  (Veek, 
is  well  known  to  sanitarians  for  a  noteworthy  epidemic  of  typhoid  fever  occurring  there  a 
few  years  ago,  caused  by  defects  in  the  operation  of  the  filters.  The  epidemic  has  Ix^en  fully 
discussed  by  leading  sanitarians,  and  in  this  place  it  is  sufficient  to  remark  that  conclusive 
evidence  was  afforded  by  the  costly  experience  of  this  period  that  the  raw  creek  water  was 
highly  dangerous  for  drinking,  and  that  constant  vigilance  in  the  operation  of  the  filters  is 
necessary  to  assure  safety.  The  plant  is  now  operated  by  the  American  Waterworks  and 
Guarantee  Company.  Frequent  bacterial  analyses  are  made  by  Doctor  Witherell,  the  coli 
tests  being  mad«  aa  at  Newcastle,  except  for  the  omission  of  the  taurocholic  acid  control. 
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The  Butler  supply  (see  assay  below)  is  undoubtedly  the  best  of  those  examined  in  :l 
Connoquencssing  Creek  drainage,  as  it  contains  far  less  mineral  impurity  than  anj  otht-r. 

Evans  City,  Pa. — Evans  City  (population  1,200)  is  situated  on  Breakneck  Creek,  a  irit  i- 
tary  of  Connoquenessing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  resen<-: 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  grmird 
water.    This  water  probably  contains  calcium  chloride  and  would  corrode  boiler  tubes. 

Field  assays  of  public  supplies  in  Connoquenessing  Creek  basin. 
[  Parts  per  million.] 


Detennination. 


Grove      Ellwood     T>,,.i-,r    '    *^''» 
City.         City.       ^"**^'^-       fV: 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOj) . 

AlkaUnity 

Sulphates  (SOa) 

Chlorides  (CI) 


0 
35 
2.7 
119 
130+ 
201 
as 
23 


a20 
140 
1. 
67 
66 
4D 
a20 
27 


0 

«! 

0  i 
28! 

39 
40  I 
as  I 
19  ' 


a  Estimateil. 

Grove  City,  Pa. — Grove  City  (population  1,600)  is  situated  on  Wolf  Creek,  one  of  the  ht•a^l- 
water  streams  of  Slippery  Rock  Creek,  the  most  important  tributary  of  Connoquenvs>:.-: 
Creek.  Its  water  supply  is  pumped  from  a  200-foot  driven  well  to  a  standpipe.  Tht*  iu.c 
assay  (above)  sliows  the  water  to  be  of  a  fair  quality  for  a  ground  water,  although  it  is  harJ 
and  contains  a  little  more  iron  than  usual.  It  gives  satisfaction  for  drinking  purpose-?*,  i>ii 
would  be  wasteful  for  laundry  uses  and  is  so  high  in  incrusting  carbonates  that  it  winilvl 
certainly  incrust  tubes. 

Ellwood  City,  Pa.— Ellwood  City  (population  2,500)  draws  its  water  supply  from  C<>i:- 
noquenessing  Creek.  The  water  is  said  to  be  mechanically  filtered.  Before  entering  tht 
Ellwood  supply  the  creek  receives  the  sewage  of  Butler  (population  10,000),  Evans  City 
(population  1,200),  and  the  two  small  towns  of  Harmony  and  Zelienople.  The  water  i.- 
undoubtedly  too  grossly  polluted  to  be  safe  in  its  raw  state. 

The  traces  of  sulphur  and  iron,  shown  in  the  field  assay  (above),  are  probably  due  to  a 
little  mine  drainage.  The  turbidity  is  higher  than  it  should  be  for  a  filtered  water  and  ca^^- 
grave  doubt  upon  the  efficiency  of  the  process.     The  color  of  the  water  is  also  high. 

It  will  be  clear  from  the  foregoing  data  that  Beaver  River  drains  much  sewage  poll uii^m 
from  this  section  of  western  Pennsylvania.  Filtration  of  this  water  is  absolutely  neccss^rr 
before  it  can  be  safely  used  as  a  public  supply. 

BEAVER   RIVER. 

Beaver  Falls,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  10,00) 
At  this  point  the  supply  was  until  1900  obtained  directly  from  the  river  without  purification. 
The  result  of  the  use  of  such  water  is  indicated  by  the  following  figures  showing  the  typboid- 
fever  mortality,  which  is  among  the  highest  in  the  country: 

Typhoid  mortality  at  Beaver  Falls,  Pa. 


Your. 


ToUl 
deaths. 


1896. 
IS*)?. 

ifm. 

ISOO. 
IfKX). 


134 
128 
138 
169 


Typhoid 


28 
105 
80 
27 
22 


Typh..i-i 
dfatli*. 


Figures  for  later  years  arc  unobtainable. 
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In  1900  mechanical  filters  were  installed,  supplying  Beaver  Falls,  New  Brighton,  Roches- 
tor,  Freedom,  and  other  places.  Four  of  the  filters  are  of  the  Jewell  type,  the  remaining 
four  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  be  efficiently  operated,  and  local 
physicians  speak  well  of  the  decrease  in  the  number  of  typhoid  fever  cases  since  its  installa- 
tion. Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
show  an  average  bacterial  content  as  follows: 

Bacterial  analyses  ofwaier  at  Beaver  Falls ,  Pa.a 
[Bacteria  per  cubic  centimeter.] 


Raw  water. 

Filtered  water. 

ToUl. 

B.  coli. 

Total. 

B.  coli.  i     Efficiency. 

246,850 

195 

29,300 

Per  cent. 
12  !                     94 

o  Data  furnished  by  water  company. 

This  is  a  low  eflBciency  both  for  total  organisms  and  for  bacillus  coli,  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  water  typical  of  the  river  waters  of  this  section.  It  is 
soft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BETWEEN  BEA\rBR  RIVER  AXD  FISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
through  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
eaormous  pollution  in  the  river,  the  water  is  very  commonly  used  as  a  public  supply  in  its 
raw  state.  It  is  evident  from  the  foregoing  discussion  that  the  inevitable  effect  of  such  a 
practice  is  the  sacrifice  of  many  lives  annually,  with  the  additional  waste  of  thousands  of 
dollars  by  the  communities  affected.  Although  West  Virginia  has  laws  on  its  statute 
books  forbidding  stream  p>ollution  under  penalty  of  $5  fine  for  each  offense,  there  is  wanton 
and  wholesale  contamination  of  every  stream  in  the  Stat«.  As  no  typhoid-fever  statistics 
are  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  is  impossible  to  supply  that 
concrete  evidence  of  the  disea.se-producing  quality  of  the  water  which  is  furnished  by  such 
figures.  The  quality  of  these  supplies  will  be  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  those  towns  in  Ohio 
which  take  thsir  supply  from  the  river  unpurified  and  which  have  collected  figures  con- 
cerning this  disease: 

Chester,  W.  Va. — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
in  the  fine  sand  of  the  river  bank.  The  well  is  about  8  feet  in  diameter  and  is  covered  with 
a  brick  and  concrete  dome.  The  pumping  machinery  is  mounted  in  a  larger  well  close  by, 
a  gallery  connecting  the  two.  The  effluent  from  this  plant  is  beautifully  clear  and  spark- 
ling at  all  times,  although  the  river  is  usually  muddy.  There  can  be  no  question,  however, 
that  so  far  as  organic  contamination  is  concerned  no  change  of  importance  occurs  during 
the  natural  filtration  of  this  water.  It  can  not  be  regarded  as  a  safe  supply  for  this  munic- 
ipality, and  if  typhoid-fever  statistics  were  available  the  town  would  probably  be  found 
to  suffer  heavily  from  the  disease.  That  this  is  not  mere  conjecture  is  evident  from  the 
high  typhoid-fever  percentages  for  East  Liverpool,  Ohio,  directly  across  the  river.  This 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  suffering  constantly 
and  heavily  from  typhoid  fever. 
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The  Butler  supply  (see  assay  below)  is  undoubtedly  the  best  of  those  examined  in  :^ 
Connoquenessing  Creek  drainage,  as  it  contains  far  less  mineral  impurity  than  any  olhw. 

Evans  City,  Pa. — Evans  City  (population  1,200)  is  situated  on  Breakneck  Creek,  a  Irft-- 
tary  of  Connoquenessing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  reaerr..- 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  grwri 
water.    This  water  probably  contains  calcium  chloride  and  would  corrode  boiler  tuU*. 

m 

Field  assays  of  public  sapjdies  in  Connoquenessing  Creek  bann. 
[  Parts  per  million.] 


Determination. 


Grove      Ellwood     t»,,-.i^_    '    E^*' 
City.         City.       ^^tier.       ^^^^,. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOs) . 

Alkalinity :. 

Sulphates  (S0«) 

Chlorides  (CI) 


0 
35 
2.7 
119 
130+ 
201 
o5 
23 


a20 
140 
1. 
67 
66 
40 
a20 
27 


0  ' 
43  I 

0 
28  I 

40  1 

19  I 


a  Estimated. 

Grove  City,  Pa. — Grove  City  (population  1,600)  is  situated  on  Wolf  Creek,  one  of  the  ht*i- 
water  streams  of  Slippery  Rock  Creek,  the  most  important  tributary  of  Connoquenes^irsZ 
Creek.  Its  water  supply  is  pumped  from  a  200-foot  driven  well  to  a  standpipo.  The  Iji  -d 
assay  (above)  shows  tlie  water  to  be  of  a  fair  quality  for  a  ground  water,  although  it  is  hari 
and  contains  a  little  more  iron  than  usual.  It  gives  satisfaction  for  drinking  purp<i!Si»s*.  Imi 
would  be  wasteful  for  laundry  uses  and  isso  high  in  incrusting  carbonates  that  it  womL 
certainly  incrust  tubes. 

Ellwood  City,  Pa. — Ellwood  City  (population  2,500)  draws  its  water  supply  from  Con- 
noquenessing Creek.  The  water  is  said  to  be  mechanically  filtered.  Before  entering  tbt 
Ellwood  supply  the  creek  receives  the  sewage  of  Butler  (population  10,000),  Evaos  C\i\ 
(population  1,200),  and  the  two  small  towns  of  Harmony  and  Zelienople.  The  water  is 
undoubtedly  too  grossly  polluted  to  be  safe  in  its  raw  state. 

The  traces  of  sulphur  and  iron,  shown  in  the  field  assay  (above),  are  probably  due  to  & 
little  mine  drainage.  The  turbidity  is  higher  than  it  should  be  for  a  filtered  water  and  cas*js 
grave  doubt  upon  the  efficiency  of  the  process.     The  color  of  the  water  is  also  high. 

It  will  be  clear  from  the  foregoing  data  that  Beaver  River  drains  much  sewage  pollutwn 
from  this  section  of  western  Pennsylvania.  Filtration  of  this  water  is  absolutely  nece^ft^ArT 
before  it  can  be  safely  used  as  a  public  supply. 

BEAVER   RIVER. 

Beaver  Falls,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  10,OOi) 
At  this  point  the  supply  was  until  1900  obtained  directly  from  the  river  without  purification 
The  result  of  the  use  of  such  water  is  indicated  by  the  following  figures  showing  the  typhoid- 
fever  mortality,  which  is  among  the  highest  in  the  country: 

Typhoid  inoriality  at  Beaver  Falls,  Pa. 


Year. 


Total 
deaths. 


189«3. 
1897. 
1898. 
1899. 
1900. 


124 
134 
128 
138 
169 


Typhoid  i  Typh'tJ 
cases.  I    death;!. 


28| 
105  I 
80 
27 


Figures  for  later  years  are  unobtainubk*. 
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Iji  1900  mechanical  filters  were  installed,  supplying  Beaver  Falls,  New  Brighton,  Roches- 
tor,  Freedom,  and  other  places.  Four  of  the  filters  are  of  the  Jewell  type,  the  remaining 
four  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  be  efliciently  operated,  and  local 
physicians  speak  well  of  the  decrease  in  the  number  of  typhoid  fever  cases  since  its  installa- 
tion. Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
show  an  average  bacterial  content  as  follows: 

Bacterial  analyses  ofvxUer  at  Beaver  Falls ^  Pa.a 
[Dacteria  per  cubic  centimeter.] 


Raw  water. 

Filtered  water. 

Total. 

B.  coli. 

Total. 

B.  coli. 

Efficiency. 

246,850 

105 

29,300 

12 

PercerU. 
94 

a  Data,  furnished  by  water  company. 

This  is  a  low  efficiency  both  for  total  organisms  and  for  bacillus  coli.  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  water  typical  of  the  river  waters  of  this  section.  It  is 
soft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BETWEEN  BEAVER  RI\rER  AND  FISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
through  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
eiiomnous  pollution  in  the  river,  the  water  is  very  commonly  used  as  a  public  supply  in  its 
raw  state.  It  is  evident  from  the  foregoing  discussion  that  the  inevitable  effect  of  such  a 
practice  is  the  sacrifice  of  many  lives  annually,  with  the  additional  waste  of  thousands  of 
dollars  by  the  communities  affected.  Although  West  Virginia  has  laws  on  its  statute 
books  forbidding  stream  pollution  under  penalty  of  $5  fine  for  each  offense,  there  is  wanton 
and  wholesale  contamination  of  every  stream  in  the  State.  As  no  typhoid-fever  statistics 
are  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  is  impossible  to  supply  that 
concrete  evidence  of  the  dLsea-se-producing  quality  of  the  water  which  is  furnished  by  such 
fibres.  The  quality  of  these  supplies  will  be  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  those  towns  in  Ohio 
which  take  th?ir  supply  from  the  river  unpurified  and  which  have  collected  figures  con- 
cerning this  disease: 

Chester^  W.  Va. — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
in  the  fine  sand  of  the  river  bank.  The  well  is  about  8  feet  in  diameter  and  is  covered  with 
a  brick  and  concrete  dome.  The  pumping  machinery  is  mounted  in  a  larger  well  close  by, 
a  gallery  connecting  the  two.  The  effluent  from  this  plant  is  beautifully  clear  and  spark- 
ling at  all  times,  although  the  river  is  usually  muddy.  There  can  be  no  question,  however, 
that  so  far  as  organic  contamination  is  concerned  no  change  of  importance  occurs  during 
the  natural  filtration  of  this  water.  It  can  not  be  regarded  as  a  siife  supply  for  this  munic- 
ipality, and  if  typhoid-fever  statistics  were  available  the  town  would  probably  be  found 
to  suffer  heavily  from  the  disease.  That  this  is  not  mere  conjecture  is  evident  from  the 
high  typhoid-fever  percentages  for  East  Liverpool,  Ohio,  directly  across  the  river.  This 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  suffering  constantly 
and  heavily  from  typhoid  fever. 
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The  Butler  supply  (see  assay  below)  is  undoubtedly  the  best  of  those  examined  in  th'- 
Connoquenesaing  Creek  drainage,  as  it  contains  far  less  mineral  impurity  than  any  other. 

Evans  City,  Pa. — Evans  City  (population  1,200)  is  situated  on  Breakneck  Creek,  a  triboi- 
tary  of  Connoquenessing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  resprvnir 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  grouiwl 
water.    This  water  probably  contains  calcium  chloride  and  would  corrode  boiler  tubes. 

Field  assays  of  public  supplies  in  Connoquenessing  Creek  basin. 
[  Parts  per  million.] 


Determination. 


Grove 
City. 

EUwood  ! 
City. 

0 

a20 

35 

140 

2.7 

I 

119 

67 

130+ 

66 

201 

40 

o5 

a2C 

23 

27 

Butler. 


E\;ir5 

City. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCO,) . 

Alkalinity :. 

Sulphates  (SO») 

Chlorides  (CI) 


0 
45 

o| 

28  ■ 
391 
40 
03 
19 


Tr.4*. 


a  Kstimate<l. 

Grove  City,  Pa. — Grove  City  (population  1 ,600)  is  situated  on  Wolf  Creek,  one  of  the  head- 
water streams  of  Slippery  Rock  Creek,  the  most  important  tributary  of  Connoqueness.ii^ 
Creek.  Its  water  supply  is  pumped  from  a  200-foot  driven  well  to  a  standpipe.  The  tV.c 
assay  (above)  shows  the  water  to  be  of  a  fair  quaHty  for  a  ground  water,  although  it  is  hani 
and  contains  a  little  more  iron  than  usual.  It  gives  satisfaction  for  drinking  purposi"?;.  ^>.ir 
would  be  wasteful  for  laundry  uses  and  isso  high  in  incrusting  carbonates  that  it  wnulil 
certainly  incrust  tubes. 

EUwood  City,  Pa. — EUwood  City  (population  2,500)  draws  its  water  supply  from  0>r.- 
noquenessing  Creek.  The  water  is  said  to  be  median icall}'  filtered.  Before  entering  lb- 
EUwood  supply  the  creek  receivers  the  sewage  of  Butler  (population  10,000),  Evans  City 
(population  1,200),  and  the  two  small  towns  of  Harmony  and  Zelienople.  The  water  i> 
undoubtedly  too  grossly  polluted  to  be  safe  in  its  raw  state. 

The  traces  of  sulphur  and  ii"on,  shown  in  the  field  assay  (above),  are  probably  due  t»  & 
little  mine  drainage.  The  turbidity  is  higher  than  it  should  be  for  a  filtered  water  and  cast" 
grave  doubt  upon  the  efficiency  of  the  process.     The  color  of  the  water  is  also  high. 

It  will  be  clear  from  the  foregoing  data  that  Beaver  River  drains  much  sewage  poHu tit >:i 
from  this  section  of  western  Pennsylvania.  Filtration  of  this  water  is  absolutely  nco^-M^n 
before  it  can  he  safely  used  as  a  public  supply. 

BEAVER   RIVER. 

Beaver  Falls,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  lO.O^"^' 
At  this  point  the  supply  was  until  1900  obtained  dircx'tly  from  the  river  without  purifiratioL 
The  result  of  the  use  of  such  water  is  indicated  by  the  following  figures  showing  the  typhoi<i- 
fever  mortulity,  wliich  is  among  the  highest  in  the  country: 

Typhoid  mortality  at  Beaver  Falls,  Pa. 


Yciir. 


1S96. 
1897. 
IS'JS. 

19(K). 


Total 
deaths. 

Typhoid 
cases. 

124 

28 

134 

105 

128 

80 

138 

27 

169 

22 

JeatLv 


Figures  for  later  years  are  unobtuinabU'. 
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In  1900  mechanical  filters  were  installed,  supplying  Beaver  Falls,  New  Brighton,  Roches- 
ter, Freedom,  and  other  places.  Four  of  the  filt^^rs  are  of  the  Jewell  type,  the  remaining 
four  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  be  efficiently  operated,  and  local 
physicians  speak  well  of  the  decrease  in  the  number  of  typhoid  fever  ca.ses  since  its  installa- 
tion. Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
show  an  average  bacterial  content  as  follows: 

Bacterial  analyses  of  water  at  Beaver  Falls ,  Pa,a 
[Bactoria  per  cubic  centimeter.] 


Raw  water.         1 

Filtered  water. 

Total. 

B.coll.     1 

Total. 

B.  coli. 

Efficiency. 

246,850 

195 

29,300 

12 

PerceiU. 
04 

«  Data  furnished  by  water  company. 

This  is  a  low  efficiency  both  for  total  organisms  and  for  bacillus  coli,  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  water  typical  of  the  river  waters  of  this  section.  It  is 
soft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BETWEEN  BEAVER  RIVER  AXD  FISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
through  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
eaornaous  pollution  in  the  river,  the  water  is  very  commonly  used  as  a  public  supply  in  its 
raw  state.  It  is  evident  from  the  foregoing  di.scussion  that  the  inevitable  effect  of  such  a 
practice  is  the  sacrifice  of  many  lives  annually,  with  the  additional  waste  of  thousands  of 
dollars  by  the  communities  affected.  Although  West  Virginia  has  laws  on  it^  statute 
books  forbidding  stream  pollution  under  penalty  of  S5  fine  for  each  offense,  there  is  wanton 
and  wholesale  contamination  of  every  stream  in  the  State.  As  no  t\'phoid-fever  statistics 
are  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  is  impossible  to  supply  that 
concrete  evidence  of  the  disease-producing  quality  of  the  water  which  is  furnished  by  such 
figures.  The  quality  of  these  supplies  will  be  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  those  towns  in  Ohio 
which  take  thsir  supply  from  the  river  unpurified  and  which  have  collected  figures  con- 
cerning this  disease: 

Chester^  W.  Va. — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
in  the  fine  sand  of  the  river  bank.  Tlie  well  is  about  8  feet  in  diameter  and  is  covered  with 
a  brick  and  concrete  dome.  The  pumping  machinery  is  mounted  in  a  lai-ger  well  close  by, 
a  gallery  connecting  the  two.  The  effluent  from  this  plant  is  beautifully  clear  and  .spark- 
ling at  all  times,  although  the  river  is  usually  muddy.  There  can  be  no  question,  however, 
that  so  far  as  organic  contamination  is  concerned  no  change  of  importance  occurs  during 
the  natunxl  filtration  of  this  water.  It  can  not  be  regarded  as  a  safe  supply  for  this  munic- 
ipality, and  if  typhoid-fever  statistics  were  available  the  town  would  probably  be  found 
to  suffer  heavily  from  the  disetusc.  That  this  is  not  mere  conjecture  is  evident  from  the 
high  typhoid-fever  percentages  for  ?"ast  Liverpool,  Ohio,  directly  across  the  river.  This 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  sulTering  constantly 
and  heavily  from  typhoid  fever. 
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The  Butler  supply  (sec  assay  below)  is  undoubtedly  the  best  of  those  examlDcd  in  th« 
Connoquencssing  Creek  drainage,  as  it  contains  far  less  mineral  impurity  than  any  other. 

Evans  Cittj,  Pa. — Evans  City  (population  1,200)  is  situated  on  Breakneck  Creek,  a  tribu- 
tary of  Connoquencssing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  resprv««: 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  ground 
water.    This  water  probably  contains  calcium  chloride  and  would  corrode  boiler  tubea. 

*       . 

Field  assays  of  public  supplies  in  Connoquenessing  Creek  hasin. 

[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCO«) . 

Alkalinity 

Sulphates  (S0>) 

Chlorides  (CI) 


Grove 
City. 

EUwood 
City. 

0 

a20 

35 

110 

2.7 

1. 

119 

67 

130+ 

66 

201 

40 

a5 

a20 

23 

27 

Duller. 


0 

45  ' 
0| 
28  I 
39j 
40 


19  i 


Evi75 

City. 


44 

1 

•>, 

Tnu 


a  Estimated. 

Grove  City,  Pa. — Grove  City  (population  1,600)  is  situated  on  Wolf  Creek,  one  of  the  head- 
water streams  of  Slippery  Rock  Creek,  the  most  important  tributAry  of  Connoquenessing 
Creek.  Its  water  supply  is  pumped  from  a  200-foot  driven  well  to  a  standpipe.  The  ti»  !•- 
assay  (above)  shows  the  water  to  be  of  a  fair  quality  for  a  ground  water,  although  il  is  haru 
and  contains  a  little  more  iron  than  usual.  It  gives  satisfaction  for  drinking  purpose'^,  U:\ 
would  bo  wasteful  for  laundry  uses  and  isso  high  in  incrusting  carbonates  that  it  wou... 
certainly  incrust  tubes. 

EUwood  City,  Pa.— EUwood  City  (population  2,500)  draws  its  water  supply  from  Con- 
noquenessing Creek.  The  water  is  said  to  be  mechanically  filtered.  Before  entering  ll  - 
EUwood  supply  the  creek  receives  the  sewage  of  Butler  (population  10,000),  Evans  C:t;i 
(population  1,200),  and  the  two  small  towns  of  Harmony  and  Zelienople.  The  water  L- 
undoubtedly  too  grossly  polluted  to  be  safe  in  its  raw  state. 

The  traces  of  sulphur  and  iron,  shown  in  the  field  assay  (above),  are  probably  due  to  a 
little  mine  drainage.  The  turbidity  is  higher  than  it  should  be  for  a  filtered  water  and  cast- 
grave  doubt  upon  the  efficiency  of  the  process.     The  color  of  the  water  is  also  high. 

It  will  be  clear  from  the  foregoing  data  that  Beaver  River  drains  much  sewage  polluti>>:i 
from  this  section  of  western  Pennsylvania.  Filtration  of  this  water  is  absolutely  nec<»s%^ri 
before  it  can  bt^  safely  used  as  a  public  supply. 

BEAVER   RIVER. 

Beaver  Falls,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  10,01*' 
At  this  point  the  supply  was  until  1900  obtained  directly  from  the  river  w^ithout  purificatu.i 
The  result  of  the  use  of  such  water  is  indicated  by  the  following  figures  showing  the  typhoid- 
fever  mortality,  which  is  among  the  highest  in  the  country: 

Typhoid  mortality  at  Beaver  Falls,  Pa. 


Year. 


is^)6 

'^' I 

18*« 

im) 

1900 

Figures  for  later  years  arc  unobtainuliJo. 


ToUl 
deaths. 

Typhoid 
ca^es. 

[^J^^ 

'            124 

28 

,           134 

m 

I 

!           128 

so 

138 

27 

* 

169 

22 

r 
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In  1900  mechanical  filters  were  installed,  supplying  Boaver  Falls,  New  Brighton,  Roches- 
ter, Freedom,  and  other  places.  Four  of  the  filt*'rs  are  of  the  Jewell  t^'^pe,  the  remaining 
four  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  be  efficiently  operated,  and  local 
physicians  speak  well  of  the  decrease  in  the  numl)er  of  typhoid  fever  cases  since  iUs  installa- 
tion. Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
show  &n  average  bacterial  content  as  follows: 

Bacterial  analyses  of  water  at  Beaver  Falls  j  Pa,a 
[Bacteria  per  cubic  centimeter.) 


Raw  water.         |                  Filtered  water. 

Total. 

B.coli.     '    Total.    1   B.coll. 

Efficiency. 

246,850 

195         29,300  1             12 

Per  cerU. 
94 

aDattt  furnished  by  water  company. 

This  is  a  low  eflBciency  both  for  total  organisms  and  for  bacillus  coli,  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  wat«r  typical  of  the  river  waters  of  this  section.  It  is 
soft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BETWEEN  HEAVER  RIVER  AXl>  FISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
through  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
eaormous  pollution  in  the  river,  the  water  is  very  commonly  used  as  a  public  supply  in  its 
raw  state.  It  is  evident  from  the  foregoing  discussion  that  the  inevitable  efTect  of  such  a 
practice  is  the  sacrifice  of  many  lives  annually,  with  the  additional  waste  of  thousands  of 
dollars  by  the  communities  affected.  Although  West  Virginia  has  laws  on  its  .statute 
books  forbidding  stream  pollution  under  penalty  of  $5  fine  for  each  offense,  there  is  wanton 
and  wholesale  contamination  of  every  stream  in  the  State.  As  no  typhoid-fever  statistics 
are  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  is  impossible  to  supply  that 
concrete  evidence  of  the  disease-producing  quality  of  the  water  wiiich  is  furnished  by  such 
figures.  The  quality  of  these  supplier  will  be  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  those  towns  in  Ohio 
which  take  thsir  supply  from  the  river  unpurified  and  which  have  collected  figures  con- 
cerning this  disease: 

Chester  J  W.  Va, — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
in  the  fine  sand  of  the  river  bank.  The  well  is  about  8  feet  in  diameter  and  is  covered  with 
a  brick  and  concrete  dome.  The  pumping  machinery  is  mounted  in  a  lai-ger  well  close  by, 
a  gallery  connecting  the  two.  The  effluent  from  this  plant  is  beautifully  clear  and  spark- 
ling at  all  times,  although  the  river  is  usually  muddy.  There  can  be  no  question,  however, 
that  so  far  as  organic  contamination  is  concerned  no  change  of  importance  occurs  during 
the  natural  filtration  of  this  water.  It  can  not  be  regarded  as  a  safe  supply  for  this  munic- 
ipality, and  if  typhoid-fever  statistics  were  available  the  town  would  probably  be  found 
to  suffer  heavily  from  the  disease.  That  this  is  not  mere  conjecture  is  evident  from  the 
high  typhoid-fever  percentages  for  VaxsI  Liver|)<)ol,  Ohio,  directly  across  the  river.  Tliis 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  suffering  constantly 
and  heavily  from  typhoid  fever. 
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The  Butler  supply  (see  assay  below)  is  undoubtedly  the  best  of  those  examiDcd  in  t\st 
Connoqucnessing  Creek  drainage,  as  it  contains  far  less  mineral  impurity  than  any  other. 

Evans  City,  Pa. — Evans  City  (population  1.200)  is  situated  on  Breakneck  Creek,  a  tribu- 
tary of  Connoquenessing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  reservoL- 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  ground 
water.    This  water  probably  contains  calcium  chloride  and  w^ould  corrode  boiler  tubes. 

Fidd  assays  of  public  supplies  in  Connoquenessing  Creek  hasin. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOj) . 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


Grove 
City. 

EUwood 
City. 

Butler. 

0 

a20 

0 

35 

140 

45 

2.7 

1. 

0 

119 

67 

28 

130+ 

66 

39 

201 

40 

40 

05 

"20 

03 

23 

27 

19 

City. 


1 
44 

1 
M 

Tree  . 


a  Estimated. 

Grove  City,  Pa. — Grove  City  (population  1 ,600)  is  situated  on  Wolf  Creek,  one  of  the  head- 
water streams  of  Slippery  Rock  Creek,  the  most  important  tributary  of  Connoquenessm;: 
Creek.  Its  water  supply  is  pumped  from  a  200-foot  driven  well  to  a  standpipe.  The  fit  M 
assay  (above)  shows  the  wat«r  to  be  of  a  fair  quality  for  a  ground  water,  although  it  U  hanj 
and  contains  a  little  more  iron  than  usual.  It  gives  satisfaction  for  drinking  purpoej<*>.  l«u: 
would  be  wasteful  for  laundry  uses  and  isso  high  in  incrusting  carbonates  that  it  wouj*. 
certainly  incrust  tubes. 

EUwood  City,  Pa. — EUwood  City  (population  2,500)  draws  its  water  supply  from  Coit- 
noquenessing  Creek.  The  wak*r  is  said  to  be  mechanically  filtered.  Before  entering  ihf 
EUwood  supply  the  creek  receives  the  sewage  of  Butler  (population  10,000),  Evans  C;t\ 
(population  1,200),  and  the  two  small  towns  of  Harmony  and  Zelienople.  The  water  if 
undoubtedly  too  grossly  polluted  to  be  safe  in  its  raw  state. 

The  traces  of  sulphur  and  iron,  shown  in  the  field  assay  (above),  arc  probably  due  t*i  a 
little  mine  drainage.  The  turbidity  is  higher  than  it  should  be  for  a  filtered  water  and  ca5t> 
grave  doubt  upon  the  efficiency  of  the  process.     The  color  of  the  water  is  also  high. 

It  ivill  be  clear  from  the  foregoing  data  that  Beaver  River  drains  much  sew^age  pollutioa 
from  this  section  of  western  Pennsylvania.  Filtration  of  this  water  is  absolutely  necessarj 
before  it  can  be  safely  used  as  a  public  supply. 

BEAVER   RIVER. 

Beaver  Falls,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  lO.OOt' 
At  this  point  the  supply  was  until  1900  obtained  directly  from  the  river  without  puriGcatii't . 
The  result  of  the  use  of  such  water  is  indicated  by  the  following  figures  showing  the  typhoid- 
fever  mortality,  wliich  is  among  the  highest  in  the  country: 

Typhoid  mortality  at  Beaver  Falls,  Pa. 


Year. 


Tote! 
deaths. 


1896 

1S97 

ims 

1800 1 

mro 


124 
134 
128 
138 
169 


Typhoid  '  Tvph  > 
cases.  ■    dciitli?. 


28 
106 
80 
27 
22 


Figures  for  later  years  are  unobtainable. 
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In  1900  mechanical  filters  were  installed,  supplying  Beaver  Falls,  New  Brighton,  Roches- 
ter, Freedom,  and  other  places.  Four  of  the  filters  are  of  the  Jewell  type,  the  remaining 
four  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  be  efficiently  operated,  and  local 
physicians  speak  well  of  the  decrease  in  the  number  of  typhoid  fever  cases  since  its  installa- 
tion. Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
show  an  average  bacterial  content  as  follows: 

Bacterial  analyses  of  water  at  Beaver  Falls,  Pa.a 
[Bacteria  per  cubic  centimeter.] 


Raw  water.         1                  Filtered  water. 

Total. 

B.coli.     ;    Total.    1   B.coll. 

Efficiency. 

246,850 

195        29,300 

12 

Per  cent. 
94 

a  Data  furnished  by  water  company. 

This  is  a  low  efficiency  both  for  total  organisms  and  for  bacillus  coli,  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  water  typical  of  the  river  waters  of  this  section.  It  is 
soft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BETWEEN  BEAVER  RIVER  AXD  FISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
through  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
eaormous  pollution  in  the  river,  the  water  is  very  commonly  used  as  a  public  supply  in  iU 
raw  state.  It  is  evident  from  the  foregoing  discussion  that  the  inevitable  efTect  of  such  a 
practice  is  the  sacrifice  of  many  lives  annually,  with  the  additional  waste  of  thousands  of 
dollars  by  the  communities  affected.  Although  West  Vii^inia  has  laws  on  its  statute 
books  forbidding  stream  pollution  under  penalty  of  $5  fine  for  each  offense,  there  is  wanton 
and  wholesale  contamination  of  every  stream  in  the  State.  As  no  typhoid-fever  statistics 
are  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  is  impossible  to  supply  that 
concrete  evidence  of  the  disease-producing  quality  of  the  water  which  is  furnished  by  such 
figures.  The  quality  of  these  supplies  will  be  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  those  towns  in  Ohio 
which  take  thair  supply  from  the  river  unpurified  and  which  have  collected  figures  con- 
cemlDg  this  disease: 

Chester,  W.  Va. — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
in  the  fine  sand  of  the  river  bank.  The  well  is  alx)ut  8  feet  in  diameter  and  is  covered  with 
a  brick  and  concrete  dome.  The  pumping  machinery  is  mounted  in  a  larger  well  close  by, 
a  gallery  connecting  the  two.  The  effluent  from  this  plant  is  beautifully  clear  and  spark- 
ling at  all  times,  although  the  river  is  usually  muddy.  There  can  bo  no  question,  however, 
that  so  far  as  organic  contamination  is  concerned  no  change  of  importance  occurs  during 
the  natural  filtration  of  this  water.  It  can  not  be  regarded  as  a  safe  supply  for  this  munic- 
ipality, and  if  typhoid-fever  statistics  were  available  the  town  would  probably  be  found 
to  suffer  heavily  from  the  disease.  That  this  is  not  mere  conjecture  is  evident  from  the 
high  typhoid-fever  percentage's  for  Eiust  Liverpool,  Ohio,  directly  across  the  river.  This 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  suffering  constantly 
and  heavily  from  typhoid  fever. 
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The  Butler  supply  (see  assay  below)  is  undoubtedly  the  best  of  those  examined  in  the 
Connoquencssing  Creek  drainage,  as  it  contains  far  less  mineral  impurity  than  any  other. 

Evans  City,  Pa. — Evans  City  (population  1,200)  is  situated  on  Breakneck  Creek,  a  tribi- 
tary  of  Connoquenessing  Creek.  Its  supply  is  obtained  by  gravity  from  a  hill  resen-oir 
impounding  spring  runs.  The  high  chlorides  and  alkalinity  suggest  the  presence  of  gnmnd 
water.    This  water  probably  contains  calcium  chloride  and  would  corrode  boiler  tube:^. 

Field  asaays  of  public  supplies  in  Connoquenessing  Creek  basin. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Ck)lor 

Iron  (Fe) 

Caiciura  (Ca) 

Total  hardness  (as  CaCOg) . 

Alkalinity •.. 

Sulphates  (SO3) 

Chlorides  (CI) 


Grove 
City. 

EUwood 
City. 

0 

a20 

35 

140 

2.7 

l 

119 

67 

130+ 

66 

201 

40 

05 

a20 

23 

27 

1 

Butler. 


Evans 
ViXy. 


0 
45 

0 
28 
39 
40 
03 
19 


Tra*: 


a  Estimated. 

Grave  City,  Pa. — Grove  City  (population  1 ,600)  is  situated  on  Wolf  Creek,  one  of  the  head- 
water streams  of  Slippery  Rock  Creek,  the  most  important  tributary  of  Connoquenes>iri^ 
Creek.  Its  water  supply  is  pumped  from  a  200-foot  driven  well  to  a  standpipe.  The  ti*  Id 
assay  (above)  shows  the  water  to  be  of  a  fair  quality  for  a  ground  water,  although  it  i^  hard 
and  contains  a  little  more  iron  than  usual.  It  gives  satisfaction  for  drinking  purposi»s,  l>ut 
would  be  wasteful  for  laundry  uses  and  isso  high  in  incrusting  carbonates  that  it  woyld 
certainly  incrust  tubes. 

EUwood  City,  Pa.— Ellwood  City  (population  2,500)  draws  its  water  supply  from  Con- 
noquenessing Creek.  The  water  is  said  to  be  mechanically  filtered.  Before  entering  th^ 
Ellwood  supply  the  creek  receives  the  sewage  of  Butler  (population  10,000),  Evans  City 
(population  1,200),  and  the  two  small  towns  of  Harmony  and  Zelienople.  The  wat^ri- 
undoubtedly  too  grossly  polluted  to  be  safe  in  its  raw  state. 

The  traces  of  sulphur  and  iron,  shown  in  the  field  assay  (above),  are  probabl3''  due  t*»  a 
little  mine  drainage.  The  turbidity  is  higher  than  it  should  be  for  a  filtered  water  and  fa.-t> 
grave  doubt  upon  the  efficiency  of  the  process.     The  color  of  the  water  is  also  high. 

It  will  be  clear  from  the  foregoing  data  that  Beaver  River  drains  much  sewage  pi>llut;«»r 
from  this  section  of  western  Pennsylvania.  Filtration  of  this  water  is  absolutely  net-ensan 
before  it  can  be  safely  used  as  a  public  supply. 

BEAVER  RIVER. 

Beaver  Falls,  Pa. — The  largest  city  on  Beaver  River  is  Beaver  Falls  (population  10.0i*i 
At  this  point  the  supply  was  until  1900  obtained  directly  from  the  river  without  purific^th-: 
The  result  of  the  use  of  such  water  is  indicat<»d  by  the  following  figures  showing  the  typhoid- 
fever  mortality,  which  is  among  the  highest  in  the  country: 

Typhoid  mortality  at  Beaver  Falls,  Pa. 


Year. 


18<« 
1897 
1.S98 
1899 


Total 
deaths. 

Typhoid 
cases. 

'Tvph;- 

124 

28 

134 

105 

: 

128 

80 

138 

27 

169 

22 

1 

Figures  for  later  yeara  are  unobtainable. 
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In  1900  mechanical  filters  were  installed,  supply^ing  Beaver  Falls,  New  Brighton,  Roches- 
ter, Freedom,  and  other  places.  Four  of  the  filters  are  of  the  Jewell  type,  the  remaining 
four  of  the  old  closed  or  oil-tank  type.  The  plant  seems  to  be  efiBciently  operated,  and  local 
physicians  speak  well  of  the  decrease  in  the  number  of  typhoid  fever  cases  since  its  installa- 
tion. Bacterial  analyses  of  20  samples  collected  at  the  intake  and  at  a  tap  in  Beaver  Falls 
show  an  average  bacterial  content  as  follows: 

Bacterial  analyses  of  water  at  Beaver  Falls  ^  Pa,a 
[Bacteria  per  cubic  centimeter.] 


Raw  water. 

Filtered  water. 

Total.    1     B.  coli. 

1 

Total. 

B.  coli. 
12 

Efflciency. 

246,850 

195 

29,300 

Percent. 
94 

a  Data  furnished  by  water  company. 

This  is  a  low  eflSciency  both  for  total  organisms  and  for  bacillus  coli,  yet  the  filtrate  is  very 
much  better  than  the  raw  water. 

The  field  assay  (p.  87)  shows  a  water  typical  of  the  river  waters  of  this  section.  It  is 
soft  enough  to  be  suitable  for  any  purpose. 

OHIO  RIVER  BET\VEEN  BEA\T:R  RIVER  AND  FISH  CREEK. 

Below  the  mouth  of  Beaver  River  the  Ohio  flows  nearly  southwest  for  about  10  miles 
through  a  rolling  farming  country.  It  crosses  the  State  line  a  few  miles  above  Chester, 
W.  Va.,  a  little  town  of  about  1,000  population.  From  this  point  on,  notwithstanding  the 
enormous  pollution  in  the  river,  the  water  is  very  commonly  used  as  a  public  supply  in  its 
raw  state.  It  is  evident  from  the  foregoing  discussion  that  the  inevitable  effect  of  such  a 
practice  is  the  sacrifice  of  many  lives  annually,  with  the  additional  waste  of  thousands  of 
dollars  by  the  communities  affected.  Although  West  Virginia  has  laws  on  its  statute 
books  forbidding  stream  pollution  under  penalty  of  $5  fine  for  each  offense,  there  is  wanton 
and  wholesale  contamination  of  every  stream  in  the  State.  As  no  typhoid-fever  statistics 
are  obtainable  for  towns  in  this  State,  except  for  Wheeling,  it  is  impossible  to  supply  that 
concrete  evidence  of  the  disease-producing  quality  of  the  water  which  is  furnished  by  such 
figures.  The  quality  of  these  vsupplies  will  be  evident,  however,  from  the  following  descrip- 
tions of  conditions  in  this  section  and  from  the  typhoid-fever  records  of  those  towns  in  Ohio 
which  take  their  supply  from  the  river  unpurified  and  which  have  collected  figures  con- 
cerning this  disease: 

Chester,  W.  Va. — At  Chester  the  public  supply  is  pumped  from  a  filter  well  that  is  sunk 
in  the  fine  sand  of  the  river  bank.  The  well  is  about  8  feet  in  diameter  and  is  covered  with 
a  brick  and  concrete  dome.  The  pumping  machinery  is  mounted  in  a  larger  well  close  by, 
a  gallery  connecting  the  two.  The  efHuent  from  this  plant  is  beautifully  clear  and  spark- 
ling at  all  times,  although  the  river  is  usually  muddy.  There  can  be  no  question,  however, 
that  so  far  as  organic  contamination  is  concerned  no  change  of  importance  occurs  during 
the  natural  filtration  of  this  water.  It  can  not  be  regarded  as  a  siife  supply  for  this  munic- 
ipality, and  if  typhoid-fever  statistics  were  available  the  town  would  probably  be  found 
to  suffer  heavily  from  the  disease.  That  this  is  not  mere  conjecture  is  evident  from  the 
high  typhoid-fever  percentages  for  East  Livorp)ool,  Ohio,  directly  across  tlio  river.  This 
town  pumps  its  water  supply  from  the  Ohio  River  raw,  and  is  seen  to  be  suffering  constantly 
and  heavily  from  typhoid  fever. 
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Typhoid  mortality  at  East  Liverpool,  Ohio, 


Year. 

Total 
deaths. 

Typtoi.. 

1897 

154 
196 

9 

1900..     .                     

i: 

1901 

187  '            % 

1902 

226  !             1' 

1903 

337  i             15 

The  field  assay  (p.  87)  shows  the  increased  mineral  content  resulting  from  the  paaagp  U 
the  water  through  the  river  sand,  the  mineral  contents  being  appreciably  higher  than  th*** 
of  the  river  water  at  Pittsburg.  This  water  is  too  hard  to  be  considered  exoellent  for  boikr 
uses,  and  its  muddy  condition  in  the  raw  state  makes  it  very  poor  for  other  industrial  pur- 
poses. It  is,  however,  of  better  quality  than  the  ground  waters  in  this  section,  as  will  be 
evident  from  the  field  assay  of  the  wells  at  Wellsburg  and  Wheeling,  given  below. 

New  Cumberland,  W.  Va. — At  New  Cumberland,  about  15  miles  below  East  Laverpot'l, 
the  city  supply  is  also  raw  Ohio  River  water.  The  town  has  about  1,200  inhabitaoK 
and  is  partially  sewered.  Above  it  on  both  banks  of  the  river  are  visible  evidences  of 
pollution,  besides  the  accumulated  filth  coming  down  in  the  river  from  Pittsbui^.  The 
supply  of  Steubenville,  Ohio  (population,  14,000),  is  of  the  same  kind.  The  officials  U 
this  town  have  for  years  made  no  report  of  typhoid  mortality. 

WeUshurg,  W.  Va. — ^Wellsburg  (population,  2,500),  about  10  miles  below  Steubenville, 
also  uses  raw  Ohio  River  water.  The  field  assay  of  water  from  a  60-foot  well  much  used  (c<r 
drinking  purposes  on  one  of  the  main  streets  of  Wellsburg  is  given  on  page  S7.  There  an 
are  numerous  drilled  wells  on  the  the  streets,  to  which  resort  is  had  for  drinking  water  to 
some  extent.    This  water  is  very  hard  and  not  suitable  for  any  use  except  drinking. 

Wheeling  J  W,  Va. — Wheeling  (population,  40,000),  on  Ohio  River  about  14  n^ilcs  l)oioF 
Wellsburg,  has  probably  .one  of  the  worst  typhoid-fever  records  for  a  town  of  its  siicc  and 
wealth  in  this  or  any  other  country.  I^ike  the  towns  just  mentioned,  it  pumps  its  supph 
raw  from  Ohio  River,  without  any  attempt  even  at  adequate  sedimentation.  Wheeling 
Creek,  which  flows  through  most  of  the  t<own,  is  an  open  sewer.  The  intake  of  the  waUr- 
works  is  loc-ated  a  very  short  distance  above  the  town.  The  works  are  owned  by  the  oily. 
and  considerable  thought  has  been  devoted  to  the  regulation  of  rates,  but  none  to  ti« 
quality  of  the  water  supply.  In  view  of  the  conditions  above  described,  under  which  town 
after  town  turns  its  disease-polluted  sewage  into  the  river,  the  strange  thing  is  not  that 
Wheeling  should  lose  many  lives  and  thousands  of  dollars  through  the  use  of  polluted  water 
for  drinking,  but  that  any  American  community  should  tolerate  such  a  state  of  affaij^ 
The  figures  shown  below  are  available  from  the  reports  of  the  United  States  Public  Health 
and  Marine-Hospital  Service.  Although  for  but  a  portion  of  the  years  shown,  they  indicate 
closely  the  character  of  the  supply: 


Typhoid  mortality  at  Wheeling,  W.  Va. 


Quarter  ending- 


March  31,  igot 
June  30,  1904.. 
March  31,  1905 

Juno3().  am.. 


Total 
deaths. 


200 
187 

183 
141 


Death- 

fn>m 

typb.vi 

fevor. 


The  sip^nlficanco  of  these  percentages  may  be  better  understood  when  they  are  con- 
pared  to  the  fij^ures  previously  given  as  to  Sewickley,  Allegheny,  Pittsbui^,  McKeespon. 
and  other  places.    The  condition  here  is  almost  incredibly  bad. 
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The  field  assays  below  shows  that  the  river  water  is  considerably  softer  than  the  natu- 
raUy  filtered  water  at  Chester.  The  well  of  the  Acme  Box  Company  is  used  for  all  purposes, 
both  steam  making  and  drinking,  in  the  factory  of  the  concern.  It  is  unfit  for  any  of  them, 
being  so  excessively  high  in  sulphates  and  iron  as  to  corrode  boiler  tubes  very  rapidly.  The 
us©  of  this  water  represents  a  heavy  annual  expense  for  needless  repairs.  It  is  not  very 
palatable,  and  its  high  color  is  not  reassuring  as  to  the  safety  of  the  well  from  contamina 
tion  by  surface  water. 

MoundsvUUt  W.  Va. — At  MoundsviUe  (population,  6,000)  the  water  supply  is  obtained 
from  wells  on  an  island  in  Ohio  River  of  the  rather  rare  type  in  use  at  Gallipolis,  Ohio, 
described  on  page  64.  The  typhoid-fever  statistics  of  the  latter  town  may  very  well  be 
applied  to  the  consideration  of  MoundsviUe 's  supply,  the  conditions  being  practically  iden- 
tical at  the  two  places.  The  welk  are  four  in  number  and  16  feet  deep.  The  borings  are 
carefully  cased,  admitting  water  only  through  strainers  at  the  bottom.  They  are  connected 
near  the  top  so  as  to  be  pumped  together.  The  efPuent  is  beautifully  clear  and  pleasant 
to  the  taste.  The  field  assay  shows  considerable  diminution  of  the  sulphates  in  the  river 
water,  with  entire  absence  of  suspended  matter  and  color,  though  at  this  period  the  raw 
water  is  a  muddy  brown. 

Fidd  assays  of  \oater  from  towns  along  Ohio  River. 

[  Parts  per  million.] 


Determination. 


Beaver 

Falls,  Pa., 

public 

supply. 


Chester, 

W.  Va., 

public 

supply. 


Wellsburg, 

W.  Va., 

60-foot 

well. 


Wheeling, 
W.  Va., 
well  ol 

Acme  Box 
Co. 


Wheeling, 
W.  Va., 

city 
supply. 


Mounds- 
viUe, W. 
Va.,  city 
supply. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCO«) . . 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


(») 
45 
51 
29 

e20 
12 


0 
90 
Trace. 
•  102 
128 
88 
40 
27 


0 
5 
.5 
200 


0 
123 
20 
274 


(*) 


267 
54 

15 


380 

+522 

99 


0 
0 
0 
96 
111 
63 
15 
24 


a  Slight  trace. 


b  Very  slight  trace. 
inSII  XJUEEK. 


c  Estimated. 


Fish  Creek,  which  enters  the  Ohio  about  8  miles  below  MoundsviUe,  drains  a  country 
very  deficient  in  water  resources.  Along  the  West  Virginia  Short  Line  of  the  Baltimore 
and  Ohio  Railroad  the  small  communities  have  to  get  their  supplies  from  individual  wells, 
the  deep-well  water  not  being  of  very  good  quality. 

Hundred^  W.  Va. — At  Hundred  (population,  300)  there  is  a  118-foot  well,  which,  as 
shown  by  the  field  assay,  is  of  very  good  quality  for  water  drawn  from  such  a  depth.  The 
high  alkalinity  may  indicate  the  presence  of  magnesium.  Although  somewhat  hard,  this 
water  would  make  a  good  public  supply. 

Littleton,  W.  Va. — Littleton  (population,  7(X)),  a  few  miles  farther  west,  has  a  public  sup- 
ply very  similar  in  quality  to  the  well  at  Hundred.  It  is  drawn  from  2  wells  145  feet  deep 
recently  drilled  to  replace  the  public  supply  from  Fish  Oeek,  a  little  stream  which  is  prob- 
ably as  highly  polluted  for  its  size  as  any  stream  could  be.  The  springs  in  this  section  are 
not  very  numerous  nor  very  large,  most  of  them  drying  up  in  the  summer.  The  Farrcll 
Spring  at  Littleton,  a  limestone  spring  of  unusual  hardness,  is  piped  into  a  few  dwellings 
for  domestic  purposes.  Its  water  is  strikingly  similar  in  mineral  content  to  that  of  the 
deep  well. 

Board  Tree  and  Cameron j  W.  Va. — The  "Bill  Spring  at  Board  Tree  (population,  50),  a  few 
miles  west  of  Littleton,  is  also  very  hard,  the  water  seeming  to  come  from  a  limestone 
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formation.  It  is  much  used  for  domestic  purposes.  The  66-foot  well  at  Board  Tree  L<%  t]» 
only  bored  well  in  this  section.  Its  water  is  so  high  in  incrusting  solids  as  to  be  of  no  u.** 
except  for  drinking.  Fish  Creek  itself  is  a  small  stream  that  flows  over  the  naked  rock  m 
most  of  its  course  and  practically  dries  up  in  the  summer.  The  field  assay  shows  that  i:5 
water  is  considerably  harder  than  the  river  waters  of  the  Monongahela  basin,  but  still  com- 
paratively soft  and  available  for  industrial  purposes.  The  railroad  leaves  the  stream  so^c 
aft«r  passing  Board  Tree,  going  north  to  the  terminus  at  Moundsvillc.  The  only  import^Dt 
town  in  this  section  is  Cameron,  which  has  about  1,000  population.  It  has  a  city  water 
supply  pumped  to  reservoirs  from  5  driven  wells  100  feet  deep.  The  field  assay  shows  this 
water  to  be  far  too  hard  for  any  use  except  drinking,  the  sulphates  being  so  high  as  to 
incrust  boiler  tubes.  The  railroad  uses  the  waters  of  Graves  Creek,  a  small  stream  empty- 
ing into  Fish  Creek,  for  steaming  purposes.  A  large  brick  filter  well  has  been  constnicU-d 
in  the  bank  of  the  stream,  in  which  the  water  is  collected.  The  field  assay  shows  it  to  be 
but  little  better  than  the  well  water. 

Field  assays  ofvxUers  in  Fish  Creek  hasin. 
[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCO<,) . . 

Allcalinity 

Sulphates  (SOi) 

Chlorides  (CI) 


Hundred. 


Board  Tree. 


Littleton. 


118-foot      Fish        Bill       66-foot     Farrell    145-foot 
well.     I  Creek.  I  Spring,      well.      Spring,      well. 


0 

0 

0 

6 

37 

35 

.75 

0 

0 

70 

32 

87 

118 

63 

118 

187 

35 

61 

20 

5 

30 

19 

14 

U 

0 
96 
1.75 
156 


171 
58 
80 


0 
?5 
0 
110 
130+ 
78 
35 
24 


0 
90 


.8 


119 
132 

71 
42 
19 


Cameron. 


100-foot  'Gra«» 
wells.     I  Cn*k. 


0     I 

17 
.5, 

137      I 

130+ 

216  I 
83  ' 
49      I 


«4 

10 
0 

a: 

•J 

19 


a  Estimated. 


FISHING  CREEK. 

At  New  Martinsville  another  small  stream,  Fishing  Creek,  enters  the  Ohio,  draining  also 
a  poor  and  sparsely  populated  country.  The  industry  of  this  section  has  always  been 
dependent  on  the  oil  wells,  and  the  decline  or  failure  of  these  has  caused  the  abandonment 
of  many  habitations. 

Sjmthfieldf  W.  Va, — Smithficld,  near  the  crest  of  the  divide  between  the  Monongahela 
and  the  Ohio,  is  a' typical  oil  town  of  a  few  hundred  population,  without  any  public  water 
supply.  The  160-foot  well  assayed  is  one  of  three  8-inch  wells  bored  by  the  South  Penn 
Oil  Company  for  boiler  usc»s  and  also  for  town  supply.  It  yields  a  surprisingly  soft  water, 
the  total  hardness  not  being  much  higher  than  that  of  Fish  Creek.  The  chlorides,  however, 
arc  so  enormously  high  as  to  make  the  water  very  corrodant  in  boilers  (see  assay  below). 
It  is  probably  best  used  for  drinking  only.  A  sample  from  a  46-foot  well  showed  a  total 
hardness  of  91  as  compared  with  the  42  parts  per  million  of  the  last  supply,  so  that  in  thi*^ 
instance  it  is  not  necessarily  the  deep-well  water  that  is  harder.  There  are  very  few  per- 
manent springs  in  this  section.  The  water  of  Carlin  Spring  (sec  assay  below),  whirh  i< 
80  feet  above  the  houw  into  which  it  is  piped,  is  of  fair  quality,  the  total  hardness,  it  is 
noted,  being  exactly  the  same  as  that  of  the  shallow  well. 

Pine  Grove,  W.  Va. — At  Pine  Grove,  about  10  miles  west  of  Smithfield,  a  once  prosperous 
oil  town,  having  at  prescuit  about  .500  population,  there  is  no  public  supply,  the  townspeople 
using  individual  wells  and  small  springs.  The  50-foot  well  shown  in  the  assay  is  probably 
high  in  magnesium  carbonate  and  tlic  alkalies.  It  is  of  fair  quality  for  domestic  purposes. 
The  Newman  Spring  is  much  better  in  every  respect,  but  is  not  large  enough  to  supply  more 
than  a  few  families. 
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Fidd  assays  ofvxUer  at  Smithfidd  and  Pine  Grove  ^  W.  Va 
[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (CaCOa) . 

Alkalinity 

Sulphates  (SOi) 

Chlorides  (CI) 


Smithfield. 


46-foot      160-foot 
well.  well. 


0 

35 

Trace. 

C») 

42 

236 

0 


Carlin 
Spring. 


(«) 


Pine  Grove. 


a  Very  slight  trace. 
OHIO  RIVER  FROM  PISHING  CREEK  TO  MIDDLE  ISLAND  CREEK. 

New  MarHnsvOUj  W.  Va. — New  Martinsville  (population,  2,000)  has  expended  much 
money  in  experimenting  with  water-supply  methods  without  adequate  return.  Its  supply 
is  now  pumped  raw  from  Ohio  River.  An  attempt  was  made  to  get  water  from  filter  wells 
similar  to  those  at  Moundsville,  but  unsuccessfully.  Recently  it  has  been  planned  to 
dig  large  brick  wells  in  the  shore  of  the  river  and  pump  the  public  supply  therefrom. 
This  would  give  a  very  clear  water  satisfactory  for  industrial  purposes,  but  it  would  be  no 
safer  from  a  sanitary  standpoint  than  the  raw  water  itself.  The  condition  of  Ohio  River  is 
well  recognized  in  this  town,  which  has  gone  to  the  length  of  providing  a  number  of  drilled 
wells  scattered  over  the  city,  from  which  pure  drinking  water  is  obtainable.  The  field 
assay  shows  this  water  to  be  extremely  hard,  but  it  should  be  excellent  for  drinking. 

SisUrvilU,  W.  Va. — The  only  important  town  between  New  Martinsville  and  St.  Marys, 
about  35  miles  down  the  river,  is  Sisterville,  a  manufacturing  town  which  had  a  population 
of  3,000  in  1900  and  which  is  growing  with  great  rapidity.  Its  supply  is  pumped  directly 
from  Ohio  River  to  tanks. 

St.  Marys f  W.  Va. — ^The  public  supply  at  St.  Marys  (population,  1,000)  is  also  pumped 
raw  from  Ohio  River.  The  high  turbidity  of  the  sample  indicates  that  the  inhabitants  of 
this  town  are  practically  drinking  diluted  mud  for  a  large  part  of  the  year.  The  water  of 
the  60-foot  well  at  this  point  seems  to  be  of  good  quality  for  drinking,  although  somewhat 
hard.  The  high  hardness  as  compared  to  the  calcium  content  would  seem  to  indicate  that 
the  alkalinity  is  due  mostly  to  magnesium  carbonate.  The  town  is  built  directly  on  the 
river  and  contributes  liberally  to  its  pollution. 

Fidd  assays  of  water  at  New  Martinsi^Ule  and  St.  Marys,  W.  Va. 
[Parts  per  million.) 


Determination. 


Turbidity 

Color 

iron  (Fc) 

Calcium  (Ca) 

Total  hardness  (CaCO ») 

Alkalinity 

Sulphates  (SO>) 

Chlorides  CI) 

a  Slight  trace. 


New  Martinsville. 

St.  Marys. 

Ohio 
Kiver. 

53-foot 
well. 

Ohio 
River. 

60-foot 
well. 

140 

0 

240 

0 

88 

22 

3,5 

S,*-! 

1 

f) 

0 

(«). 

61 

200 

47 

60 

76    

97 

130 -h 

3.5  ;           2a3 

.32 

42 

620 

MO 

620 

0 

19 

40 

29 

29 

M 

estimated 
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MIDDLE  ISLAND  CREEK. 

Middle  Island  Creek,  which  discharges  into  the  Ohio  a  little  above  this  point,  drains  a 
sparsely  populated  farming  country.  As  far  as  contamination  goes,  however,  the  scatt^^r- 
ing  nature  of  the  population  is  more  than  counterbalanced  by  the  directness  of  the  pollu- 
tion. In  nearly  every  case  where  it  was  possible  and  convenient  to  build  a  privy  on  cr 
close  to  the  creek  it  has  been  built  there  instead  of  where  it  would  not  pollute  the  water. 

West  Union f  W.  Va. — The  only  important  town  on  this  drainage  area  is  West  Union,  ut 
the  Parkersburg  division  of  the  Baltimore  and  Ohio  Railroad,  about  30  miles  west  of  Clarke 
burg.  The  assay  below  shows  the  water  of  the  creek  to  be  of  very  fair  quality  for  indus- 
trial purposes.  The  high  color  is  due  mostly  to  oi^ganic  pollution.  West  Union  (popula- 
tion, 1,200)  has  no  public  supply,  the  inhabitants  getting  their  water  from  wells  varying  in 
depth  from  20  to  150  feet.  The  128-foot  well  assayed  (below)  is  in  very  general  uae,  being 
on  the  public  street.  The  water  is  of  poor  quality  for  any  purpose  except  drinking.  That 
of  the  38-foot  well  is  strikingly  similar  in  its  mineral  contents. 

OHIO  RIVER  FROM  MIDDLE  ISLAND  C'REEK  TO  THE  LITTLE  KAXA^TIA. 

WUliamstown,  W.  Va. — Williamstown  (population,  400),  on  Ohio  River,  about  15  roiifs 
below  St  Marys  has  no  public  supply.  The  field  assay  shows  that  the  water  from  a  GO- 
foot  well  at  this  place  is  of  fair  quality  though  somewhat  hard.  It  is  noteworthy  that  the 
field  assay  of  Ohio  River  at  this  point  shows  exactly  the  same  chlorine  content.  The  well 
is  about  300  feet  from  the  river. 

Field  assays  of  water  from  West  Union  and  WiUiamstownt  W.  Va. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (CaCOa) 

Alkalinity 

Sulphates  (S0») 

Chlorine  (CI) 


West  Union. 


Middle 
Island 
Creek. 


0 
160 
0 
Trace. 
63 
36 

9 


128-foot 
well. 


0 
0 

(«) 
126 
130+ 
116 
f20 
90 


38-foot 
well. 


Williamstown. 


60-foot 
well. 


Ohio 
River. 


0 
17 


133 


0 

C20 

70 


0 
22 

0 
S7 

139+ 
42 
44 
40 


0 
23 
0 
46 

139* 

29 

'•20 

40 


a  Slight  trace. 


6  Very  slight  trace. 


e  Estimated. 


Marietta,  Ohio. — Oppasite  Williamstown  is  Marietta,  with  about  15,000  population,  dis- 
charging its  sewage  into  the  river.  Three  streams  in  Ohio — Little  Muskingum  River,  Duck 
Creek,  and  Muskingum  River — enter  Ohio  River  within  a  mile  or  two  of  each  other  at  Mari- 
etta. Each  drains  an  area  comprising  considerable  population,  so  that  the  sewage  entering 
at  Marietta  alone  would  he  suffiricnt  to  make  the  raw  river  water  unsafe,  even  if  the  pollu- 
tion entering  above  were  eliminated. 

Parkersburg,  W.Va. — In  spite  of  the  fK)llution  at  Marietta,  which  is  evident  from  a  cur- 
sory inspection  of  the  river,  Parkersburg,  otherwise  a  growing  and  progressive  town  (popu- 
lation, about  17,000)  takes  its  water  supply  unpurified  from  Ohio  River.  The  supply  is 
extremely  bad,  being  almost  always  very  turbid  and  unsatisfactory  for  any  domestic  use^ 
The  claim  is  made  in  the  city  that  this  water  is  used  only  for  fire  purposes,  spring  water 
being  larjroly  bottled  and  sold  for  drinking.  The  value  of  this  claim  has  already  been  esti- 
mated. There  is  no  doubt  that  if  typhoid-fever  statistics  were  obtainable  for  this  city  a 
very  serious  condition  of  the  public  health  would  be  manifest.     It  may  be  very  well  esti- 
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mated  from  the  typhoid-fever  statistics  of  Marietta,  Ohio,  except  that  conditions  at  Par- 
kersburg  would  be  much  worse. 

Typhoid  mortality  at  Mariettaf  Ohio. 


Year. 


1897 
1898 
1899 
1900 


Total 
deaths. 

Typhoid 
deaths. 

115 

7 

123 

6 

163 

5 

192 

10 

Year. 


1901 
1902 
1903 


These  percentages  are  so  high  as  to  need  no  comment.  Both  Marietta  and  Parkersbui^ 
have  the  distinction  of  being  in  the  same  class  with  Wheeling  as  to  water  supply.  - 

Of  great  interest  in  this  connection  are  the  filters  of  the  Parkersburg  Steel  and  Iron  Com- 
pany a  few  miles  above  the  city.  These  wells  are  about  13  feet  in  diameter,  34  feet  deep, 
and  about  75  feet  from  shore.  They  are.  bricked  up  from  the  bottom,  the  pumping  ma- 
chinery being  incased  in  one  of  the  wells,  which  is  connected  with  the  other.  Six  hundred 
thousand  gallons  of  clear  water  are  pumped  from  these  wells  every  day,  although  the  Ohio 
Jliver  water  is  usually  muddy.  It  is  found  quite  satisfactory  in  the  boilers  of  the  com- 
pany, but  it  is  hardly  necessary  to  say  that  in  spite  of  its  brilliancy  and  inviting  appearance 
it  would  not  be  safe  for  drinking.  The  well  on  the  public  street  in  Parkersburg  is  one  of 
two  or  three  that  are  much  drawn  on  for  drinking  purposes.  The  water  is  utterly  unfit  for 
anything  else,  being  very  high  in  sulphates  and  chlorides  (see  assays  below). 

Field  asmya  of  ivater  from  Ohio  River  and  well  at  Parkersburg. 
[  Parts  per  million.] 


Determination. 


Turbidity... 

Color 

Iron  (Fe)...- 
Calcium  (Ca) 


Raw 
water. 

Filtered 
water. 

Well 
water. 

180. 

0 

0 

90 

45 

5 

(°) 

0 

.5 

50 

142 

137 

Determination. 


Total  hardness  CaCOr 

Alkalinity 

Sulphates  (S0«) 

Chlorides  (CI) 


Raw     Filtered      Well 
water,     water,     water. 


76 

27 

fc20 

19 


139+ 
100 

19 


42 
144 
101 


'  o  Slight  trace.  b  Estimated. 

LITTLE  KAXAWHA  RIVER  BASIN. 

A  great  deal  of  drainage  enters  the  river  at  Parkersburg  by  way  of  Little  Kanawha  River, 
which  flows  nearly  west  across  the  State  from  Upshur  County.  The  principal  tributary  of 
the  Little  Kanawha  is  Hughes  River,  which  enters  at  Newark  station. 

LITTLE   KANAWHA   RIVEB. 

There  are  several  small  towns  on  this  stream,  the  largest  being  Clenville  (population,  400), 
Grantsville  (population,  300),  Spencer  (population,  900),  Reedy  (population,  400),  and  Eliza- 
beth (population, 800), comprising  a  total  urban  population  of  2,500,  all  of  which  contribute 
privy  pollution  to  the  stream.  The  water  of  Little  Kanawha  River  is  one  of  the  purest  in 
the  Stat<e  so  far  as  inorganic  content  goes,  being  so  soft  as  to  rank  with  the  Pennsylvania 
spring  waters.  The  field  assay  at  Burnsville,  not  far  from  its  source,  shows  a  very  excellent 
water.  The  field  assay  of  water  from  Little  Kanawha  River  at  Parkersburg  shows  a  com- 
plete change  in  its  character.  The  turbidity  at  the  mouth  of  the  stream  is  very  high  at  all 
times  on  account  of  the  character  of  the  soil  through  which  it  flows  in  the  lower  half  of  its 
course.  It  gains  very  much  in  hardness  also,  and  is  altogether  undesirable  in  its  raw  state 
for  domestic  use  at  Parkersburg,  although  soft  enough  to  be  of  fair  quality  for  boilers. 
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HUGHES   RIVER. 

Pennsboro,  W.  Va. — Pennsboro  (population, 800)  has  no  public  supply,  the  inhabitanU 
using  individual  wells,  which  are  few  and  yield  water  of  poor  quality.  The  307 -foot  well 
assayed  below  is  too  high  in  mineral  content  to  bo  of  use  for  any  purpose,  there  being  Xfio 
much  calcium  to  be  correctly  estimated  by  field  methods  and  a  qualitative  test  showing 
the  presence  of  much  magnesium.  The  water  of  the  46-foot  well  is  somewhat  bett4?r  in 
quality,  but  only  by  comparison.  Both  these  wells  are  subject  to  shortage  in  dn-  time^^. 
The  town  is  built  on  steep  slopes,  draining  into  the  North  Fork  of  Hughes  River,  privy 
contamination  being  conspicuous,  and  the  same  is  true  of  the  other  small  stations  along  tl^ 
stream. ' 

Cairo  f  W.  Va . — ^The  most  conspicuous  carelessness  in  public  supply  in  this  section  is  at  Cainj 
(population  800) .  This  town  pumps  its  supply  from  Hughes  River,  the  claim  being  made  that 
it  is  only  for  lire  protection,  and  that  drinking  water  is  taken  entirely  from  individual  wc-Ik 
About  100  feet  above  the  pumping  station  on  the  creek  are  a  privy  and  bam  right  on  th^* 
banks  of  the  stream,  so  that  at  high  water  filth  from  both  places  goes  directly  into  the  rivtr 
and  heavy  rains  at  all  times  wash  pollution  into  the  stream.  This  is  a  representative  condi- 
tion in  this  section.  Field  assay  below  shows  the  creek  water  to  be  of  fair  quality  for  indus- 
trial purposes,  the  well  water  not  so  good.  It  seems  probable  that  the  calcium  is  present 
almost  entirely  as  calcium  chloride,  the  alkalinity  being  extremely  low.  The  color  of  this 
well  water  is  so  high  as  to  create  a  suspicion  as  to  its  freedom  from  contamination. 

Field  assays  of  water  from  Little  Kanawha  River  basin. 

{Parts  per  niilllon.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total' hardness  (as  CaCOa)  . 

Alkalinity 

Sulphates  (S(»a) 

Chlorides  (CI)....: 


Pennsboro. 

Cairo. 

Burns- 
ville. 

Parkcrs- 
burg- 

207-foot 
well. 

46-foot 
well. 

40-foot 
well. 

Hughes 
Creek. 

0 

0 

0 

Cloudy. 

0 

lo6 

35 

17 

44  '           244 

70 

iTi 

(°) 

0 

2 

C) 

Trace. 

(a) 

High. 

130 

130 

61 

0 

!5 

139+ 

139+ 

132 

76 

28 

ir>4 

424 

185 

26 

41 

23 

M 

cm 

0 

0 

0 

0 

(«) 

60 

40 

172 

40 

9 

40 

a  Slight  trace. 


6  Very  slight  trace. 


c  Estimated. 


OHIO  RIV'KU  FIIOM    LITTLE    KANAWHA   RIVER   TO    KANAWHA    IlIVER. 

Between  Parkersburg  and  Point  Pleasant  there  is  no  important  city  on  the  Ohio  River. 
Little  places  having  a  hundred  or  more  inhabitants  arc  dotted  along  the  stream,  the  largest 
being  Ravcnswood  and  Millwood,  which  arc  the  termini  of  short  branch  lines  of  railroads. 
Neither  have  public  supplies. 

Point  Pleasantj  W.  Fa.— Point  Pleasant  (population  2,500)  has  a  water  supply  of  tin- 
natural  filtration  type*  in  use  at  Gallipolis,  Ohio,  and  Moundsville,  W.  Va.  It  is  derived 
from  two  wells  drilled  in  the  Ohio  River  sand,  the  water  seeping  through  the  sand  and 
entering  the  wells  through  strainers  at  the  Iwttom.  It  is  pumped  into  the  city  r«»servoir  h\ 
compressed  air.  The  water  is  of  crystal  clearness  and  low  temperature  in  summer,  so  that  i* 
is  very  inviting  and  much  used.  The  experience  of  Gallipolis  would  indicate  that  for  a  year 
or  two  this  will  be  an  ideal  supply,  but  it  is  doubtful  whether  it  will  be  safe  for  drinking  a  fevj 
years  hence.  Comparison  with  tlu'  raw  river  water  shows  high  turbidity  eliminate  by  the 
natural  filtration  and  some  pain  in  mineral  content  by  the  passage  through  sand.  Exci^pt 
for  its  muddiness  the  raw  water  is  much  more  desirable  for  industrial  purposes. 
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Field  assays  of  Ohio  River  vxUerfrom  Point  Pleasant,  W,  Va. 
[Parts  per  raillion.] 


Determination. 


Turbidity... 

Color 

Iron  (Fe)... 
Calcium  (Ca) 


Raw. 


|l 


Determination. 


429  1 1  Total  hardness  (as  CaCOj) 

,   Aiicalinlty  

Ii  Sulphates  (SO3) 

82   I  Chlorides  (CI) 


Filtered. 


Raw. 


118 

83 

124 

47 

a20 

a20 

15 

o  Estimated. 
KANAWHA  RIVER  BASIN. 

Kanawha  River  has  a  drainage  area  about  as  large,  roughly,  as  that  of  the  Monongahela. 
It  drains  nearly  all  the  southern  half  of  West  Vin^nia.  The  principal  industries  of  the 
country  through  which  it  flows  are  coal  mining  and  lumbering,  but  the  latter  is  rapidly  dis- 
appearing. Typhoid-fever  statistics  are  hardly  necessary  in  this  drainage  area.  Ocular 
evidence  of  the  pollution  of  the  surface  waters  is  so  plentiful  on  all  sides  that  the  mere 
description  of  conditions  is  enough  to  condemn  nearly  every  supply  in  the  section. 

The  principal  tributaries  of  the  Kanawha  are  Gauley,  Greenbrier,  and  New  rivers,  the 
last  being  really  the  Kanawha  under  a  different  name. 

NEW  RIVER   BASIN. 

New  River  has  its  rise  in  North  Carolina  and  enters  West  Virginia  at  its  southern  boun- 
dary. It  flows  through  a  beautiful  mountain  country,  sparsely  inhabited,  and  is  compara- 
tively unpolluted  until  it  receives  the  waters  of  Bluestone  River. 

BLUESTONE  RIVER. 

Bluestone  River  is  a  very  small  stream,  draining  a  number  of  mining  camps  and  flowing 
into  New  River  about  5  miles  above  Hinton.  Field  assays  at  Pocahontas,  Va.,  and  Gra- 
ham, Va.,  (p.  93),  show  the  presence  of  a  great  deal  of  free  acid  in  the  mine  effluent 
waters,  probably  not,  however,  in  sufficient  quantities  to  be  germicidal,  even  if  the  flow  of 
both  were  constant.  It  is  noteworthy  that  all  along  this  stream  algae  flourish,  apparently 
unharmed  by  the  acid.  The  disgusting  pollution  by  privies  in  this  section  is  therefore  car- 
ried down  practically  unchanged,  except  for  the  worse,  into  New  River.  .Pl.  V,  B  gives  a 
fair  idea  of  sanitary  conditions  at  the  head  of  this  stream  at  low  water.  The  place  pictured 
is  by  no  means  the  worst  on  the  course  of  the  stream.  It  is  evident  that  rain  at  all  times 
washes  privy  droppings  into  the  stream,  and  that  at  high  water  the  contents  of  the  privies 
find  their  way  directly  into  the  current.  The  population  of  this  town  is  largely  composed 
of  colored  coal  miners,  who  live  herded  together  along  the  banks  in  squalid  huts,  under  the 
most  unsanitary  conditions.  Typhoid-fever  dejecta  poisoning  this  water  from  these  people 
would  have  ample  time  to  be  carried  down  for  many  miles  before  the  case  would  even  be 
brought  to  a  physician  for  treatment. 

Graham f  Fa.— Good  water  is  scarce  in  this  section.  The  52-foot  well  at  Graham,  Va. 
(population  1,500),  shows  very  hard  water,  unsuitable  for  domestic  use,  yet  it  is  considered 
one  of  the  best  in  the  town.  The  water  stratum  from  which  this  well  draws  has  apparently 
been  contaminated  by  a  cesspool  sunk  a  few  hundred  feet  above  the  well.  A  sample 
recently  sent  to  the  State  University  at  Morgantown,  VV.  Va.,  for  analysis  is  said  to  have 
shown  the  presence  of  intestinal  pollution. 

Pocahontas,  7a.— The  public  supply  of  Pocahontas  (population  2,800)  is  obtained  from 
Bluestone  River,  which  is  also  pumped  b}'  the  Norfolk  and  Western  Railroad  to  supply  its 
shops  at  Bluefield  and  its  .station  at  Graham.  The  partial  field  assays  show  results  of  quali- 
tative tests  for  sulphuric  acid  in  Baby  mine  drainage  at  Pocahontas,  Va.,  and  quantitative 
determinations  of  iron  and  sulphates. 
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Field  assay  of  vxUer  of  Bluesione  River  at  Pocahontas^  Va, 
[Parts  per  million.] 


Determination. 


Iron  (Fe) 

Alkalinity 

Sulphates  (SOs) 


Laurel 

Creek 

above  mine 

waste. 


(») 


122 


Outfall  at 
mouth. 


4 

+522 


1,000  foet     Z,(Vi)W. 

below  mine  i    Mo«r 

outfall.       outfuU. 


(0 


3 

4!;' 


o  Water  acid. 


&Moro  acid. 


cMuch  more  add. 


BluefiM,  W,  Va. — The  public  water  supply  of  Bluefield  (population  7,000),  on  Brushy 
Fork,  forms  an  exception  to  the  general  filthy  character  of  the  water  supplies  in  this  secttrifi. 
The  supply  is  derived  from  two  lai^ge  springs  a  few  miles  above  town,  which  are  carefullv 
walled  up  and  protected  against  pollution,  accidental  or  otherwise.  The  supply  is  always 
abundant  and  seems  to  be  of  good  quality,  though  a  little  hard  for  laundry  uses.  The  hi^h 
color  is  a  little  disquieting,  but  may  be  due  to  marshy  drainage  or  a  foul  condition  of  the 
pipes.  It  is  undoubtedly  the  best  water  in  this  section.  The  water  of  the  deep  wells  it 
the  brewery,  one  of  which  was  assayed,  is  very  much  harder  and  contains  an  appreciable 
amount  of  sulphates.  It  is  used  for  steam  making  at  this  establishment  and  causes  con- 
siderable trouble  in  the  boilers,  as  might  be  expected. 

Field  assays  of  vxUer  from  Graham j  Va.,  and  Bluejidd,  W.  Va. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) , 

Total  hardness  (as  CaCOi) . 

Alkalinity 

Sulphates  (SOa) 

Chlorides  (CI) 


Graham, 

Va., 

52-foot 

well. 


Bluefield,  W.  Va 


Public      700-fiK>t 
supply.  I     well 


0 
122 

0 
113 
111 
121 
bS 

9 


(«) 


146 


269 
C 
21 


o  Very  slight  trace. 


b  Estimated. 


GREENBRIER  RIVER. 


At  Hinton,  New  River  receives  an  enormous  amount  of  pollution  f rom  GnH?nbrier  River, 
an  important  tributary,  on  w^hich  the  conditions  are  very  unfortunate.  It  is  one  of  the  mo-^t 
beautiful  streams  in  the  State,  the  water  almost  always  being  very  clear,  but  it  is  poisoned 
at  its  very  source  by  privy  contamination. 

Durhin,  W.  Va. — Above  Durbin,  on  the  headwaters  of  the  stream,  there  are  a  great  many 
sawmills.  Sanitation  in  tliese  mill  camps  consists  in  building  the  privies  directly  over  the 
river  and  in  throwing  all  waste  and  refuse  either  into  the  stream  or  on  the  ground  near  by,  ■« 
that  they  can  be  washed  into  the  water.  At  Durbin  fecal  pollution  is  nauseatingly  abun- 
dant on  the  banks.  The  railroad  privy  is  so  locat<?d  as  to  discharge  into  the  river,  and  a  num- 
ber of  the  houses  drain  almost  directly  into  a  small  run  that  enters  the  river  at  this  point. 
More  heedless  contaminatipn  of  a  pure  and  beautiful  river  could  hardly  be  imagined.  Thi- 
field  assay  (p.  95)  shows  a  water  of  almost  perfect  purity,  its  high  color  being  the  only  objt'c- 
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WATER-SUPPLY   PAPER   NO.    161      PU  V 


A.     CHARACTERISTIC  VIEW  ON  NEW  RIVER.  WEST  VIRGINIA. 
Showing  rapid  flow. 


B.     HEAD  OF  BLUESTONE  RIVER,  WEST  VIRGINIA. 
Showing  existing  conditions. 
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tionable  feature.  The  water  of  the  84-foot  well  at  this  place  is  of  fair  quality,  not  too  hard 
for  laundry  use. 

MariirUon,  W.  Va. — Between  Durbin  and  Marlinton  the  contaniination  from  mill  camps 
is  as  bad  as  above  Durbin.  Marlinton,  the  largest  hamlet  in  this  .section,  is  a  pretty  and  rap- 
idly growing  lumber  town  of  about  ,500  population.  It  has  no  public  water  supply.  Green- 
brier River  at  this  point  shows  an  increase  in  hardneas,  but  is  still  a  very  soft  water  (see  table 
below).  The  poUution  at  Marlinton  from  outhouses  is  considerable.  A  quasi  public  supply 
is  piped  into  the  railroad  tank,  and  thence  into  a  few  buildings,  from  Knapp  Creek,  a  little 
trout  stream,  comparatively  clean  and  pure.  The  field  assay  shows  the  Knapp  Creek  water 
to  be  of  excellent  quality  for  any  purpose.  Still  better  is  the  water  of  the  large  spring  that 
is  pip>ed  to  two  banks  and  a  boarding  house  in  the  town.  There  is  practically  no  mineral 
impurity  in  this  water  except  the  iron.  The  high  color  is  probably  due  to  the  nature  of  the 
drainage.     It  is  the  best  supply  in  this  section. 

RonceverUf  W.  Va. — Between  Marlinton  and  Ronceverte  (population  about  1,000)  there 
is  a  scanty  population  and  but  little  drainage  from  houses.  It  is  unfortunate,  however, 
that  at  almost  every  place  where  there  is  a  house  a  privy  either  overhangs  the  stream  or 
stands  close  to  it.  The  Ronceverte  water  supply  is  pumped  directly  from  Greenbrier  River 
into  a  reservoir,  whence  it  flows  by  gravity  into  the  mains.  It  is  used  unpurified  for  all  pur- 
poses, and  the  townsp>eople  regard  it  as  pure,  water,  because  there  are  no  houses  directly 
above  the  intake.  In  the  light  of  the  above  discussion  of  Allegheny  and  Monongahela 
rivers  it  is  plain  that  self-purification  in  this  stream  is  a  negligible  factor.  While  by  no 
means  an  unusually  rapid  stream,  it  is  too  small  for  navigation,  and  its  occasional  pools 
are  separated  by  numerous  stretches  of  swift  water.  It  is  so  grossly  polluted  from  its  very 
source  to  a  point  a  mile  or  two  above  the  pumping  station  as  to  leave  no  doubt  of  its  unhealth- 
fulness  when  used  raw  as  a  public  supply.  Ronceverte  is  not  sewered,  and  its  drainage  and 
that  of  the  railroad  shops  at  this  point  form  an  important  contribution  to  the  river. 

Alderson,  W.  Va. — At  Alderson,  about  8  miles  below  Ronceverte  (population  800),  there 
is  no  public  supply.  The  water  of  the  80-foot  well  (assay  below)  is  a  typical  ground  water  of 
this  locality.  Although  very  hard,  it  is  a  good  water  for  drinking,  the  well  being  carefully 
cased  into  the  rock.    There  is  much  defilement  of  the  river  at  this  point  from  outhouses. 

TalccUj-W.  Va. — At  Talcott,  a  hamlet  of  a  few  families,  10  miles  above  Hinton,  some 
privies  overhang  the  river.  Dejecta  from  these  drop  directly  into  the  river,  and  could  cer. 
tainly  infect  supplies  below  in  a  few  hours. 

Fidd  assays  ofuxUerfrom  Greenbrier  River  basin. 
[  Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardnesB  (as 

CaCOa) 

Allcalinity 

Sulphates  (SOi) 

Chlorides  (CI) 


Durbin. 


84-foot 
well. 


0 
22 

.6 
40 

66 
58 
0 


Green- 
brier 
River. 


Marlinton. 


Green- 
brier 
River. 


Marlin- 

I      ton 


CrJk     I   spring. 


0 
35 

2 
34 

35 
24 

0 ; 


a  Very  slight  trace.  b  Slight  trace. 

NEW  RIVER  FROM  GREENBRIER  RIVER  TO  GAT7I.EY  RIVER. 

HifUonj  W.  Va. — Hinton  (population  4,,500)  is  an  important  town   commercially  and 
ft  railroad  divi3ion  bead<^uarters.    Sanitary  wnditions  arc  unfortunate  here.     The  water 
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supply  of  the  town  is  pumped  raw  from  Greenbrier  River,  about  a  mile  above  Hinton.  k 
view  of  the  above-deacnbed  conditions  in  that  stream  the  quality  of  this  supply  ne«HL>  :^i 
comment. 

At  the  junction  of  Greenbrier  and  New  rivers  there  is  in  the  stream  a  sharply  markec 
dividing  line  between  the  clear  Greenbrier  water  and  the  muddy  brown  current  of  NVw 
River.  The  drainage  area  of  New  River  yields  to  that  stream  a  great  deal  of  silt  and  cIbt. 
besides  ore  washings  from  mines,  so  that  a  summer  shower  will  make  its  water  very  turbic 
for  several  days,  yet  will  not  appreciably  cloud  the  Greenbrier.  Field  assay  shows  that  tht 
water  of  New  River  is  of  fair  quality  except  for  this  feature.  Sedimentation  in  properlj 
constructed  basins  would  make  it  very  good  for  industrial  purposes.  Hie  aocumuUud 
pollution  of  Greenbrier  and  Bluestone  rivers  should  bar  it  from  use  as  a  source  of  domestk 
supply,  yet  it  is  so  used  at  some  places. 

Between  Hinton  and  Thurmond,  on  New  River,  there  is  no  town  of  more  than  about  IXlfX) 
population.  The  hamlets  are  massed  along  the  river  bank,  house  after  house  having  \u 
privy  located  on  the  river,  so  that  no  one  would  be  inclined  to  drink  the  raw  water  at  Thur- 
mond (population  450)  after  inspecting  the  contamination.  It  is  nevertheless  pumped  for 
domestic  purposes,  though  not  for  drinking  by  guests,  at  the  laige  hotel  at  that  town  belov 
the  mouth  of  Thurmond  Creek, 

Field  assays  show  the  turbidity  of  Thurmond  Creek,  a  rapid  mountain  stream  drainiog 
a  coal  region,  to  be  somewhat  less  than  that  of  the  main  stream  and  its  quality  to  be  fair  in 
other  respects.  It  is  poUuted  by  drainage  from  a  cluster  of  houses  about  100  feet  above  th<> 
mouth. 

PI.  V,  A  gives  some  idea  of  the  rapidity  of  the  current  of  New  River  at  this  point  and 
makes  unnecessary  the  discussion  of  its  profile.  It  is  evident  that  a  stream  so  rapid  will 
show  very  little  self-purification,  so  that  pollution  entering  at  any  point  will  be  carried  down- 
stream practically  unchanged,  except,  perhaps,  as  to  the  coarser  matters,  for  many  miliT> 
below.     The  domestic  use  of  this  water  raw  at  Thurmond  is  veiy  dangerous. 

Field  assays  of  water  from  New  River  and  Thurmond  Creek. 
[  Farts  per  million.] 
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a  Very  slight  trace. 


^  Estimated. 


B<»low^  Thurmond  tlie  banks  of  the  river  are  thickly  dotted  on  both  sides  with  Kttle  ham- 
lets inliabited  by  coal  miners.  The  Chesapeake  and  Ohio  Railroad  runs  along  the  west  bank 
and  the  Kanawha  and  Michigan  Railroad  along  the  east  bank.  At  eveiy  station  privil'^ 
overhang  tlic  banks,  sometimes  half  a  dozen  within  a  few  feet.  Although  the  total  popula- 
tion as  far  down  as  Montgomery  is  not  over  a  few  thousand,  it  is  unfortunately  true  that 
nearly  all  its  excrement  discharges  into  the  stream. 


GAU1.EY    RIVER. 


What  has  Ix'on  said  of  New  River  is  also  true  of  Gauley  River,  a  beautiful  stream  enter- 
ing New  River  at  Gauley  Bridge,  a  village  of  a  few  hundred  population.    At  Camden,  near 
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tlie  source  of  the  Gauley,  the  water  is  very  clear  and  as  pure  as  any  found  in  a  state  of 
nature  so  far  as  dissolved  mineral  solids  are  concerned.  With  proper  sanitation  along  its 
course  the  stream  would  be  an  asset  of  great  value  in  the  wealth  of  the  State.  The  privy 
of  the  railroad  station  at  Camden  on  the  Gauley  is  located  on  the  bank  of  the  stream,  so  that 
excreta  may  seep  from  it  into  the  water  at  all  tinfbs  and  ordinary  rains  may  wash  much 
pollution  into  the  stream.  As  the  population  of  this  section  is  very  small  the  sum  total  of 
the  pollution  as  far  down  as  Gauley  Bridge  is  not  great.  The  field  assay  at  Gauley  Bridge 
shows  that  the  Gauley  at  this  point  is  still  a  very  pure  and  clear  stream,  its  waters  being 
sharply  defined  against  the  yellow  current  of  New  River.  A  sample  of  Cherry  River,  the 
principal  branch  of  Gauley,  taken  at  Richwood,  shows  water  of  the  same  character,  although 
somewhat  highly  colored.  Much  lumbering  is  carried  on  in  this  section  and  there  is  some 
pollution  of  the  stream  by  the  floating  population  of  the  lumber  camps,  so  that  at  Rich- 
iwood  the  water  of  Cherry  River  is  not  used  for  drinking.  This  follows  the  rule  ob8er\^ed  in 
other  sections — that  the  small  towns  at  the  head  of  a  polluted  stream  are  the  first  to  a'bandon 
its  use  as  a  water  supply.  The  water  supply  of  Richwood  is  derived  from  drilled  wells  that 
range  in  depth  from  200  to  300  feet.  The  water  is  of  very  good  quality  for  a  water  drawn 
from  this  depth.  It  is  fairly  soft  and  should  be  quite  satisfactory  for  general  use,  although 
it  is  by  no  means  equal  to  the  water  of  Cherry  or  Gauley  rivers  ;f  they  are  kept  clean. 

Richwood  is  the  principal  town  drained  by  the  Gauley.  There  are  a  number  of  small 
communities  besides,  but  it  is  probable  that  the  total  population  of  the  area  drained  is  not 
over  3,000.  It  would  require  only  the  most  ordinary  care  to  keep  this  stream  pure  and 
undefiled. 

Fidd  assays  cf  waters  ofGavley  River  basin. 

[Parts  permiUioD.] 
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There  are  very  few  springs  in  this  section  and  most  of  these  fail  during  the  latter  part  of 
the  summer.  The  spring  at  Fayette,  which  comes  out  of  the  rock  beside  the  railroad  track, 
a  hundred  yards  or  so  below  the  railroad  station,  is  much  used  for  drinking.  Its  water  is 
very  soft,  but  the  high  chlorides  are  disquieting.  The  spring  at  Kanawha  Falls  is  much 
larger  and  is  piped  down  from  the  rock  for  the  use  of  the  village,  which  has  a  population  of 
about  100.     It  is  a  typical  soft  water. 

KANAWHA   RIVER  FROM   OADLET   BRIDGE   TO   ELK   RIVER. 

Below  Gauley  Bridge,  New  River  becomes  the  Kanawha  and  is  lined  on  both  banks  with 
coal-mining  hamlets,  all  contributing  privy  droppings  to  the  stream. 

The  field  assay  of  Kanawha  River  at  Gauley  shows  a  poor  water  in  comparison  with  that 
of  the  Gauley  or  of  Cherry  River.  The  stream  was  fairly  clear  at  the  time  of  the  assay — a 
rare  condition.  The  channel  is  very  rocky  and  rough,  the  river  in  many  places  flowing 
over  bare  ledges  of  rock.  Although  many  coal  mines  discharge  into  the  stream  with  more 
or  less  regularity,  the  traces  of  iron  and  sulphates  are  so  slight  as  to  show  that  so  far  as  the 
disinfecting  influence  of  mine  drainage  is  concerned  the  consumers  of  this  water  have  ng 
protection. 

IRR  161—06 7 
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MorUgomeryf  W.  Va. — In  spite  of  pollution  the  raw  water  is  tised  as  a  public  supply  at 
Montgomery.  At  this  place  the  belief  is  entertained,  as  at  other  places  in  the  MonoDgmhek 
basin,  that  the  mine  drainage  entering  the  river  exercises  sufficient  germicidal  influence  in 
the  water  to  make  it  safe  for  drinking.  Jhe  field  assays  of  water  from  New  and  Kanawha 
rivers  fail  to  disclose  a  single  instance  where  there  was  free  acid  in  the  water  or  where  the 
sulphate  and  iron  contents  indicated  the  presence  of  mine  drainage  to  more  than  a  alight 
degree.  Inspection  of  both  shores  of  the  river  from  its  source  down  to  the  mouth  at  Point 
Pleasant  reveals  no  considerable  outfall  of  mine  drainage.  While  there  are  a  large  number 
of  mines,  there  seems  to  be  very  little  acid  water  coming  out-of  them,  certainly  not  enough 
to  be  of  any  sanitary  importance. 

The  quality  of  ground  water  obtainable  at  this  point  is  shown  by  the  field  assay  of  water 
from  the  145-foot  well  at  Montgomery.  It  is  too  hard^to  be  very  satisfactory  for  domestic 
uses  and  its  slight  cloudiness  casts  some  doubt  on  the  safety  of  the  well  from  contamination. 

Fidd  assays  of  waters  from  upper  Kanawha  Inuin. 
[Parts  per  million.] 
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a  Slight  trace. 


6  Estimated. 


ELK  RIVBE. 


Sutton  and  Clay^  W.  Va. — Elk  River  is  used  raw  for  public  supply  at  Sutton  (popula- 
tion, 1,200),  about  40  miles  below  its  source  at  Webster  Springs.  Previous  to  the  use  of 
the  stream  water  as  a  public  supply  at  Sutton  (assay  on  p.  99)  there  was  much  typhoid  fever, 
traceable  to  the  use  of  contaminated  wells.  The  local  physicians  claim  that  there  has 
been  a  great  falling  off  in  the  number  of  typhoid-fever  cases  since  the  introduction  of  the 
river  water.  Sutton  drains  into  the  stream,  and  below  it  a  number  of  small  hamlets 
contribute  their  pollution,  especially  in  the  neighborhood  of  Clay  (population,  1,000), 
the  county  seat  of  Clay  County.  A  large  mining  population  drains  into  the  stream  from 
this  town  down  to  Charleston,  so  that  the  raw  water  can  not  be  considered  safe  for  domestic 
use  at  any  point  below  Sutton. 


KANAWHA   RIVER  AT  AND  BELOW   CHARLESTON,  W.  VA. 

Charleston,  W.  Va. — The  lai^gest  town  in  the  southern  half  of  the  State  is  Charleston  (popu- 
lation, 15,000),  which  has  gained  amazingly  in  wealth  and  population  within  the  last  few 
years.  It  is  in  advance  of  other  places  in  this  section  in  recognizing  the  fact  that  the  water 
of  Kanawha  River  is  unfit  for  use.  Its  public  supply  is  drawn  from  Elk  River,  a  stream  of 
great  natural  beauty,  similar  to  Cherry  River  and  Gauley  River. 

The  intake  of  the  Charleston  waterworks  is  about  a  mile  and  a  half  above  the  mouth  of 
Elk  River;  at  this  point  the  current  of  both  Kanawha  and  Elk  rivers  is  very  sluggish,  form- 
ing a  stagnant  pool,  polluted  by  the  city  sewage  outfaUs.    The  water  company  is  planning 
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to  move  the  intake  upstream,  so  as  to  guard  against  this  pollution  being  backed  up  to  the 
intake  by  wind.  The  company  is  also  considering^  the  installation  of  a  crib  in  the  bed  of  Elk 
River.  The  present  plant  is  excellent  so  far  as  it  goee^  there  being  eight  modern  filter  units 
in  use.  This  plant,  however,  is  sufficient  to  purify  only  about  one-third  of  the  daily  con- 
sumption, so  that  the  present  procedure  consists  of  filtering  one-third  of  the  supply  and 
then  mixing  the  pure  water  with  the  polluted  water  from  Elk  River.  The  installation  of 
a  crib  for  Charleston  water  supply  would  be  of  no  value  whatever,  as  it  would  only  clarify 
the  water  and  would  not  purify  it  from  organic  contamination.  In  view  of  the  large  invest- 
ment  already  made  in  mechanical  filters  at  this  point,  it  would  seem  best  to  buy  a  sufficient 
number  of  additional  filters  and  provide  for  their  economical  operation,  insuring  a  safe 
water  supply  from  one  of  the  purest  streams  in  the  State  so  far  as  mineral  contents  are  con- 
cerned.   Public  opinion  will  probably  compel  some  such  plan  in  the  near  future. 

The  quality  of  ground  water  obtainable  at  Charleston  is  not  very  good  for  domestic  uses- 
Field  assays  (below)  of  the  two  deep  wells  here  show  that  the  water  of  one  is  fairly  soft  for 
water  drawn  from  so  great  a  depth.  It  is,  however,  ex^,remely  high  in  iron,  which  leaves  a 
heavy  yellow  deposit  on  the  tanks  through  which  it  passes.  The  other  well  is  so  high  in 
chlorides  that  it  would  probably  give  trouble  in  boilers.  Both  waters  are  allowed  to  pour 
out  of  pipes  into  wooden  tanks  so  arranged  as  to  allow  free  oxidation.  The  water  is  then 
used  in  the  manufacture  of  ice. 

St.  AlbanSf  W.  Va. — St.  Albans  (population,  1,200),  about  15  miles  below,  is  located  at 
the  point  where  Coal  River  enters  the  main  stream.  The  field  assay  of  Coal  River  (below) 
shows  it  to  be  of  good  quality  except  for  high  turbidity  and  color,  both  due  to  the  nature 
of  the  drainage  area,  which  is  mostly  a  heavy  red  soil  in  a  forest  country,  rapidly  being 
denuded.  There  is  no  public  supply  at  St.  Albans.  The  70-foot  well  assayed  is  tjrpical 
and  shows  a  rather  hard  water  for  domestic  purposes.  From  this  point  the  river  flows 
through  a  rolling  farming  country,  with  scattering  hamlets  along  the  banks,  the  largest 
town  being  Winfield  (population,  500).  The  stream  is  not  used  for  public  supply  below 
Montgomery. 

Field  assays  ofioaler,  Kanawha  basin. 
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a  Minute  trace. 


b  Slight  trace. 
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OHIO  RIVER  FROM  KANvVW^HA  RI\rER  TO  BIG  SANDY  RIVER. 

OUYANDOT  AND  MUD  RIVERS. 


Below  the  confluence  of  the  Ohio  and  the  Kanawha  there  are  no  important  towns  above 
Huntington,  where  two  small  streams  enter,  both  muddy  and  sluggish.  Guyandot  River 
drains  a  rather  flat  valley  in  southwestern  West  Virginia,  and  there  are  no  large  towns  on 
its  drainage  area.  It  is  much  used  to  raft  lumber  down  to  Ohio  River  and  is  much  polluted 
The  field  assay  (p.  100)  of  the  stream  at  its  mouth  at  Guyandot  (population,  1,800)  shows 
very  high  turbidity;  otherwise  the  water  is  of  fair  quality  for  industrial  purposes.    Mud 
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River,  a  tributary  of  the  Guyandot,  joining  it  at  BarboursviUe,  drains  a  well-populated 
section  along  the  line  of  the  Chesapeake  and  Ohio  Railroad.  The  largest  town  on  thi: 
stream  is  Milton  (population,  100).  At  this  point  a  somewhat  interesting  experiment  was 
made  by  the  railroad  in  the  attempt  to  get  boiler  water  free  from  high  turbidity.  A  pool. 
8  by  8  feet  and  18  feet  deep,  was  dug  about  100  yards  from  the  river  bank,  the  water  seep- 
ing through  the  bank  from  the  stream  into  the  pool.  This  water  was  pumped  to  a  tank 
for  locomotive  use,  but  has  been  for  sometime  abandoned.  Comparison  of  field  aasajs 
show  that  the  water  gained  about  50  per  cent  in  hardness  by  its  filtration  through  the 
ground  and  lost  only  about  one- third  of  its  turbidity,  the  particles  of  soil  probably  being 
.too  fine  to  be  caught  by  the  filtration.  Both  Mud  River  and  the  Guyandot  would  be  suit- 
able for  industrial  use  if  properly  sedimented  with  coagulant  so  as  to  remove  the  suspended 
matter. 

OHIO  BIVER   AT  HUNTINGTON,   W.   VA. 

The  water  supply  of  Huntington  (population,12,000)  is  drawn  from  Ohio  River,  filtered. 
As  the  river  receives  the  drainage  of  Kanawha  and  Guyandot  rivers  in  West  Virginia  and 
Raccoon  Creek,  Guyandot  Creek,  and  Symes  Creek,  Ohio,  near  Huntington,  the  waU>r 
must  be  purified  to  a  high  degree  to  be  safe  for  drinking.  For  this  reason  the  compIet«*- 
ness  of  the  equipment  of  the  Huntington  waterworks  should  be  a  matter  of  local  pride 
and  general  congratulation.  Huntington  has  the  best  filtration  plant  in  West  Viiginia — 
perhaps  the  only  one  employing  a  bacteriologist.  It  is  controlled  by  the  American  Wal<*r- 
works  and  Guarantee  Company,  which  employs  Doctor  Witherell  to  make  serial  analyses 
here  as  at  Newcastle  and  Butler,  Pa.  The  plant  pumps  from  Ohio  River  by  means  of  five 
large  mains,  separately  controlled  by  gate  valves  and  opening  at  varying  distances  from 
the  shore  so  that  the  disturbance  of  the  water  resulting  from  variations  in  the  height  of 
the  river  can,  to  some  extent,  be  counteracted  by  pumping  from  difl'erent  levels.  The  sedi- 
mentation basins  are  very  large  and  discharge  the  clarified  water  into  six  modem  »tee\ 
filter  tanks  designed  by  the  company,  differing  slightly  from  the  Jewell  type  in  the  form  of 
cleaning  apparatus  and  in  minor  details.  The  pure  water  is  caught  in  a  lai^ge  tank  below 
the  filters  and  pumped  into  the  mains.  The  plant  is  kept  in  fine  condition  within  and 
without  and  is  in  every  way  a  credit  to  the  town. 

The  field  assay  shows  the  efiluent  from  the  mechanical  filters  to  be  of  very  good  quality, 
the  mineral  content  being  not  appreciably  higher  than  that  of  the  raw  water  at  Pittsburg. 
The  incrusting  solids  are  not  high  enough  to  cause  trouble  in  boilers.  A  fair  quality  of 
ground  water  is  obtained  in  this  section,  the  field  assay  below  being  of  water  from  a  57-foot 
well  at  the  machine  shop.  The  wells  in  this  section  range  from  50  to  70  feet  deep,  the  one 
given  being  typical. 

Field  assays  ofwaierfrom  MUtoUt  Guyandot ,  and  Huntington,  W.  Va. 

[Parts  per  million.] 


Determination. 


Turbidity. 
Color 


Iron  (Fe) , 

Calcium  (Ca) , 

Total  hardness  (as  CaCOj) . 

Alkalinity 

Sulphates  (SOj) 

Chlorides  (CI) , 


a  Very  slight  trace. 


I 


Milton. 


I    8  by  8 
foot  well. I 


Mud 
River. 


I 
180  I 
80| 
0  I 
107  |. 
118  I 
96  I 
I 


1  I 


b  Slight  trace. 


300 
35 
0 


Guyan- 
dot. 


Huntington. 


Guyan- 
dot 
River. 


667 
45 

(«) 

Some. 

55 

13 

0 

10 


57- foot 
well. 


0 
22 

1.25 
179 


159 

e20 

29 


c  Estimated. 
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TWELYEPOLE  CREEK. 

Twelvepole  Creek,  which  enters  the  Ohio  at  Kenova,  drains  a  long,  narrow  valley  con- 
taining a  scattering  farming  population. 

Ihmlow,  W.  Va. — Dunlow,  near  the  head  of  the  stream,  is  a  small  village  without  either 
public  water-supply  or  sewerage.  The  well  assayed  (below)  is  at  the  railroad  station  and  is 
disused.  The  high  color  of  the  water  is  due  to  debris  thrown  into  the  well.  Evidently  a 
fair  quality  of  water  could  be  obtained  here.  The  spring  water  is  much  softer  but  is  liable 
to  high  turbidity  after  excessive  rain,  as  at  the  time  the  assay  was  made.  Tho  supply  i*  too 
small  to  be  of  value  except  for  private  uses.  The  field  assay  of  the  creek  (  below  )  shows  excel- 
lent water  except  for  the  high  suspended  matter.  The  hardness  is  very  low,  probably  being 
mostly  magnesium  carbonate.  For  any  industrial  purposes  this  water  could  be  made  avail- 
able by  plain  sedimentation.  It  is  somewhat  used  for  drinking  purposes  in  the  raw  state 
and  evidences  of  privy  contamination  are  plentiful. 

Wayne,  W.  Va. — ^The  stream  follows  the  course  of  the  railroad  and  receives  dejecta  from 
outhouses  at  every  station,  so  that  at  Wayne  (population  400)  the  most  considerable  town 
on  its  drainage  area,  it  is  altogether  unfit  for  use.  There  is  a  deplorable  scarcity  of  water  at 
Wayne,  the  well  assayed  (a  dug  well)  being  the  only  important  source  of  supply.  Although 
this  water  is  of  good  quality  so  far  as  mineral  matter  is  concerned,  the  well  is  liable  to  surface 
contamination,  being  partly  supplied  from  the  roofs  of  the  court-house,  which  are  guttered 
to  lead  into  it.  There  are  no  drilled  or  bored  wells  in  the  town.  In  summer  all  the  ground 
water  fails,  when  water  \a  drawn  from  Twelvepole  Creek  and  used  raw.  Conditions  here  are 
very  bad. 

Field  assays  of  water  ftom  Ihirdow  and  Wayne,  W.  Va. 

[PartB  per  million.] 


Determination. 


Turbidity . 
Color 


Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOi) . 

Alkalinity 

Sulphates  (SO«) 

Chlorides  (CD 


Dunlow. 


Twelve- 
pole 
Creek. 


350 
35 


Spring. 


250 

35 

Trace. 


Wa^ne.. 


66-foot       60-foot 
well.  well. 


0 

4-200 

12 

36 


0 
17 
.75 
Trace. 


48 

\ 

42 

36 

75 

23 

0 
9 

0 

15 

9. 

a  Estimated. 
BIG  SANDY   KIVER  BA8IN. 
TUG    FORK    OF    BIG    SANDY    RIVER. 


Tug  Fork  of  the  Big  Sandy,  which  forms  part  of  the  boundary  line  Ixitween  West  Virginia 
and  Kentucky,  probably  carries  more  offensive  pollution  than  any  stream  in  West  Vii^inia, 
which  is  saying  a  great'  deal.  It  has  its  rise  near  the  Virginia  line  and  flows  through  a 
densely  populated  coal  region,  its  tributaries  and  its  own  banks  being  lined  at  every  possible 
opportunity  with  privies  and  other  sources  of  pollution. 

North  Fork,  W.  Va. — North  Fork,  a  typical  coal  camp  of  this  section,  has  a  public  supply 
from  a  90-foot  well,  said  to  be  carefully  cased  (see  assay  on  p.  103).  The  only  safe  water  in 
this  section  is  that  drawn  from  such  sources.  The  Norfolk  and  Western  Railway  has  put 
down  wells  at  approximately  this  depth  all  along  its  line.  A  few  of  these  are  not  in  use,  but 
the  majority  of  them  furnish  fair  water.    The  field  assay  shows  this  well  water  to  be  some- 
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what  hard,  the  high  sulphates  making  it  undesirable  for  use  in  steam  making.  Tug  Foik  is 
incredibly  polluted  in  its  course  through  this  town.  A  large  negro  population  lives  in 
squalid  huts  along  its  banks  and  dischaiges  excreta  continually  into  its  waters,  the  privies 
being  thickly  clustered  together  in  places.  The  stream  is  very  small  at  this  point,  running 
probably  not  more  than  a  few  second-feet  in  dry  times,  so  that  the  state  of  affairs  can  be 
readily  imagined. 

Wdch,  W,  Fa.— At  Welch  (population  600),  the  largest  town  at  the  head  of  the  creek,  the 
extent  of  the  pollution  going  into  the  stream  is  probably  greater,  but  the  public  supply  is 
rather  carefully  guarded.  It  is  derived  from  200-foot  wells,  which  are  pumped  to  reser- 
voirs. The  field  assay  (p.  103)  shows  this  to  be  very  hard  water,  undesirable  for  any  purpose 
except  drinking.  The  assay  of  the  Norfolk  and  Western  well  at  this  point  is  interesting  for 
comparison  with  that  at  North  Fork,  which  shows  a  somewhat  better  water.  The  chief 
impurities  are  calcium  carbonate  and  chloride.  For  industrial  uses  the  water  of  Tug  Fork 
is  far  better  than  either. 

Panther f  W.  Va. — ^A  characteristic  case  of  water-supply  pollution  in  this  State  may  be 
seen  at  Panther,  a  small  lumber  hamlet  (population  100)  situated  at  the  confluence  of 
Panther  Creek  with  Tug  Fork.  PL  VI  gives  two  views  showing  the  character  of  the  pollu- 
tion at  this  point.  The  upper  picture  shows  a  number  of  houses  located  on  the  creek  nbout 
a  mile  above  its  mouth. 

It  is  evident  that  drainage  from  these  privies  and  from  the  houses  must  continually  find  its 
way  into  the  creek.  About  100  feet  above  the  mouth  of  this  creek  is  the  intake  pipe  by 
which  its  water  is  pumped  into  a  laige  tank  for  supplying  the  mill  and  the  town.  The  mill- 
dam  crosses  Tug  Fork  at  a  point  a  short  distance  below  the  mouth  of  Panther  Creek.  The 
lower  picture  shows  the  greater  part  of  the  mill,  with  a  large  privy  close  to  the  boiler  house 
and  another  across  Panther  Creek  on  the  left  bank  of  the  Tug  Fork.  It  is  evident  that 
heavy  rains  may  at  any  time  cause  a  sufficient  rise  in  Tug  Fork  to  carry  contamination 
from  either  or  both  these  privies  into  the  intake  pipe  on  the  creek.  This  supply  is  filthy. 
Typhoid-fever  statistics  are  unobtainable,  but  a  practicing  physician  in  this  neighborhood 
informed  the  writer  that  he  had  more  cases  of  typhoid  fever  than  of  anything  else. 

The  field  assay  (p.  103)  shows  the  water  of  Panther  Creek  to  be  very  excellent  as  to  inor- 
ganic content. 

WiUiaTnaon,  W.  Va. — Between  Panther  and  Williamson,  a  distance  of  about  35  miles, 
numerous  thriving  little  hamlets  scattered  along  the  river,  each  having  a  population  of  a  few 
hundred,  add  a  large  amount  of  privy  pollution  to  its  water.  Notwithstanding  this  state  of 
affairs,  which  is  well  known  to  all  who  travel  on  the  Norfolk  and  Western  Railroad,  the  raw 
water  b  used  as  a  source  of  public  supply  at  Williamson  (population  1,800).  A  number  of 
the  citizens  realize  the  danger  of  using  this  polluted  water  and  efforts  are  being  made  t-o  nuse 
enough  money  to  provide  a  pure  supply.  It  has  been  planned  to  build  a  filter  well  in  the  hed 
of  Tug  Fork  for  this  purpose.  This  would  free  the  supply  from  the  high  turbidity  which  is  at 
present  one  of  its  drawbacks  and  would  .make  the  tap  water  clear  and  inviting,  but  would  not 
assure  safety  to  the  consumers  from  water-borne  disease.  No  really  satisfactory  supply  can 
be  gotten  for  Williamson  by  this  means.  Either  a  complete  ground-water  system  should 
be  installed  or  steps  should  be  taken  to  provide  a  mechanical  filter.  The  quality  of  the 
ground  water  obtainable  here  is  shown  by  the  field  assay  of  the  Norfolk  and  Western  Rail- 
road well  at  the  station.  Although  somewhat  hard  it  is  good  water,  quite  satisfactory  for 
general  use,  and  if  the  well  were  properly  cased  would  be  free  from  danger  of  poUution. 
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A,  One-half  mile  above  intake;   B,  50  feet  below  intake. 
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Fidd  assays  of  uxUer  from  hasin  of  Big  Sandy  River, 
[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardDeas  (as  CaCOa) . 

Alkalinity 

Sulphates  (S0») 

Chlorides  (CI) 


North- 

Tork, 

W.  Va. 


Welch,  W.  Va.        Panther. 


90-root 
well. 


0 
22 

2.5 
96 


Well. 


77 
106 
20 


0 
10 

1 
56 
132 
58 
a5 
62 


200-foot     Panther 
well.        Creek. 


0 
34 

1.25 
110 


43 
115 


Williamson.  W.Va. 


well. 


120 
9 


Fork 


0 
44 

0 
27 

62 

28 

a20 

14 


a  Estimated. 


BIQ   SANDY   RIVER   BELOW   TUG    FORK. 


Kenova,  W.  Va. — Kenova  (population  1,(X)0),  a  few  miles  below  Huntington,  formerly 
took  its  water  from  driven  wells.  The  supply  is  now  drawn  from  Big  Sandy  River  with- 
out purification.  The  field  assays  show  this  to  be  a  much  better  water  for  any  purpose 
than  that  of  the  Ohio  River,  the  extremely  high  turbidity  of  the  Ohio  putting  it  out  of 
the  question  for  industrial  uses  before  filtration. 

Fidd  assays  of  water  from  Big  Sandy  and  Ohio  rivers  at  Kenova,  W.  Va, 
[Parts  per  million.] 


Determination. 


Turbidity 

Color 

Iron  (Fe) 

Calcium  (Ca) 

Total  hardness  (as  CaCOt) 

Alkalinity 

Sulphates  (SOa) , 

Chlorides  (CI) 


0 

422 

70 

44 

0 

0 

51 

50 

49 

69 

78 

52 

10 

a  10 

19 

24 

a  Estimated. 


SUMMARY  OF  CONDITIONS  BELOW  PITTSBURG. 

The  water-supply  problems  before  municipalities  on  Ohio  River  and  on  the  Kanawha 
are  not  fundamentally  different  from  those  confronting  towns  on  Allegheny  and  Monon- 
gahela  rivers.  In  the  case  of  the  Ohio  we  have  seen  that  although  the  water  is  heavily 
contaminated  by  sewage  from  over  half  a  million  people,  it  is  extensively ^sed  for  drink- 
ing in  its  raw  state.  The  only  possible  plea  for  such  use  is  that  there  is  self-purification 
going  on  in  the  river.  No  elaborate  argument  is  needed  to  show  the  fallacy  of  this  plea 
after  the  discussion  already  presented.  It  is  sufficient  here  to  say  that  conditions  on  the 
Ohio  are  leas  favorable  to  purification  by  detention  than  on  the  Monongahela,  where 
purification  has  been  shown  to  be  imperfect  or  inefficient.  For  this  inefficiency  there  are 
two  reasons:  First,  although  the  Ohio  is  well  canalized,  its  greater  slope  and  greater  quan- 
tity of  water  make  its  velocity  considerably  higher  than  that  of  the  Monongahela;  second, 


104  WATER   IN   UPPER   OHIO   BASIN    AND    AT   ERIE,  PA. 

enormous  freshets,  which  occur  in  the  Monongahela  in  the  spring,  happen  rauch  more  fre- 
quently in  the  Ohio,  every  heavy  rain  causing  a  sharp  rise,  and  as  the  differenoe  hetween 
high  and  low  water  in  this  river  is  50  feet  or  more,  it  is  perfectly  clear  that  pathogenic 
material  deposited  at  the  bottom  by  sedimentation  could  be  scoured  out  at  frequent  inter- 
vals, poisoning  the  water  for  use  as  a  source  of  public  supply.  The  only  way  to  obtain 
pure  water  from  the  Ohio  is  to  resort  to  filtration,  and  the  experience  of  numerous  towns 
in  the  valley  and  on  the  Mississippi  River  has  shown  that  for  this  turbid  water  mechan- 
ical filtration  is  more  practicable  than  slow  sand  filtration.  This  is  partly  because  of  the 
ability  of  small  towns  to  purchase  and  operate  a  small  filter  plant,  the  cost  of  the  English 
system  being  prohibitive,  and  partly  because  waters  of  such  high  turbidity  clog  sand  filters 
very  rapidly,  causing  a  greatly  increased  operating  expense. 

In  spite  of  these  conditions,  on  the  whole  stretch  of  stream  between  Pittsbuig,  Pa., 
and  Catlettsburg,  Ky .,  there  is  but  one  town — Huntington,  with  about  12,000  inhabitants— 
efficiently  operating  a  filtration  plant,  and  but  three  towns  where  natural  filtration  of  any 
importance  has  been  attempted — ^Moundsville  and  Point  Pleasant,  in  West  Virginia,  and 
Gallipolis,  in  Ohio.  The  typhoid  fever  statistics  obtainable  for  Gallipolis  condemn  all 
three  supplies,  and  it  is  altogether  likely  that  a  heavy  percentage  of  unreported  cases 
should  be  added  to  the  official  figures.  Altogether  there  is  urgent  need  in  this  section 
for  education  along  sanitary  lines. 

The  tributary  streams  seem  worse  than  the  Ohio,  because  they  are  so  much  smaller' 
and  the  contamination  is  so  much  more  apparent.  The  cases  noted  where  privies  are 
located  but  a  few  hundred  feet  or  a  few  miles  above  the  intake  of  a  public  supply  are  not 
cited  as  unusual  or  extreme  cases.  On  the  contrary,  in  describing  these  conditions,  an 
effort  has  been  made  to  speak  as  moderately  as  possible.  The  facts  themselves  are  suffi- 
ciently startling.  It  is  a  practically  universal  custom  in  West  Vii^nia  to  build  privies 
on  running  streams  if  it  is  possible  to  do  so  without  going  too  far  from  the  house.  This 
was  found  to  be  the  case  to  a  greater  or  less  degree  on  every  stream,  of  whatever  size, 
in  the  State.  As  a  result  every  stream  in  West  Virginia  is  grossly  polluted  and  at  the 
same  time  used  without  purification  for  domestic  water  supply. 

On  New  and  Kanawha  rivers  the  conditions  are  even  worse  than  on  the  Ohio,  on  account 
of  the  closely  collected  coal-mining  population  along  the  banks  of  the  streams.  The  veloc- 
ity of  the  water  in  these  streams  is  so  high  that  detention  is  a  negligible  factor  although 
the  Kanawha  is  to  some  extent  canalized,  and  the  only  influence  toward  self-purification 
that  need  be  considered  is  the  germicidal  effect  of  mine  drainage  and  ore  washings. 
It  has  been  shown  above  that  neither  sulphuric  acid  nor  the  sulphates  are  present  in  tiiis 
water  in  sufficient  quantity  to  make  them  at  all  comparable  with  the  waters  of  the  Monon- 
gahela and  Youghiogheny.  It  has  been  shown  such  influences  are  ineffective  in_  puri- 
fying the  Youghiogheny.  On  Kanawha  and  New  rivers  they  are  practically  negligible, 
being  just  sufficient  to  impart  unpleasant  qualities  to  the  water  without  having  any  germi- 
cidal effects. 

ERIE.  PA. 

The  city  of  Erie  (population,  60,000)  is  located  on  the  south  shore  of  Lake  Erie  and  of 
Presque  Isle  Bay,  a  small  body  of  water  about  4  miles  long  and  1}  miles  wide,  with  an 
average  depth  of  15  feet,  although  a  portion  of  the  bay  is  22  feet  deep.  The  bay  is  land- 
looked  save  at  the  eastern  end,  where  a  300-foot  channel  connects  it  with  Lake  Erie. 

The  first  city  supply  was  derived  by  gravity  from  a  spring-fed  reservoir.  On  the  aban- 
donment of  this  system,  many  years  ago,  the  supply  was  drawn  from  the  bay  at  a  point  975 
feet  north  of  the  southern  shore.  As  the  city  grew  in  population  and  the  sewers  of  many 
thousands  of  people  poured  their  daily  pollution  into  the  bay,  the  supply  speedily  became 
unfit  for  use,  and  in  1896  the  present  intake  was  built.  It  is  60  inches  in  diameter  and 
extends  for  8,000  feet  out  into  the  bay. 

The  present  supply  is  therefore  taken  from  what  is  practically  a  large  sedimentation  basin 
of  the  dimensions  above  given,  the  detention  in  which,  though  somewhat  disturbed  by  the 
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wind  and  the  rising  and  falling  of  the  lake  level,  would  yet  cause  great  improvement  in  the 
qual i ty  of  the  water  if  the  pollution  were  not  of  the  grossest  character.  The  fact  is,  however, 
that  the  contamination  is  so  offensive  in  kind  and  so  great  in  amount  as  to  make  the 
water  utterly  unfit  for  drinking  or  domestic  use  in  its  raw  state.  The  conditions  were  very 
well  summarized  by  Judge  Walling  in  his  recent  decision  of  the  suit  brought  by  certain  per- 
sons to  restrain  the  commissioners  of  the  city  of  Erie  from  proceeding  wiCh  the  improvement 
of  the  supply. 

The  city  is  situated  on  land  descending  to  the  bay,  into  which  the  contents  of  62  miles  of 
sewers  are  emptied,  and  which  also  receives  the  washings  from  31  miles  of  paved  streets  and 
much  filth  from  bams  and  other  buildings.  Nearly  10,000  water-closets  are  in  daily  use  in 
the  city,  the  discharge  from  which  is  carried  into  the  bay.  A  large  amount  of  garbage  and 
oflfal  is  also  thrown  into  the  bay  from  ships  in  the  harbor  and  from  fish  houses  and  other 
buildings  on  the  shores.  The  creeks  that  run  through  the  city  into  the  bay  are  practically 
open  sewers  from  the  county  farms  and  other  places  west  of  the  city.  The  city  of  Erie  is 
thus  using  the  bay  both  as  a  cesspool  and  as  a  source  of  water  supply.  With  the  sewage 
from  all  these  sources  daily  going  into  the  bay,  there  to  be  circulated  by  the  movements  of 
the  water  till  the  whole  is  simply  somewhat  diluted  sewage,  and  the  city  at  the  same  time 
pumping  its  water  out  of  the  pollution,  the  figures  showing  typhoid  mortality  seem  surpris- 
ingly low.  The  following  table,  taken  from  statistics  by  the  board  of  health  of  the  city  of 
Erie,  given  in  its  annual  report  for  1904,  shows  the  number  of  deaths  in  this  city  from  typhoid 
fever  as  well  as  the  rate  per  100,000  of  inhabitants,  from  1876  to  1904,  inclusive: 

Typhoid  mortality  at  Erie,  Pa. 


Year. 

Deaths. 

Rate  per 
100,000. 

Year. 

Deaths. 

Rate  per 
100,000. 

1876 

13 
10 
6 
7 
4 
17 
19 
6 
6 
10 
11 
7 
9 
19 
29 

20 
40 
23 
22 
14 
58 
62 
19 
18 
29 
31 
19 
23 
48 
71 

1891 

30 
24 
15 
17 
21 
18 
13 

8 
18 
18 

8 
13 
17 
27 

71 

1877 

1882 

65 

1878        

1898 

34 

1879 

1894 

37 

1880 

1 
1895 

45 

1881 

1896 

37 

1882.     

1897 

26 

1883 

1  1898 

16 

18S4 

,  1899 

35 

1885       

1 
1900 ■ 

34 

1886 

1901 

15 

1887 

1902 

25 

1888 

1908 

29 

1889 

1904 

46 

1800 

' 

That  the  figures  show  no  uniformity  of  increase  during  the  earlier  years  is  probably  due 
in  part  to  incomplete  returns  and  in  part  to  the  more  accurate  methods  of  diagnosis  of  the 
present  day,  which  distinguish  as  typhoid  fever  some  diseases  that  were  formerly  classified 
otherwise.  For  the  years  1887  to  1895  the  tendency  is  seen  to  be  quite  clearly  upward.  The 
extension  of  the  intake  pipe  in  1896  had  its  effect  in  lowering  the  mortality  rate  for  a  time,  as 
is  shown  by  the  steady  decrease  for  three  years,  1896  to  1898,  inclusive.  That  this  improve- 
ment could  continue  long  with  the  rapid  growth  of  population  and  coincident  increase  in 
pollution  was  not  to  be  expected.  With  the  exception  of  the  year  1901  the  figures  have 
climbed  steadily  upward  until  in  1904  there  were  in  the  city  46  deaths  from  typhoid  fever  to 
the  hundred  thousand — certainly  too  many. 

The  dangerous  character  of  this  water  should  be  obvious  to  anyone  who  sees  the  sewage 
going  into  the  bay  and  then  sees  it  pumped  out  as  drinking  water.  Sanitary  inspection  is 
to-day  considered  more  trustworthy,  in  the  absence  of  conditions  allowing  perfect  control, 
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than  sanitary  analysis.  In  this  instance  there  are  no  factors  modifying  the  character  d  utt 
supply  that  can  not  be  aecurately  estimated,  as  the  water  is  not  subject  to  great  fluctualkBii 
in  quality  or  quantity.  The  evidence  at  hand  may  therefore  be  well  supplemented  by  sec- 
tary analyses  of  this  water  made  by  Dr.  W.  P.  Mason,  covering  the  period  from  1892  to  19)1. 
which  show  the  gradual  increase  in  sewage  pollution  by  the  steady  rise  of  the  chlorine  ix&- 
tent.  As  the  quantities  considered  in  water  analysis  are  very  small,  a  change  of  a  sna. 
fraction  of  a  part  per  million  may  be  significant,  in  the  absence  of  adequate  cauae  for  it  N 
«anitary  analysis  of  water  is  valuable  except  when  it  is  considered  in  conjunction  with  t:^ 
exact  conditions.  In  this  case  the  conditions  exclude  any  factor  but  the  increase  in  se^n^ 
pollution  to  accotmiior  the  increase  of  chlorine. 

Sanitary  mudjfses  qfuxUer  at  Erie,  Pa. 
[  AziAlyaea  by  W.  P.  Mason,  in  parts  per  million.] 


Sample 
No. 

Place  and  date. 

Total 
solids. 

Albumi- 
noid am- 
monia. 

Pne 
ammonia. 

Nitrates.'  ChkiciBA 

t 

1 

2 

3 

4 

6 

6 

7 

8 

Intake  Jimo,  1893 

132 
128 
138 
141 
115 
105 
171 
135 

0.175 
.200 
.145 
.190 
.146 
.133 
.048 
.112 

0.100 
.130 
.065 
.050 
.155 
.073 
.061 
.080 

Tnbce.  1           6 

Pittsburg  dock,  June,  1892 

BlgBend,  June,  1802 

Trace-  j           t 
Xraoo.  '            7 

Faucet  in  residence,  June,  1892 

New  inUke,  June,  1900 

New  intake,  September.  1900 

New  intake,  November,  1900 

New  intake,  February,  1901 

TTBce.              € 

ai37  1            2 
.063  '          »: 
.087              It 
.200               ^5 

Aside  from  the  remarkably  low  figure  for  June,  1900,  the  rise  in  the  chlorine  content  of 
this  water  is  too  steady  and  too  uniform  to  be  mistaken.  The  low  figure  mentioned  duj 
have  been  due  to  the  fact  that  the  sample  was  taken  just  before  the  seasonal  change  in  the 
water  strata,  due  about  August  at  Erie.  The  summer's  accumulation  of  sewage  was  prob- 
ably stirred  up  from  the  bottom,  making  the  chlorine  content  in  the  next  sample  higher  and 
the  figure  for  the  June  sample  very  low.  This,  however,  would  only  partially  explain  the 
difference.  The  final  figures,  8.5  parts  per  million,  acquire  further  significance  when  con- 
pared  with  those  of  December,  1889,  when  at  the  inlet  of  the  water  works,  then  much  ckxf 
to  the  shore,  the  chlorine  content  as  determined  by  Doctor  Cresson  was  but  3.188  parts  per 
million. 

The  columns  headed  free  ammonia,  albuminoid  ammonia,  and  nitrates  give  the  quantity 
of  nitrogen  in  this  water  expressed  in  the  three  forms  in  which  it  was  determined.  S> 
expressed,  the  amount  of  nitrogen  found  in  water  is  an  index,  under  proper  conditions. 
of  the  amount  of  organic  matter  present.  Taken  by  itself,  any  one  of  these  factors  is  mean- 
ingless; taken  in  conjunction  with  a  number  of  others  in  cases  where  it  is  impossible  to  cod- 
trol  the  factors  of  impurity,  as  in  the  Mississippi  River,  they  may  be  misleading;  but  in  the 
case  of  Presque  Isle  Bay  there  is  no  possibility  that  much  oiganic  matter  gets  into  tbr 
water  except  through  sewage  contamination.  This  being  admitted,  the  figures  show  thai 
there  was  much  organic  pollution  at  the  time  of  the  analyses. 

Nor  is  bacteriological  evidence  wanting  of  the  contamination  of  the  basin.  Hie  followii^ 
figures,  summarizing  analyses  made  by  Doctor  Mason  from  April,  1901,  to  February,  19QS. 
shows  the  presence  of  bacteria  which  are  invariably  associated  with  wastes  from  animal 
intestines: 
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Date. 


^Vpr.  1,  1901.. 
.lime  10,1901. 
Oct.  1,1901... 
Jan.  22, 1902.. 

Apr.,  1902.... 

Feb.  20, 1903. 


Taste.  I  Odor.    Color. 


0.1 

0 
Trace. 
.22 
.2 

10 


Turbid- 
ity. 


6 

0 
Slight. 

(«) 
Slight. 


Alkalln-lBi«terla,  ^^^"^ 
ity.        percc.  ^  coh  com- 


47.5 

50 

50 

50 

90 


5,500 


119 
637 
402 


Present. 

Present. 

None. 

Present. 

Present. 


a  Very  slight.  ♦ 

All  but  one  of  these  samples  contained  bacillus  coli,  which  could  only  have  entered  the 
vrater  by  fcecal  contamination.  The  evidence  seems  conclusive  that  Presque  Isle  Bay  is,  as 
-was  said  by  Mr.  George  Y.  Wisner  in  his  report  to  the  commissioners  upon  the  advisibility 
of  getting  a  new  supply,  "little  less  than  a  diluted  cesspool." 


Fio.  3.— Map  of  Erie.  Pa.,  and  Erie  Harbor,  showing  proposed  improvement  in  water  supply. 

It  became  necessary  either  to  filter  this  water  or  to  get  a  new  supply  from  Lake  Erie.  The 
former  course  would  involve  a  very  large  first  cost,  both  for  the  filtering  plant  itself  and  for 
the  intercepting  sewer  that  would  be  necessary  to  convey  all  contamination  out  into  the 
lake,  as  otherwise  the  imperfections  of  practicaf  operation  would  make  the  effluent  highly 
suspicious.  The  most  economical  solution  of  the  problem,  as  well  as  the  best  in  the  long 
run,  is  certainly  the  plan  adopted — that  of  extending  the  present  intake  pipe  out  into  Lake 
Erie  to  a  sufficient  distance  to  insure  a  pure  supply  for  some  time  to  come. 
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The  following  analyses  of  Lake  Erie  water  show  that  it  is  greatly  superior  to  the  wun . ' 
the  bay,  and  that  it  contains  no  bacteria  that  point  to  sewage  contamination: a 

Analyses  of  Lake  Erie  waier. 
[Parts  per  mUlion.] 

•^5]^'aiJ;«;^''C!hlo-  i     Nl-     '  Alkar-  '  ToUl     Bi, 
X        nU     !   '•^«-    jtratea-linity.  I  wlid.     t-. 


Date. 


0.039 

0.075 

6.5 

0.15 

42.5 

140 

.02 

.095 

6 

.075 

50       i 

136 

.071 

.093 

6 

.037 

50      1 

134 

.053 

.109 

7 

.125 

«      1 

172 

.056 

.159 

8 

.025 

100      1 

142 

.039 

.105 

5 

.1 

«7.5  1 

147 

Apr.  1,  1901. 
June  10, 1901 
Oct.  10, 1901. 
'Jan.  22,  1902. 
Apr.  19, 1902 
Feb.  20, 1903. 


Although  this  water  is  far  superior  to  the  present  supply,  the  increase  in  alkalinity,  proU- 
bly  due  to  sewage  contamination,  would  seem  to  indicate  that  in  time  filtration  will  be  \th- 
essary.  The  direction  of  the  prevailing  winds  on  the  lake,  together  with  the  eastward  c  r- 
rent,  causes  the  sewage  from  Toledo,  Sandusky,  Cleveland,  and  Ashtabula  to  be  drifted  easj- 
ward.  The  great  distance  of  Toledo  and  Sandusky  from  Erie  make  it  probable  that  tL**:' 
sewage  is  completely  oxidized  before  it  reaches  the  Erie  intake.  Ashtabula,  a  city  of  13.ii> 
population,  lies  about  48  miles  west  of  Erie,  and  Cleveland,  with  381,000  people,  about  ^ 
miles  west.  The  currents  set  along  the  south  shore  and  such  sewage  fnnn  these  place?  &> 
does  not  sink  to  the  bottom  within  the  first  few  miles  after  leaving  the  towns  is  swept  f&>t' 
ward,  steadily  decreasing  in  quantity  and  becoming  less  dangerous  in  quality  until  net: 
Presque  Isle  it  begins  to  take  a  more  northeasterly  direction.  Yet  at  no  time  can  it  proba- 
bly dangerously  aflfect  the  quality  of  the  new  supply,  as  there  seems  to  be  every  favomhif 
condition  in  this  immense  body  of  water  to  insure  perfect  oxidation  of  the  contaminatir^ 
influents  before  the  Erie  intake  is  reached.  The  contingency  of  increasing  pollution  of  lU 
lake  water  is  of  less  present  importance  than  the  turbidity  occurring  at  certain  seasoni  A 
the  year,  which,  as  may  be  seen  from  the  foregoing  analyses,  may  be  high  enough  to  giv 
the  water  an  objectionable  appearance.  This  difficulty  can  certainly  be  overcome  by  thr 
construction  of  sedimentation  basins  on  Presque  Isle,  as  provided  in  the  plans. 

The  projected  improvements,  designed  by  Mr.  George  H.  Fenkell,  and  now  going  rapidlv 
forward  under  his  direction,  contemplate  the  extension  of  the  60-inch  steel  intake  pipe  ab(>ut 
10,000  feet  northward  beyond  the  present  intake,  across  Presque  Isle  Peninsula  and  mti> 
Lake  Erie,  with  5-foot  gate  valves  for  connections  with  the  settling  basins,  etc.,  and  a  timber 
crib,  weighted  with  stone,  protecting  the  end  of  the  intake  pipe,  which  terminates  in  s 
special  opening  about  25  feet  below  mean  lake  level.  The  work  shows  a  number  of  cul- 
struction  features  of  interest,  in  particular  the  submarine  joint  designed  for  this  work.  T^^ 
has  a  gasket  of  lead  pipe  snugly  fitting  the  steel  intake  pipe,  and  when  the  joint  is  made  tk 
16-inch  bolts  arc  screwed  up  so  as  to  bring  the  flanges  together,  compressing  the  lead  betv«ec 
them  and  insuring  a  tight  joint. 


a  Kept.  Dept.  Health,  1902  and  1904. 
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basin  of,  map  of 11 

pollution  in 10-29 

fidlof 66 

flow  of 66 
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water  supply  of 53,64 
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Brookville,  Pa.,  typhoid  fever  at 26 
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water  supply  of 91,92 

Butler,  Pa.,  typhoid  fever  at 83 

water  from,  assay  of 84 

water  supply  of 83-84 

C. 

Cairo,  W.  Va.,  water  from,  assay  of 92 

water  supply  bf 02 

Cambridge,  Mass.,  typhoid  fever  at 10 

Cambridge  Springs,  Pa.,  typhoid  fever  at . .       19 

water  from,  assays  of 19 

water  supply  of 19 

Camden,  W.  Va.,  water  from,  assay  of 07 

water  supply  of 96-07 

Cameron,  W.  Va.,  water  from,  assay  of 88 

water  supply  of 88 

Canonsbuiig,  Pa.,  water  from,  assay  of 76 

water  supply  of 76 

Carnegie,  Pa.,  water  at 74 

Casselman,  Pa.,  water  at 48 

water  from,  assay  of 48 

Casselman  River,  pollution  of 46-48, 53 

water  from,  assay  of 47,40 

Charleroi,  Pa.,  typhoid  fever  at 43 

water  supply  of 43 

Charleston,  W.  Va.,  water  from,  assays  of .       99 

water  supply  of 98-00 

Chartiers  Creek,  i>ollution  of 76-76 

Cheat  River,  flow  of 42, 65 

pollution  of 30-40,53 

profile  of,  plate  showing 30 

water  from,  assays  of 40 

Cherry  River,  pollution  of 97 

water  from,  assays  of 97 

Chester,  W.  Va.,  water  from,  assay  of 87 

water  supply  of 86 

Clarion,  Pa.,  typhoid  fever  at 23 

water  from,  assay  of 24 

water  supply  of 23-24 

Clarion  River,  fall  of 20 

109 


110 
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Clarion  RlTer,  pollution  of 22-24 

water  from,  assay  of 24 

Clarksbuig.  W.  Va.,  water  from,  assay  of . .       36 

water  supply  of 35-36 

Clay,  W.  Va.,  water  supply  of 88 

Clover  Run.  water  from,  assay  of 27 

water  supply  from 27 

Coagulation,  effects  of 69-70 

See  also  Sedimentation. 
Coal  River,  water  of 99 

water  from,  assay  of 99 

Colfax,  W.  Va.,  water  from,  assay  of 33 

water  supply  at 33 

Columbus,  Ohio,  filter  gallery  at 56 

typhoid  fever  at 56 

Conemaugh  River,  pollution  of 27-29 

water  from,  assays  of 28 

Conewango  Crpek,  pollution  of 14, 15 

Confluence,  Pa.,  water  from,  assay  of 49 

water  supfily  of 48-49 

Connellsville,  Pa.,  typhoid  fever  at 49 

wafer  from,  assay  of 50 

water  supply  of 4fr-S0 

Connoquenessing  Creek,  pollution  of 83-84 

water  from,  assay  of «84 

Copeland, ,  work  of 11 

Copper  sulphate,  effects  of 73 

CoraopoUs,  Pa.,  water  supply  of 78 

Corry,  Pa.,  typhoid  fever  at 18 

water  from,  assay  of 19 

water  supply  of 18 

Covington,  Ky.,  typhoid  fever  at 67 

Coxes  Creek,  water  of 48 

waterfrom,  assay  of 48 

Cribs,  filter.    5ee  Filter  oribs. 

!>• 

Da vaine,  on  germicides 71 

Derry,  Pa.,  water  supply  at 52 

Detention,  meaning  of 66 

See  also  Sedimentation. 

Detroit.  Mich.,  typhoid  fever  at 68 

Dilution,  effects  of 66,68-69 

Disease-producing  organisms,  vitality  of . . .      54, 

72-73,74 
Drakes  Run,  water  of 48, 49 

water  from,  assay  of 49 

Dry  Fork,  water  from,  assay  of 40 

water  of 39,40 

Dubois,  Pa.,  tjrphoid  fever  at 25 

water  supply  of 25,26 

water  from,  assay  of 26 

Dunbar,  Pa.,  water  from,  assay  of 50 

water  supply  of 50 

Dunlow,  W.  Va.,  water  from,  assay  of 101 

water  supply  of 101 

Durbin,  W.  Va.,  water  from,  assay  of 95 

water  supply  of 94-95 

E. 

East  Liverpool,  Ohio,  typhoid  fever  at 85-86 

water  supply  of 85-86 

Eldred,  Pa.,  typhoid  fever  at 12 

water  from,  assay  of 12 

water  supply  of 12 

ElkCreek,  water  of 22 


Elk  Lick,  water  from,  assays  of C 

Elk  River,  pollution  of »^ 

water  from ,  assay  c* « 

ElUns,  W.  Va.,  water  from,  assay  of £ 

water  supply  of 31,S 

Ellwood  City,  Pa.,  water  from,  assay  of  , . .      M 

water  supply  of 84 

Emlenton,  Pa.,  water  from,  assay  of r 

,  water  supply  of 21-2 

Erie,  Pa.,  map  of,  showing  new  water  supply      :iC 

typhoid  fever  at :&' 

water  supply  of .*  lCM-.'»» 

analysis  of lOft.im:  o 

Erie,  Lake,  water  from,  assay  of |^ 

Etna,  Pa.,  filter  crib  at «-*  i 

filter  crib  at.  water  from,  assay  of f  1 

water  from,  assay  of f\ 

Evans  City ,  Pa.,  water  from,  assay  of H 

water  supply  of .*...      M 

F. 

Fairchance,  Pa.,  typhoid  fever  at c 

water  supply  of 41  -C 

Fairmont.  W.  Va.,  water  from,  assays  of . .  37  i" 
water  supply  of .>•:> 

Fall  of  rivers,  self-purification  and .  relations 

of 29,5»-«.lceK'4 

Fall  River,  Mass.,  typhoid  fever  at 

Fayette,  W.  Va.,  water  at 97,'«« 

water  from,  assay  of **•« 

Filter  cribs,  description  of Bt\' 

efficiency  of *:> 

instances  of,  descriptions  of 57-*-^ 

Filter  galleries,  description  of 54  v. 

efliciency  of :' 

instances  of,  descriptions  of 55^T 

Filter  wells,  description  of 63-M 

instances  of,  descriptions  of 54,87.92  '< 

Filtration,  devices  for 35.  TV  * 

Filtration,  natural,  discussion  of 54^ 

efficiency  of 57 ,  fi3 .  f=4 

explanation  of m 

methods  of 54 

See  also  Filter  cribs;  Filter  galleries: 
Filter  wells. 
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typhoid  fever  at .v-:: 
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Fishing  Creek,  pollution  of sj^  «<v 

Flaugherty  Creek,  pollution  of r 

water  from,  assay  of r 

Ford  City,  Pa.,  typhoid  fever  at r 

Franklin,  Pa.,  elevation  at 3 

water  from,  assay  of :i 

water  supply  of »i 

Freedom,  Pa.,  water  supply  of 7* 

French  Creek ,  fall  of 2? 

pollution  of ijt  J" 

water  from,  assay  of U' 

Q. 

Oallagher  Creek,  water  from 23 

Galleries,  filter.    See  Filter  galleric«. 

Oallipolis,  Ohio,  filter  wells  at 64,  im 

Garrett,  Pa.,  water  from,  assay  of ♦< 

water  supply  of 4H 
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Gaoley,  W.  Va.,  water  at 97,98 

Gauley  River,  pollution  of 96-07 

water  from ,  assay  of 97 

Grafton,  W.  Va.,  water  from,  assay  of 33 

water  suppl  y  at 32-33 

Graham,  Va.,  water  from,  assay  of 94 

water  supply  of 93,94 

Grand  Rapids,  Mich.,  filter  gallery  at 57 

typhoid  fever  at 51,57 

Greenhrler  River,  pollution  of 94-95 

water  from,  assays  of 95 

Greensburg,  Pa. ,  typhoid  fever  at 53 

waterfrom,  a^say  of 52 

water  supply  of 52 

Greemvllle,  Pa.,  typhoid  fever  at 78 

water  from,  assay  of 83 

water  supply  of 78, 83 

Grove  City,  Pa.,  water  from,  assay  of 84 

water  supply  of 84 

Guyandot,  W.  Va.,  water  at 99,100 

water  from,  assay  of 100 

Guyandot  River,  pollution  of 99-100 

water  from,  assay  of 100 

H. 

Hays  Mill,  Pa. ,  water  from,  assay  of 48 

Henry,  III.,  water  at 67 

Hinton,  W.  Va.,  water  from,  assay  of 95,96 

water  supply  of 95-96 

Homestead,  Pa.,  typhoid  fever  at 53 

water  supply  of 53 

Hughes  River,  pollution  of 92 

water  from,  assay  of 92 

Hulton,  Pa.,  filter  crib  at 60-60 

filter  crib  at,  water  from,  assays  of 59, 60 

water  from,  assays  of 59 

Hundred,  W.  Va.,  water  from,  assay  of 88 

water  supply  of 87,88 

Huntington,  W.  Va.,  water  from,  assay  of. .      100 

water  supply  of 100,104 

I. 

nilnols  River,  self-purification  in 53, 67 

Indian  Creek,  flow  of 65 

water  of 43,49 

water  of,  assay  of 49 

Indiana,  Pa.,  water  from,  assay  of 28 

water  supply  of 28,29 

Indianapolis,  Ind. ,  filter  gallery  at 55 

typhoid  fever  at 5 1 ,  55 

Iron  sulphate,  coagulation  by 70 

Ithaca,  N.  Y.,  typhoid  ftever  at 68 

I  vanhofi.  Doctor,  on  germicides 71 

J. 

Jamestown,  N.  Y.,  typhoid  fever  at 14-15 

water  from,  assay  of 15 

water  supply  of 14 

Jersey  City,  N.  J.,  typhoid  fever  at 10 

Johnsonbuiig,  Pa.,  typhoid  fever  at 22 

water  from ,  assay  of 24 

water  supply  of 22, 24 

Johnstown,  Pa. ,  typhoid  fever  at 28 

water  from,  assay  of 28 

water  supply  of 27-28 


K.  Page. 

KampsviUe,  HI.,  pollution  at 67 

Kanawha  Falls,  water  from ,  assay  of 98 

water  supply  of 97,98 

Kanawha  River,  basin  of,  description  of .. . .       93 

basin  of ,  pollution  In 9^-99,104 

pollution  of 97-98,98-99 

water  from,  assays  of 98,99 

Kane,  Pa.,  typhoid  tever  at 14 

water  from,  assay  of 14 

water  supply  of 14 

Kenova,  W.  Vs.,  water  from,  assay  of 103 

water  supply  of 103 

Keystone  Junction,  Pa.,  water  from,  assay 

of 47 

Kinzua  Creek,  pollution  of 14 

Klskimlnitas  River,  basin  of,  pollution  in..  27-29 

pollution  of 29 

Kitasato,  ongermiddes 71 

Klttanning,  Pa.,  typhoid  fever  at 27 

water  supply  of 27 

Knapp  Creek,  water  of 95 

water  from,  assay  of 95 

Knight,  C.  H.,  fiow  data  from 65 

Koch,  A.,  on  germicides 71 

Konradl, ,  on  vitality  of  bacteria 75 

L. 

Laurel  Creek,  Pa.,  pollution  of 48 

water  from ,  assay  of 48 

LaurelCrBek,W.Va.,  water  of 94 

water  of,  assays  of 94 

Lawrence,  Mass.,_typhoid  fever  at 10, 54,66, 70 

water  supply  of 70 

Little  Kanawha  River,  basin  of,  pollution  In  91-92 

pollution  of 91 

water  from,  assays  of 92 

Littleton,  W.  Va.,  water  from,  assay  of 88 

water  supply  of 87 ,  88 

Lorain,  Ohio,  typhoid  fever  at 79-80 

Lowell,  Mass.,  filter  gallery  at 54-55 

typhoid  fever  at 51,54,66,67-«8 

Lyclppus,  Pa.,  water  supply  of 52 

M. 

McDonald,  Pa.,  water  from,  assay  of 76 

water  supply  of 76 

McKeesport^  Pa.,  typhoid  fever  at 51 ,64 

water  from,  assay  of 60 

water  supply  of 50-52,53-54 

McLalns  Run,  waterfrom 23 

Mahoning  Creek,  poUutionof 27 

Mannlngton.  W.  Va.,  water  from,  assay  of.       39 

water  supply  of 39 

Marietta,  Ohio,  typhoid  fever  at 91 

water  supply  of 90 

Markleton,  Pa.,  spring  at 48 

waterfrom;  assay  of 48 

Marllnton,  W.  Va.,  water  from,  assay  of . . .       95 

water  supply  of 95 

Mason,  W.  P.,  analyses  by 106-107 

Meadville.  Pa.,  typhoid  fever  at 20 

water  from,  assay  of 20 

water  supply  of 19-20 

Mercer,  Pa.,  water  from,  assay  of 83 

water  supply  of 80, 83 
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Meyersdale,  Pa.,  water  from,  assay  of 47 

water  supply  of 47 

Middle  Island  Creek,  pollution  of 90 

water  from,  assay  of 90 

MiUvale,  Pa.,  filter  crib  at 61-62 

filter  crib  at,  water  from,  bacteria  in. . .       61 

Hilton,  W.  Va.,  water  from,  assay  of 100 

water  supply  of 100 

Mine  drainage,  efTects  of 53^54,69-73, 104 

qaantityof 72-73 

Mohawk  Valley,  typhoid  fever  in 54 

Monaca,  Pa.,  water  supply  of 78 

Monessen,  Pa.,  typhoid  fever  at 43-44 

water  supply  of 43 

Monongahela,  Pa.,  water  from,  assa^r  of  . . .  44 
water  supply  of 43,44,54 

Monongahela  River,  basin  of,  description  of.      30, 

53-64,65-66 

basin  of,  map  of 30 

poUutionin... 31-54 

drainage  of 66 

fall  of 66 

flow  of 65,67 

pollution  of 30,37-44,62-54,65 

profile  of,  plate  showing 30 

self-purification  of 66 

water  of,  analyses  of 37-39, 41, 44,52,74 

Montgomery,  W.  Va.,  water  from,  assay  of.  98 
water  supply  of 98 

Montrose,  Pa.,  filter  crib  at 57-59 

filter  crib  at,  water  from,  assay  of 58 

water  from,  assays  of 58 

Moigantown,  W.  Va.,  water  from,  assay  of.  3ft 
water  supply  of 38-39 

Morrison  Run,  water  from 15 

Moundsvllle,  W.  Va.,  water  from,  assay  of.  87 
water  supply  at * 87,104 

Mount  Jewett,  Pa.,  typhoid  fever  at 14 

water  from,  assay  of 14 

water  supply  of 14 

Mud  River,  pollution  of 99-100 

water  from,  assay  of 100 

N. 

Neahannock  Creek,  pollution  of 80-83 

water  from,  assays  of 80-83 

New  Albany,  Ind.,  typhoid  fever  at 67 

New  Bethlehem,  Pa.,  water  supply  of 26,77 

water  from,  assay  of 26 

New  Cumberland,  W.  Va.,  water  supply  at.  86,87 

New  Ilaven,  Conn.,  typhoid  fever  at 68 

New  Martinsville,    W.  Va.,   water  from, 

assay  of 89 

water  supply  of 89 

New  River,  basin  of,  poUution  in 93-96 

description  of 93 

poUution  of 95-96,104 

view  on 94 

water  from,  assay  of 96 

New  York,  N.  Y.,  typhoid  fever  at 10,54 

Newark,  N.  J.,  typhoid  fever  at 10 

Newcastle,  Pa.,  typhoid  fever  at 82-83 

water  from,  assays  of 82,83 

water  supply  of 80-83  | 

North  Fork,  >V  Va.,  water  irom,  assay  of .  103 
water  supply  of i01-102,103  I 


O.  Page. 

Oakland,  Md.,  water  from,  assay  of 4S 

water  supply  of 45 

Ohio  River,  basin  of,  pollution  in 10-lW 

description  of 74-75, 103-lW 

pollution  of 74-75. 

76-78,85-87,89,90,92-93,99-101, 103-lM 
water  of,  analyses  of.  74,77,87,89,90.91,93,  ioo 

Ohlopyle,  Pa.,  flow  at ^ 

water  at 4S-« 

water  from,  assay  of *i 

Oil  City,  Pa.,  typhoid  fever  at IT 

water  from,  assay  of l** 

water  supply  of lT-l^ 

Oil  Creek,  pollution  of le-l^ 

water  from,  assay  of 1^ 

Clean,  N.  Y.,  typhoid  fever  at 13 

water  supply  of 12-13 

Oxidation,  effects  of «-«!» 

P. 

Panther,  W.  Va.,  water  from,  assay  of 103 

water  supply  of lOS,  108 

views  of  and  near 102 

Panther  Creek,  water  of 102.103 

water  from,  assay  of 103 

Parker,  Pa.,  pumping  station  at,  view  of  . .        24 

water  supply  of 24 

water  from,  assay  of -'4 

Parkersbuig,  W.  Va.,  typhoid  fever  at 90-vl 

water  from,  assay  of 91 .22 

water  supply  of 90-91.92 

Parkes, ,on  germicides Tl 

Parsons,  W.  Va.,  water  from,  assays  of 40 

water  supply  of 39, 4D 

Pennsboro,  W.  Va.,  water  from,  assay  of . .  92 
water  supply  of 92 

Peoria,  III.,  pollution  at «r 

Philippi,  W.  Va.,  water  supply  at 32 

Pickens,  W.  Va.,  water  from,  assay  of 32 

water  supply  at 32 

Pin^rove,  W.  Va.,  water  from,  assay  of *?) 

water  supply  of 88-«5* 

Pittsburg,  Pa.,  filter  cribs  at 54.63 

filtration  plant  at 7^74 

views  of 72 

typhoid  fever  at 51,63,73 

water  from,  assays  of 74 

water  supply  at 51 ,  54, 73-74 

investigation  of 10-11 ,73 

Plymouth,  Pa.,  typhoid  fever  at 54 

Pocahontas,  Va.,  water  from,  assay  of 94 

water  supply  of 93-^ 

Point  Marion,  Pa.,  typhoid  fever  at 4^ 

water  from,  assay  of ♦? 

watersupply  of *.' 

Point  Pleasant,  W.  Va.,  filter  weDs  at 92, 104 

water  from,  assay  of 93 

water  supply  of ft?-93 

Port  Allegany,  Pa.,  elevation  at 29 

water  from,  assay  of 12 

water  supply  of 12 

Potato  Creek,  water  of 12 

Powers  Run,  pollution  of 22 

Profiles  of  rivers,  plate  showing 3D 
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Pa«e. 
I*unxsutawney ,  Pa. ,  typhoid  fever  at 27 

watcrfrom,  assay  of 27 

water  supply  of 27 

Purification.    See  Self-purification. 
R. 

Raccoon  Creek,  pollution  of 76 

Redbank  Creek,  Pa.,  pollution  of 25-26 

water  from,  assay  of 26 

Rcy nold8%'ille.  Pa. ,  typhoid  fever  ai 25 

water  from,  assay  of 26 

water  supply  of 25, 26 

view  of 24 

Richwood,  \V.  Va..  water  from,  assay  of 97 

water  supply  of 07 

Rideal,  S.  S.,  on  germicides 71, 72 

Ridgway,  Pa.,  typhoid  fever  at 23 

water  from,  assay  of 24 

water  supply  of 22-23, 24 

Rivers,  profiles  of,  plate  showing 30 

Rockwood,  Pa.,  water  at 48 

water  from,  assays  of 48 

R  onceverte,  W .  Va. ,  water  from ,  assay  of . . .       95 

water  supply  of 95 

Rowlesburg,  W.  Va.,  water  from,  assay  of. .       40 

water  supply  at 40 

S. 
St.  Albans, W.  Va.,  water  from,  assay  of 99 

water  supply  of 99 

St.  Louis,  Mo.,  coagulation  at 69-70 

St.  Marys,  Pa.,  water  from,  assay  of 24 

water  supply  of 22, 24 

St.  Marys,  W.  Va.,  water  from,  assay  of 80 

water  supply  of 89 

Salamanca,  N.  Y.,  typhoid  fever  at 13-14 

water  supply  of 13 

Salem,  W .  Va. ,  water  from ,  assay  of 37 

water  supply  of 36,37 

Sandy  Creek,  pollution  of 25 

Sedgwick,  W.  T.,  on  rhrer  pollution  . .  54,6.5,66,68 
Sedimentation,  conditions  favorable  to 54,66 

effects  of 66-68 

See  also  Coagulation. 
Self-purification ,  discussion  of 65-73 

theory  of 54 

Scwickley,  Pa.,  typhoid  fever  at 77 

water  from,  assay  of 77 

water  supply  of 76-77 

Sharon,  Pa.,  typhoid  fever  at ...  - 80 

water  from,  assay  of 83 

water  supply  of 78-80,83 

Sharpsburg,  Pa.,  filter  crib  at 60 

filter  crib  at,  water  from,  assay  of 60 

typhoid  fever  at 63 

Shavers  Fork,  water  from,  assay  of 40 

water  of 39, 40 

Shenango  River,  pollution  of 78-80 

water  from,  aasay  of 83 

Shinnston,  W .  Va.,  water  from,  assay  of 37 

water  supply  of 37 

Skinners  Rim,  water  from 12 

Smethport,  Pa.,  water  from,  assay  of 12 

water  supply  of '. .        12 

Smithfleld,  W .  Va.,  water  from,  assay  of 89 

IBR  161—06 8 


Pa«o. 

S.Tiithfield,  W.  Va.,  water  supply  of 88, 89 

Snodgrass,  Doctor,  on  St.  Louis  coagula- 
tion         69 

Somerfield,  Pa.,  water  from,  assay  of 66 

water  supply  of 46 

Springs,  water  supply  from . . , 10 

Sternberg, ,  on  germicides 71 

Stutzer, ,on  germicides 71 

Sulphuric  acid,  effects  of 71-73 

Sutton,  W .  Va. ,  water  from ,  assay  of 99 

water  supply  of 98,99 

T, 

Talcott,  W.  Va.,  water  supply  of 95 

Tarentum,  Pa.,  filter  crib  at 57 

water  from,  assay  of 57 

typhoid  fever  at 57 

Tenmlle  Creek,  water  from 41 

water  from,  assay  of 41 

Terra  .MtA.W.  Va.,  water  from,  assay  of 45 

water  supply  of 45-46 

Thurmond,  W.  Va.,  water  from,  assay  of 96 

water  supply  of 96 

Thurmond  Creek,  pollution  of 96 

water  from,  assay  of 96 

Tidioute,  Pa.,  water  from,  assay  of 18 

water  supply  of 16, 18 

Tionesta,  Pa.,  water  from,  assay  of 18 

water  supply  of 16, 18 

Tltusville,  Pa.,  typhoid  fever  at 17 

water  from,  assay  of 18 

water  supply  of 16-18 

Toby  Creek,  pollution  of 23, 24 

water  from,  assay  of 24 

Toms  Run,  pollution  of 24 

Tug  Fork  of  Big  Sandy  River,  description  of      101 

pollution  of 101-103 

intake  on,  views  of  and  near 102 

water  from,  assay  of 103 

Tunnelton,  W.  Va.,  water  from,  assay  of  . . .  41 
water  supply  of 39-40, 41 

Twelvepole  Creek,  pollution  of 101 

water  from,  assay  of 101 

Two  Lick  Creek,  pollution  of 29 

Tygart  Junction,  water  from,  assay  of 31,33 

water  supply  at 31.33 

view  of 26 

Tygart  River,  basin  of,  pollution  In 30-33 

flow  of 65 

pollution  of 30-31,32-33 

view  of 26 

water  from,  assay  of 33 

Typhoid  fever,  germs  of,  vitality  of  ..  5-1,72-73,74 

spread  of 67-68 

statistics  of 9-10 

See  at^o  particular  peaces. 

U. 

Uneva,  W.Va.,  How  at 42 

Union  City,  Pa.,  typhoid  fever  at 19 

water  from,  assay  of 19 

water  supply  of 18-19 

Uniontown,  Pa.,  water  supply  of 42-43,44 

Ursina,  Pa.,  water  from,  assay  of 48 
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Page. 

29 
29 


Vandergrift,  Pa.,  typhoid  fever  at 

water  supply  of 

Verona,  Pa. ,  water  from ,  assay  of 60 

water  supply  of 56-60 

W. 

Wallace,  W .  Va. ,  water  from,  asstiy  of 37 

water  supply  of 35-37 

Warren,  Pa.,  typhoid  fever  at 16 

water  from,  assay  of 15 

water  supply  of 15-16 

Washington,  Pa.,  typhoid  fever  at 51, 76 

water  from,  assay  of 76 

water  supply  of 75-76 

101 
.  101 
41 
41 
41 
103 


Wayne,  W.  Va.,  water  from,  assay  of 

water  supply  of 

Waynesburg,  Pa.,  typhoid  fever  at. 

water  from,  assay  of 

water  supply  of 

JVelch,  W.  Va.,  water  from,  assay  of 

water  supply  of 102, 103 

Wells,  filter.    See  Filter  wells. 

Wellsburg,  W.  Va.,  water  from,  assay  of 87 

water  supply  of 86, 87 

West  Fork  River,  flow  of 65 

pollution  of 33-37 

water  from,  assays  of 3 1, 35, 36, 37 

West  Newton,  Pa.,  typhoid  fever  at. 50 

water  from,  assay  of 50 

water  supply  of 50, 53 

West  Union,  W.  Va.,  water  from,  assay  of..       90 


West  Union,  W.  Va.,  water  supply  of ' 

West  Virginia,  stream  pollution  In .<».  1  ►. 

Weston,  W.  Va.,  water  from,  assay  rf vt 

water  supply  of 34  i 

Wheeling,  W.  V'a.,  typhoid  fever  at ^ 

water  from,  assays  of <: 

water  supply  of ><>  ^k" 

Whetstone  Creek,  water  from ' . .        ^. 

Wild  wood,  Pa.,  filter  crib  at 62  4.. 

filter  crib  at,  water  from,  assay  of ♦ .' 

water  from,  assay  of r._ 

Williamson,  W.  Va.,  water  from,  assay  of  . .       :ui 

water  supply  of 102.  ni.^ 

Williamstown,  W.  Va. ,  water  from,  asr.-iv  :.{       •« 

water  supply  of '.« 

Windsor,  typhoid  fever  at ^> 

Witherell,  F.  E.,  analyses  by •*» 

on  analyses  at  Newcastle &  \i 

Wobum,  Mass.,  filter  gallery  at v> 

typhoid  fever  at V. 

Wolf  Creek,  water  from ii 

Y. 

Yonkers,  N. Y.,  typhoid  fever  at lo 

Youghiogheny  River,  basin  of,  pollution  in.  44  *J 

flow  of v.*.*-'- 

pollution  of 45-K5,48-5J.  .'i.^ 

profile  of,  plate  showing 3f.' 

self-purification  of 53-54, 71'  7^ 

water  from,  assay  of 46. .tI' 

Youngwood,  Pa.,  water  supply  of ' : 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  161.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1) 
Annual  Reports;  (2)  Monographs;  (3)  Professional  Papers;  (4)  Bulletins;  (5) 
Mineral  Resources;  (6)  Water-Supply  and  Irrigation  Papers;  (7)  Topographic  Atlas 
of  United  States — folios  and  separate  sheets  thereof;  (8)  Geologic  Atlas  of  United 
States — folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publica- 
tion; the  others  are  distributed  free.  A  circular  giving  complete  lists  may  be  had 
on  applicatioi). 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limit^nl  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
inay  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress, 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnisheil  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be 
consulted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  AVat«r-Supply  Papers  treat  of  a  variety  of 
.subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  palecmtology;  I),  Petrography  and  mineralogy;  E,  Chemistry  and 
physi(^;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water 
storage;  K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investi- 
gations; N,  Water  power;  0,  Underground  waters;  P,  Hydrographic  progress  rei^rts. 
This  paper  is  the  thirteenth  in  Series  L,  the  complete  list  of  which  follows  (PP= 
Professional  Paper,  B=Bulletin,  WS= Water-Supply  Paper): 

SERIB8  L,  Quality  of  Water. 

WS  3.  Sewage  irrigation,  by  G.  W.  Rafter.    1897.    100  pp.,  4  pis.    (Out  of  stocJc.) 

WS  22.  Sewage  irrigation,  Pt.  II,  by  G.  W.  Rafter.    1899.    100  pp.,  7  pis.    (Out  of  stock.) 

WS  72.  Sewage  pollution  near  New  York  City,  by  M.  O.  Leighton.    1902.    75  pp.,  8  pis. 

WS  76.  Flow  of  rivers  near  New  York  City,  by  H.  A.  Presaey.    1903.    108  pp.,  13  pis. 

WS  79.  Normal  and  polluted  waters  in  northeastern  United  States,  by  M.  O.  Leighton.    1903.    192  pp., 

15  pis. 
WS  103.  Review  of  the  laws  forbidding  pollution  of  inland  waters  in  the  United  States,  by  E.  B. 

Goodell.    1904.    120  pp. 
WS  Itt*.  Quality  of  water  in  the  Susquehanna  River  drainage  basin,  by  M.  O.  Leighton,  with  an 

introductory  chapter  on  physiographic  features,  by  (J.  B.  Hollister.    1904.    76  pp.,  4  pU. 
WS  113.  Strawboard  and  oil  wastes,  by  R.  L.  Sacket  and  Istiiuh  Bowman.    1905.    52  pp.,  4  pis. 
WS  121.  Preliminary  report  on  the  pollution  of  Lake  Charoplain,  by  M.  O.  Leighton.    1905.    119  pp., 

13  pis. 
WS  144.  The  normal  distribution  of  chlorine  in  the  natural  waters  of  New  York  and  New  England,  by 

B.  D.  Jackson.    1905.    31  pp.,  5  pis. 
WS  151.  Field  assay  of  water,  by  M.  O.  Leighton.    1905.    77  pp.,  4  pis. 
WS  152.  A  review  of  the  laws  lorbldding  pollution  of  inland  waters  in  the  United  States,  second 

edition,  by  E.  B.  Goodell.    1905.    149  pp. 
WS  161.  Quality  of  water  in  upper  Ohio  River  basin  and  at  Erie,  I*a.,  by  S.  J.  Lewis.    1906.    —pp., 

Opls. 

Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Sltrvey, 

Washington,  D.  C 
September,  1906. 
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DESTRUCTIVE  FLOODS  IN  THE  UNITED  STATES  IN 

1905. 


By  E.  C.  Murphy  and  others. 


INTRODUCTION. 

There  were  few  very  destructive  floods  in  1905.  The  most  remarkable  flood  or  series  of 
floods  of  the  year  were  those  in  the  Gila  River  basin  in  AnzontL.  From  January  15  to 
April  30  occurred  a  series  of  seven  floods — almost  a  continuous  flood — remarkable  for  the 
total  volume  of  flow.  In  November  there  was  in  this  basin  another  flood,  which  was  remark- 
ble  for  its  magnitude,  being  the  largest  on  record  on  Salt  River.  The  other  large  floods  of 
the  year  occurred  on  comparatively  small  streams.  Few  lives  were  lost  and  the  damage 
was  small  compared  with  that  of  some  previous  years. 

In  addition  to  -the  credits  for  data  given  in  the  body  of  this  paper  the  writer  desires  to 
acknowledge  his  indebtedness  to  F.  H.  Newell,  chief  hydrographer,  for  valuable  suggestions; 
and  to  James  Dun,  chief  engineer  Santa  Fe  Railway  System,  who  has  furnished  data  and 
transportation  over  the  Santa  Fe  lines  to  flooded  sections. 

FLOOD  ON  PEQUONNOCK  RIVER,  CONNECTICUT. 

By  T.  W.  NoRCROss. 

INTRODUCTION. 

A  flood  on  this  stream  on  July  29  and  30,  popularly  known  as  the  Bridgeport  flood, 
destroyed  a  quarter  of  a  million  dollars'  worth  of  property.  It  was  due  primarily  to  a  very 
heavy  local  rainstorm,  during  which  11.32  inches  of  rain  fell  in  seventeen  hours  at  Bridge- 
port, Conn.,  where  it  was  heaviest.  The  flood  wave  was  enlarged  by  the  failure  of  four 
danos  in  the  watershed. 

The  Pequonnock  is  a  small  stream  that  rises  in  the  northeastern  part  of  Fairfleld  County, 
Conn.,  flows  south  about  14  miles,  and  empties  into  Long  Island  Sound  at  Bridgeport.  Its 
fall  from  source  to  mouth  is  460  feet.  Its  channel  is  rather  narrow,  with  numerous  bends, 
and  its  banks  are  low  and  flat.  Its  drainage  basin  is  mainly  hilly  pasture  land,  with  little 
timber,  and  has  an  area  of  25  .square  miles. 

PRECIPITATION. 

The  following  table,  prepared  from  records  of  the  United  States  Weather  Bureau  at 
Bridgeport,  shows  the  precipitation  during  this  storm: 

Table  shovnng  rate  of  rainfall  at  Bridgeport j  Conn.,  July  29-30,  1906. 


Time  of  beginning. 


July  29—11.40  a.  m 1.30  p.  in. 

1.x  p.  m 4.15  p.  m. 

4.15  p.  m 7.50  p.  m. 

7.50p.m 12.00 

July  30—3.00  a.  in 5.20  a.  in. 

July  29-11.40  a.  ni 12.00  p  ui. 

July  29-30—1 1 .40  a.  i:t 5.20  a.  m . 


Time  of 
end. 


Time 
elapsed. 


h.m. 
1.50 
2.45 
3.35 
4.10 
2.20 
12.20 
17.40 


Preclpl- 
totion. 


0.10 
5.00 
4.18 
0.77 
0.37 
10.95 
11.32 


Average 

rate  per 

hour. 


0.06 
2.15 
1.17 
a  18 
0.16 
0.89 
0.64 
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The  following  table  gives  the  precipitation  at  several  neighboring  rainfall  stations  frora 
July  23  to  31,  inclusive: 

Precipitation  at  stations  near  Bridgeport ^  Conn.,  July  SS-Sl^  1905. 


Station. 

July- 

23. 

0.07 
0.02 
0.05 
0.43 
0.26 
0.02 
0.06 
0.31 

24.     1      25. 
0. 53      

26. 
Tr. 

27. 

28. 

29.      1 

r 

ase 
ao4 

0.16 

a9o  1 

30. 

31. 

Cream  Hill  •  . 



2.39 
a72 

2.22\ 

a4i  : 
a  31 1 
a97  ■ 

a  61 

0.55 

0.18 

e2.00 

a23 

Hartford 

0.83 
0.77 
0.37 
1.03 

Tr. 

1 

Tr 

Hawleyvllle 

Now  Haven 

1 

O.vi 

Tr. 

0.01 

Norwalk 

1.43 

a» 

Torrington 

Waterbary 

Beaver  Dam  6 

Tr. 

1.16 

Tr. 

9.86  1 
10.95 

7.91 
f&OO 

1 

air 

0.83  1 

Tr. 

ao4 

0.39 
0.63 
0.G2 
0.48 

Bridgeport 

Raston 

1" 

Bunnell  Pond 

0.3G 



1 

a  The  first  six  stations  are  United  States  Weather  Bureau  stations.  Data  furnished  by  William 
Jennings,  United  States  Weather  Bureau  observer. 

b  The  last  four  stations  are  stations  of  the  Bridgeport  Hydraulic  Company.  Data  fumiahed  by  S.  P. 
Senior,  superintendent  Bridgeport  Hydraulic  Company. 

e  Approximate. 

The  table  shows  that  the  storm  was  very  intense  over  a  comparatively  small  ai«a,  the 
greatest  rainfall  occurring  in  the  Pequonnock  Valley  in  the  vicinity  of  Bridgeport. 

DISCHARGE. 

The  run-off  from  a  rainfall  of  8  to  11  inches  in  seventeen  hours  on  this  quick-epilling  basin 
soon  overtaxed  the  natural  capacity  of  this  rather  small,  crooked  channel  and  overflow 
occurred,  carrying  debris  that  more  or  less  reduced  the  channel  capacity,  especially  the  spill- 
ways of  dams.  Four  dams  failed,  each  one  increasing  the  magnitude  of  the  flood  wave  and 
adding  debris  to  the  already  choked'spillway  of  the  dams  below. 

The  rate  of  flow  at  Bunnell's  dam,  alxjut  1 J  miles  above  Bridgeport,  at  the  time  of  its  fail- 
ure was  computed  to  be  3,930  second-feet,  or  157  second-feet  per  square  mile.  The  length 
of  the  spillway  was  52  feet,  and  the  depth  of  water  on  the  crest  at  the  time  of  failure  was  7.48 
feet.    Two  smaller  waste  openings  discharged  105  second-feet  each. 

This  is  a  comparatively  small  run-off  from  such  a  large  rainfall,  and  it  is  very  likely  that 
the  maximum  rate  of  flow  occurred  after  the  dam  failed.  By  computing  the  ruxj-off  from 
rainfall  and  using  a  run-off  factor  of  0.5,  the  maximum  rate  of  flow  at  this  dam  is  found  to  be 
248  second-feet  per  square  mile.  If  0.6  is  used  as  the  run-off  factor  the  maximnnx  rate  is 
297  second-feet  per  square  mile. 

DAMAGE  DONE. 

The  Toucey  dam,  on  a  brook  entering  the  Pequonnock  from  the  west  near  Long  Hill,  gave 
way  shortly  before  midnight  of  the  29th.  It  was  100  feet  long,  10  feet  high,  built  of  rubble 
masonry  laid  in  cement.  Ward's  milldam  at  Trumbull,  on  the  Pequonnock,  failed  when 
the  flood  wave  from  Toucey  dam  struck  it.  It  was  60  feet  long,  gave  a  head  of  15  feet, 
and  was  built  of  rubble  masonry  laid  in  cement  mortar.  It  was  founded  on  a  ledge  and 
probably  failed  by  sliding.  At  about  1  a.  m.  July  30,  the  dam  at  Bunnell  Pond,  IJ  milw 
above  Bridgeport,  failed.  It  was  800  feet  long,  28  feet  high,  built  of  earth  with  a  masonry 
spillway.  It  had  a  puddle  core,  a  top  width  of  30  feet^  upper  slope  1.5  to  1,  lower  slope  1  to 
1.  In  addition  to  a  spillway  52  feet  long,  there  were  two  openings  3  feet  lOJ  inches  by  1 
foot  8i  inches  and  a  circular  opening  4  feet  in  diameter.  Failure  resulted  from  overflow, 
due  in  part  to  the  blocking  of  spillway  by  debris.  The  fourth  dam  to  fail  was  the  Berkshire 
milldam.  This  was  a  mtLsonry  tidewater  dam  140  feet  long  and  7  feet  high.  Ite  failure 
was  probably  duo  to  undermining. 
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Sc^voral  bridges  wore  damaged,  traffic  wafl  impeded,  and  Hhipe  at  the  mouth  of  the  river 
woro  damaged.  Fortunat4'ly  the  tide  was  at  ebb  stage  when  the  flood  wave  reached  the 
rnoulh  of  the  river,  otherwise  the  damage  to  shipping  would  have  been  greater. 

FLOOD  ON  SIXMILE  CREEK  AND  CAYUGA  INLET,  NEW  YORK. 

INTIWDUCTION. 

On  June  21,  1905,  occurred  the  largest  and  most  destructive  flood  on  Sixmile  Creek  and 
(Cayuga  Inlet  in  the  recollection  of  the  oldest  inhabitant  of  Ithaca,  N.  Y.    Up  to  that  time 


Fio.  1.— Drainage  basin  of  Sixmile  Creek  and  Cayuga  Inlet,  New  York. 

the  flood  of  1857  had  been  regarded  as  the  largest  on  this  stream,  but  the  depth  of  overflow 
during  the  flood  of  June  21,  1905,  was  at  least  1  foot  greater  than  during  the  flood  of  1857, 
as  shown  by  well  authenticated  flood  marks.    The  flood  of  1905  was  due  to  a  cloud-burst, 
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which  fortunately  did  not  cover  a  very  large  area.  Had  a  storm  of  the  intensity  of  this  one 
covered  the  whole  drainage  area  of  these  two  streams  the  damage  done  at  Ithara  and  vie in- 
ity  would  have  l)een  very  large. 

The  city  of  Ithaca  is  so  situated  that  the  effect  of  a  storm  in  the  drainage  basin  is  almost 
the  greatest  possible.  It  is  located  on  a  low,  flat  area,  with  steep  hills  on  three  sides.  The 
drainage  area  is  characterized  by  steep  slopes  and  nearly  impervious  soil,  and  is  shapes! 
somewhat  like  a  fan,  so  that  the  three  principal  streams  unite  at  about  the  same  place  in  th« 
city.  Thus  a  very  large  volume  of  water,  compared  with  the  size  of  the  drainage  basin,  is 
brought  into  the  city  very  rapidly.  The  banks  are  eroded  where  the  velocity  of  the  wat^r 
is  high,  the  protection  is  poor,  and  gravel  and  small  bowlders  are  deposited  in  a  short  time 
in  other  places  where  the  velocity  is  low. 

Fall  Creek,  Cayuga  Inlet,  Sixmile  Creek,  and  Cascadilla  Creek  drain  the  area  at  the  south- 
em  end  of  Cayuga  Lake.  Sixmile  and  Cascadilla  creeks  are  really  tributaries  of  Cayuga 
Inlet  near  its  mouth  (see  fig.  1).  Fall  Creek,  the  largest  of  these  four,  drains  an  area  of 
about  117  square  miles.  In  about  22  miles  it  falls  from  an  elevation  of  1,306  feet  at  Lake 
Como  to  381  feet  at  its  mouth.  The  upper  half  of  this  basin  is  hilly,  cultivated  land;  the 
lower  half  is  more  broken,  with  steep,  pastured  slopes.  Cayuga  Inlet  drains  an  area  of 
al)out  93  square  miles,  southwest  of  Ithaca.  The  watershed  is  rough,  with  steep  pastured 
slopes,  and  some  of  the  smaller  tributaries  extend  to  an  elevation  of  about  1,900  feet  above 
the  sea  level.  Sixmile  Creek  drains  an  area  of  about  46  square  miles  lying  directly  east  of 
Cayuga  Inlet.  Cascadilla  Creek  drains  an  area  of  about  16  square  miles  lying  east  of  Sixmile 
Creek  basin.  Both  of  these  basins  have  extremely  steep  slopes  and  their  beds  fall  very 
rapidly  until  they  reach  the  city  limits. 

Floods  of  considerable  magnitude  frequently  occur  on  these  streams.  They  are  usually 
due  to  lai-ge  rainfall  over  only  a  portion  of  one  or  another  of  the  watersheds,  and  conse- 
quently all  of  the  streams  are  not  in  destructive  flood  at  the  same  time. 

PREVIOUS  FLOODS. 

Flood  of  June  17,  1857  («). — The  flood  of  1857  was  due  to  a  heavy  rainfall  over  a  com- 
paratively small  area,  mainly  on  the  watershed  of  Sixmile  Greek.  Almost  no  damage  was 
done  on  Fall  Creek  and  comparatively  little  on  Cayuga  Inlet. 

There  were  two  dams  on  Sixmile  Creek  at  this  time  and  both  were  destroyed.  The  fallen 
timbers  of  these  structures  formed  a  temporary  dam  in  front  of  the  stone  arch  bridge  on 
Aurora  street,  and  this  obstruction  caused  the  water  to  overflow  its  banks  and  run  down 
State  street  and  other  streets  parallel  to  it,  flooding  a  part  of  the  city  which  was  not  flooded 
during  the  flood  of  1905.  This  stone  arch  bridge  and  other  bridges  on  Sixmile  Creek  were 
destroyed  by  the  flood.  Marks  left  by  this  flood  near  State  street  show  that  at  this  place  \he 
flood  of  1905  was  about  14  inches  higher  than  that  of  1857. 

Flood  of  December  IJf  and  15, 1901. — The  flood  of  1901,  which  is  one  of  the  three  large  floods 
that  have  occurred  on  Sixmile  Creek,  took  place  on  the  night  of  December  14  and  the  morn- 
ing of  December  15,  as  the  result  of  heavy  rain  over  a  considerable  portion  of  central  New- 
York  and  northern  Pennsylvania.  The  United  States  Weather  Bureau  gage  at  Ithar£. 
recorded  3.09  inches  of  rain  from  8  a.  m.  on  December  14  to  8  a.  m.  on  December  15.  .Vll 
the  streams  entering  the  southern  end  of  Cayuga  Lake  were  in  destructive  flood.  Thi- 
maximum  rate  of  flow  of  Sixmile  Creek  at  Van  Nctta  dam,  al)out  2  miles  above  Ithaca,  «-&> 
computed  by  Prof.  C.  L.  Crandall  to  be  6,070  second-feet. 

FLOOD  OF  JUNE  81,    1905. 

GENERAL   FEATURES. 

Copious  rains  had  fallen  for  two  or  three  days  previous  to  the  flood  of  June  21, 1905,  and  on 
the  21st  heavy  thunderstorms  passed  over  the  south-central  part  of  the  State,  accompanied 


oData  taken  mainly  from  Ithaca  Journal  of  January  24, 1857. 
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by  very  heavy  local  rain.  The  rainfall  at  six  placets  in  or  near  the  drainage  basins  of  Sixmile 
and  Cascadilla  creeks  from  8  a.  m.  on  the  20th  to  8  a.  ra.  on  the  21st  was  as  follows:  Ithaca, 
1.82;  Ehnira,  1.05;  Binghamton,  1.00;  Cortland,  1.38;  Waverly,  0.53;  Perry  City,  1.26, 
and  Kings  Ferry,  1.73.  The  hourly  rainfall  at  Ithaca  from  4  a.  m.  to  4  p.  m.  on  the  21st 
varied  from  0.03  inch  to  0.58  inch.  These  figures  show  only  the  local  character  of  the  storm. 
The  rainfall  indicated  by  them  would  not  cause  even  a  small  flood  on  these  streams.  The 
intensity  of  the  storm  can  be  judged  only  by  the  maximum  rate  of  flow  and  the  damage  done 
on  each  of  the  streams.  This  damage  indicates  that  an  exceedingly  heavy  rain  fell  on  two 
comparatively  small  areas — on  Sixmile  Creek,  in  the  vicinity  of  Brookton  and  Slaterville, 
and  on  Cayuga  Inlet,  in  the  vicinity  of  Stratton  (see  fig.  1). 

FLOOD  ON   SIXMILE   GREEK. 

The  heaviest  rainfall  occurred  in  the  upper  part  of  the  waterfehed  in  the  vicinity  of  Slater- 
ville and  Brookton.  Several  bridges  here  were  destroyed  and  the  banks  of  the  streams  were 
badly  eroded.  In  some  places  a  new  channel  was  formed  and  the  old  channels  were  closed 
with  bowlders  and  gravel.  Some  of  the  bottom  land  along  the  creek  was  badly  damaged  by 
the  deposit  of  gravel  upon  it. 

The  maximum  rate  of  flow  is  computed  from  measurements  of  cross  section  and  slope 
between  Aurora  Street  Bridge  and  Tioga  Street  Bridge.  The  channel  here  is  approximately 
rectangular.  From  these  data  and  a  value  of  the  coefiicient  of  roughness  "n"  of  0.030,  it 
is  found  that  the  mean  velocity  equals  15.8,  and  that  the  maximum  rate  of  discharge  was 
8,980  second-feet,  or  195.2  second-feet  per  square  mile  of  drainage  area. 

The  maximum  rate  of  flow  was  also  computed  at  the  Sixmile  Creek  dam,  4  miles  upstream 
from  Ithaca,  from  the  head  on  the  dam,  length  of  crest,  and  length  of  abutments.  The  dis- 
charge at  this  place  was  found  to  be  8,500  second-feet,  which  agrees  closely  with  the  com- 
puted flow  after  taking  into  account  the  difference  of  drainage  area  at  the  two  places. 

FLOOD   ON   CAYUGA    INLET. 

The  flood  on  this  creek  began  at  about  10  a.  m.  and  lasted  for  about  five  hours.  Mr.  G.  H. 
Ellison,  county  commissioner,  who  lives  on  this  stream  and  who  has  been  over  the  greater 
part  of  the  flooded  area,  .states  that  the  storm  covered  an  area  approximately  circular  in 
shape,  the  radius  ofttie  circle  being  about  3  miles.  The  storm  was  central  over  the  small 
st  ream  southwest  of  Stratton.  Judged  from  the  erosion  of  its  channel  the  flood  in  this  creek 
was  exceedingly  large.  The  highway  and  railroad  bridges  near  the  mouth  of  this  stream 
were  located  at  a  bend  in  the  stream,  the  width  between  abutments  of  the  bridges  being 
about  25  feet.  A  new  channel,  between  80  and  90  feet  wide  and  3  feet  deep,  was  cut  around 
these  bridges,  the  old  channel  being  filled  with  bowlders  and  gravel.  The  area  of  the  water- 
shed of  this  tributary  is  about  2.6  square  miles.  The  extent  of  the  erosion  indicates  that  the 
rainfall  on  this  basin  must  have  been  very  great.  The  main  stream  also  cut  a  channel 
around  the  bridge  near  the  mouth  of  this  gulch.  The  highway  bridge,  located  about  a  half 
mile  below  the  mouth  of  the  gulch,  was  washed  away,  and  the  right  bank  of  the  stream  was 
eroded  for  a  distance  of  50  feet  back  from  the  abutment. 

AREA    OVERFLOWED. 

The  .stream  began  to  overflow  State  street,  Ithaca,  about  3  p.  m.,  reached  its  maximum 
stage  about  5  p.  m.,  and  subsided  below  the  street  level  about  1  a.  m.  of  June  22.  This  over- 
flow extended  from  a  point  about  1,200  feet  east  of  the  creek  to  a  point  1,100  feet  west  of  it, 
had  a  maximum  depth  of  3  feet,  and  a  cross-section  area  of  4,120  square  feet.  The  high- 
w^atf^r  line  at  this  bridge  was  8.9  feet  above  lake  level  on  August  1.  and  about  9.5  feet  above 
lake  level  just  prior  to  the  flood.    The  boundary  of  the  area  overflowed  during  this  flood  is 
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shown  on  fig.  2.  This  area  is  probably  somewhat  less  than  that  overflowed  during  the  flood 
of  1901,  for  Fall  Creek  was  not  in  flood  and  there  was  little  overflow  from  CascadiDa  Creek. 
But  in  some  sections  of  the  city  the  overflow  reached  places  it  had  never  reached  before — at 
least  not  in  thirty  years. 

DAMAQB. 

The  Lehigh  Valley  Railroad,  which  runs  along  Cayuga  Inlet  for  several  miles,  was  dam- 
aged to  such  an  extent  that  trains  could  not  pass  over  this  part  of  the  line  for  about  a  vtmic. 
The  first  estimate  of  the  damage  done  by  this  flood  along  this  railroad  between  Ithaca  and 
Sayre  was  $65,000.  A  later  estimate,  however,  placed  it  at  S100,000.  The  estimated  cost 
of  replacing  bridges,  protecting  them  from  floods,  and  repairing  the  damage  to  loads  in  the 
town  of  Newfield  was  $8,000. 

The  dam  at  the  Van  Netta  mill  was  swept  away  by  the  flood,  leaving  the  city  pumping 
station  on  Sixmile  Creek  without  water  for  the  city's  supply,  and  without  water  power  to 
work  some  of  the  pumps.    The  highway  bridge  over  this  dam  was  also  destroyed. 

The  new  30-foot  dam  about  4  miles  above  Ithaca,  on  this  stream,  was  uninjured;  but  the 
dam  a  few  hundred  feet  below  it,  forming  a  water  cushion  for  the  water  flowing  over  the 
3(X-foot  dam,  was  destroyed.  The  pipe  line  extending  from  the  dam  down  the  creek  was 
considerably  damaged  by  the  washing  out  of  the  concrete  supports. 

The  bridge  at  Clinton  street  was  washed  away;  also  the  right  abutment  and  the  bank  for 
a  distance  of  about  55  feet  back  from  the  abutment  (see  fig.  3).  The  flood  of  1901  eroded, 
to  a  large  extent,  the  right  bank  of  this  stream  from  this  bridge  up  to  a  point  about  300  feet 
above  the  electric  railway  car  bam.  After  the  flood  this  bank  was  protected  along  a  part  of 
this  distance  by  a  concrete  wall,  along  another  part  by  piling  and  planks,  and  along  a  third 
part  by  piling  and  concrete.  The  concrete  part  was  not  injured  by  the  flood  of  1905  along 
the  portion  protected  by  piling,  but  the  piles  were  washed  away  or  badly  damaged,  and  the 
part  protected  by  piles  and  concrete  was  damaged  to  some  extent.  The  water  found  its  way 
back  of  the  piling  and  eroded  the  bank  in  some  places  back  to  a  distance  of  55  feet.  Fig.  3 
shows  a  cross  section  of  the  channel  at  Clinton  Street  Bridge,  taken  August  1,  1905.  The 
shaded  area  was  washed  away  by  the  flood.  The  old  channel  is  now  filled  with  gravel  to  a 
depth  of  2  to  3  feet. 

Meadow  Street  Bridge  was  carried  900  feet  downstream  and  left  with  a  large  mass  of 
lumber  in  front  of  the  Lehigh  Valley  Railway  bridge.  About  a  month  after  the  flood  thU 
bridge  was  taken  apart  and  replaced  in  its  former  location. 

State  Street  Bridge  was  damaged  to  some  extent  and  was  closed  to  heavy  traffic  for  about 
a  month.  A  mass  of  drift  collected  in  front  of  the  bridge  and  prevented  the  water  from 
passing  freely  through  the  natural  channel. 

8UOQE8TED  MEANS   OF  PREVENTING  OB   LESSENING  OYEEFLOlf. 

Overflow  of  the  lowland  in  the  vicinity  of  Ithaca  results  from  two  causes — (1)  backwater 
from  the  lake,  (2)  overflow  of  one  or  more  of  the  four  creeks  before  mentioned.  The  eleva- 
tion of  the  normal  level  of  Cayuga  Lake  is  381  feet  above  sea.  Its  surface  elevation  fluctu- 
ates from  about  5  feet  above  normal  to  1 J  feet  below  normal. 

A  considerable  area  of  land  at  the  south  end  of  the  lake  stands  less  than  5  feet  above  nor- 
mal lake  level,  and  is  consequently  subject  to  overflow  from  the  lake,  but  it  is  not  within 
the  scope  of  this  investigation  to  consider  overflow  from  the  lake  alone.  The  elevation  of 
the  lake  surface  does,  however,  in  a  measure,  affect  the  overflow  of  the  creeks,  becau^  it 
controls  the  surface  slope  near  the  mouth  of  each.  The  sidewalk  on  State  Street  Bridge  t^ 
about  9  feet  above  normal  lake  level,  or  4  feet  above  high-water  lake  level.  There  would, 
therefore,  be  a  surface  slope  of  from  2  to  3  feet  from  the  under  surface  of  State  Street  Bridge 
to  the  lake,  a  distance  of  about  1  mile,  when  the  lake  level  is  at  its  maximtim  hei^it. 

The  effects  of  floods  on  Sixmile  Creek  and  Cayuga  Inlet  are  intensified  by  the  smallness  of 
the  channel  and  the  obstructions  in  the  streamway  from  State  Street  Bridge  to  a  point  below 
Buffalo  Street  Bridge.    The  average  width  of  the  channel  along  this  portion  of  it  is  odJt  67 
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FiQ.  2.— Map  showing  area  overflowed,  location  of  bridges,  etc.,  Ithaca,  N.  Y. 
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PROFILE   OF   SIX  MILE   CREEK   FROM   EAST   LINE   OF  AURORA  ST.   TO   CLINTON    ST.   WWXiE 
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Fig.  3.    Flood  pn)lilc  and  cross  set-lions  of  Sixntile  Creek. 


NEW    YORK:    UNADILLA    AND    CHENANGO   RIVERS.  9 

feet.  There  are  two  or  three  groups  of  piles  under  each  of  these  bridges,  one  being  the 
group  that  supports  the  draw  span  of  the  bridge.  The  water  cross  section  at  each  of  these 
bridges  up  to  the  bridge  floor,  not  making  any  allowance  for  the  area  of  the  piles  in  the 
channel,  is  as  follows:  State  Street  Bridge,  1,625  square  feet;  Seneca  Street  Bridge,  1,244 
square  feet;  Buffalo  Street  Bridge,  1,210  square  feet.  These  sections  and  the  portion  of 
earh  obstructed  by  piles  are  shown  in  fig.  3.  With  a  surface  slope  of  2  to  3  feet,  Cayuga 
Inlet,  if  unobstructed,  would  discharge  6,000  second-feet.  The  maximum  flow  being  more 
than  15,000  second-feet,  there  remains  a  flow  of  9,000  second-feet  to  be  provided  for,  either 
by  storage  or  by  the  construction  of  an  overflow  channel,  if  the  overflow  of  State  street  is  to 
be  prevented  during  a  flood  of  the  magnitude  of  that  of  June  21, 1905. 

It  is  not  within  the  scope  of  this  investigation  to  determine  whether  or  not  storage  suffi- 
cient to  control  this  amount  of  flow  is  obtainable.  Judging,  however,  from  the  topography 
of  the  watershed,  one  would  readily  infer  that  such  storage  is  possible;  but  the  second  solu- 
tion of  the  problem,  namely,  the  construction  of  an  additional  channel  to  carry  off  this 
surplus  water,  would  be  the  most  feasible.  This  solution  has  several  times  been  recom- 
mended, but  satisfactory  data  have  not  heretofore  been  available  to  determine  the  proper 
size  of  the  channel.  This  channel  would  be  about  a  mile  long,  and  would  be  cut  through 
low  ground  of  little  value  and  easy  of  exc^vatio^. 

DiPBOVEMENT  OF  CHANNEL  OF  SIXMILE  GREEK. 

The  damage  done  by  floods  upon  this  creek,  from  a  point  about  800  feet  abov^  Aurora 
Street  Bridge  to  Cayuga  Street  Bridge,  would  several  times  pay  the  expense  of  suitable 
bank  protection.  The  flood  of  1905  has  taught  a  useful  lesson  as  to  the  kind  of  protection, 
its  height,  and  the  proper  width  of  the  channel.  The  concrete  work  near  Aurora  Street 
Bridge  was  uninjured  by  this  flood,  but  was  not  sufficiently  high.  The  width  of  channel  at 
this  place  is  about  56  feet  and  the  maximum  depth  of  the  water  was  about  10  feet.  The 
bed  was  not  injured  by  scour.  Below  Cayuga  Street  Bridge  the  grade  of  the  stream  bed 
decreases;  hence  the  width  of  the  channel  should  increase  as  State  Street  Bridge  is  approached. 
The  height  of  the  banks  and  the  width  of  channel  can  easily  be  computed  from  the  maxi- 
mum rate  of  flow  and  the  slope  of  the  bed. 

CONCLUSION. 

Rainfall  records  are  of  little  value  in  estimating  the  maximum  flow  of  streams,  especially 
the  smaller  ones.  The  maximum  rates  of  flow  are  due  to  storms  of  short  duration  and  great 
intensity  over  small  areas,  and  there  is  seldom  a  rain  gage  in  the  area  of  greatest  precipita- 
tion. The  maximum  rate  of  flow  of  Sixmile  Creek  at  Ithaca,  June  21, 1905,  was  about  three 
times  greater  than  its  supposed  maximum  rate  computed  from  rainfall  records. 

FLOOD  ON  THE  UNADILLA  AND  CHENANGO  RIVERS,  NEW  YORK. 
By  R.  E.  HoRTON  and  C.  C.  Covert. 
INTRODUCTION. 

Considerable  damage  was  done  in  the  valleys  of  the  Unadilla  and  Chenango  rivers,  in 
Chenango,  Otsego,  and  Madison  counties.  New  York,  on  September  3  and  4,  by  a  flood  that 
caused  the  overflow  of  the  smaller  streams  of  these  ba.sins  and  the  failure  of  culverts  and 
reservoirs.  The  flood  was  the  direct  result  of  a  short  rain  storm,  of  great  intensity,  that 
occurred  after  several  days  of  rain,  which  had  saturated  the  soil  and  filled  the  streams  nearly 
bank  full. 

Unadilla  River  rises  in  the  southern  part  of  Herkimer  County,  flows  southeastward  for 
about  50  miles,  and  empties  into  the  Susquehanna  near  Sydney.  It«  chief  tributary  is 
Wharton  Creek,  which  enters  it  at  New  Berlin.    The  watershed  is  long  and  narrow,  with 
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numerous  side  grass-covered  valleys  and  a  moderate  amount  of  woodland.  The  soil  is  r lt\ 
and  gravel,  of  considerable  depth,  underlain  by  rock.  The  smaller  streams  are  precipi:i>u^ 
with  beds  of  bowlders,  shingle,  and  gravel,  and  as  their  headwaters  are  approached  if* 
beds  become  solid  rock- 


Fig.  4.— Map  of  drHinage  basins  ol  Unadilla  und  Chenango  rivers.  New  YorL. 

Chenango  River  is  located  just  west  of  the  Unadilla,  and  its  basin  greatly  resembles  f/'«f 
of  the  Unadilla,  bein^  long  and  comparaiivelv  nariow,  with  numerous  small  side  valloys 
The  side  slopes  are  grass-covered  and  moderately  steep. 
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The  drainage  areas  of  the  streams  on  which  most  of  the  damage  was  done  by  this  flood  are 
approximately  as  follows: 

Square  miles. 

Mill  Brook  above  Ackerman  dam 0. 4 

Wharton  Brook  above  mouth 95.0 

Unadllla  River  above  South  Edmeston 172.0 

Unadilla  River,  South  Edmeston  to  electric  light  company's  dam  at  New  Berlin 32.0 

Total,  Cnadilla  River  above  dam,  New  Berlin 204.0 

Susquehanna  River  above  Sydney 914. 0 

Mad  Brook  above  storage  reservoir,  near  Sherburne 5.0 

Chenango  River  above  South  Oxford  Branch 423. 0 

PRECIPITATION. 

The  following  table  gives  the  depth  of  rainfall,  in  inches,  at  several  stations  of  the  United 
States  Weather  Bureau  in  the  vicinity  of  these  basins  from  August  29  to  September  4, 
inclusive.  Fig.  4  shows  the  watersheds  of  these  streams  and  the  location  of  some  of  these 
rainfall  stations: 

Precipitation  in  vicinity  of  the  Chenango  and  Unadilla  waier sheds  August  29  to  September  J^, 

1905. 


SUtlon. 


Bouckville 

Cooperslown 

Cortland 

De  Ruyter 

New  Lisbon 

Oneonta 

Oxford 

Richmond  ville.l 
South  Kort right 

Little  Falls 

Graerenberg 

Savage  reservoir, 


August 
30. 

September— 

Total. 

29. 

31. 

1. 

2. 

3. 

4. 

0.31 

2.13 

0.00 

0 

0.22 

0.80 

1.36 

4.82 

0.00 

1.50 

0.00 

0 

0.55 

1. 15 

0  22 

3.42 

0.30 

1.2.5 

0.28 

0 

0  11 

(°) 

1.53 

3.47 

O.OH 

2.fil 

0.01 

0 

0.22 

1.30 

0  17 

4.37 

0.31 

1.70 

0.02 

0 

0.42 

0.12 

1.92 

4.49 

(«) 

1.84 

0.00 

0 

Tr. 

0.00 

0  28 

2.12 

0.15 

1.41 

0.40 

0 

0.42 

0  50 

0.55 

3.43 

0.00 

0.96 

0.00 

0 

0.49 

0.03 

0.24 

1  72 

0.18 

1.43 

0  28 

0 

Tr. 

0.38 

0  52 

2.79 

0.23 

0  98 

0.00 

0 

0  58 

0.55 

2  52 

4.86 

0.  31 

0  33 

0.80 

1.20 

0.87 

.151 

0.38 

0  37 

091 

1.21 

0.87 

3  74 

a  .\ mount  mcluded  m  next  measurement 

The  Graefenberg  and  Savage  reservoirs  are  located  near  Utica,  a  few  miles  north  of  the 
Chenango-Mohawk  divide. 

These  rainfall  data  indicate  only  in  a  general  way  the  precipitation  for  this  period  over 
these  basins.  None  of  the  stations  are  located  in  the  areas  where  the  greatest  damage  was 
done.  The  rainfall  at  several  of  the  stations  was  greater  on  August  30  than  during  the 
flood,  this  fact  showing  that  the  precipitation  over  the  flooded  basins  was  probably  much 
greater  than  shown  by  these  records.  The  measured  ramfall  and  the  damage  done  indicate 
a  very  heavy  rain  of  short  duration  over  a  comparatively  small  area.  The  effect  of  this 
local  storm  was  intensified  by  the  heavy  rams  of  the  previous  six  days. 

IRR  162—06 2 


12  DESTBUCTIVE    FLOODS    IN   UNITED    STATES   IN    1905. 

DISCHARGE. 

The  maximum  discharge  of  some  of  the  streams  in  the  flooded  area  is  given  in  the  follow- 
ing   table : 

Maximum  discharge  of  streams  in  Unadilla  and  Chenango  basins. 


Stream. 

Locality. 

Date. 

Area 
(square 
miles). 

Discfaaz^. 

Secon.l- 

1      mile. 

Mill  Brook 

Unadilla  River.... 

Mad  Brook 

Starch       Factory 
Creek. 

Do 

Ackerman  dam,  near  Edmes- 
ton. 

New  Berlin  Electric  Light  and 
Power  Company's  dam. 

Upper  storage  reservoir,  Sher- 
burne. 

NearUtlca 

September   3,    4, 

1905. 
September   3,    4, 

f905.  - 

September   3,    4, 
1905. 

September   3,    4, 
1905. 

June  21, 1905 

9.4 

204.0 

5u0 

3.4 

3.4 
3.4 
3.4 

2,300.0 

8,200.0 

1,300.0 

712.0 

1 

241  0 

40.0 

2S2.0 

30910 

do 

647.5             190.4 

Do 

do 

March,  1903 

October  10.1903... 
Mareh  25.1904a... 

367.0             lftv.0 

Do 

.  ...do 

313.0 
372.0 

9>0 

Do 

do 

lOSi.4 

a  Melting  snow. 

The  di9chai^  of  Starch  Factory  Creek  at  the  gaging  stations  near  Utica  has  been  included 
for  purposes  of  comparison.  The  records  of  flow  at  this  station  have  been  kept  for  three 
years,  and  the  discharge  obtained  there  is  more  accurate  than  that  obtained  at  the  other 
places  mentioned  in  the  table. 

It  is  seen  that  the  flood  of  September,  1905,  on  Stareh  Factory  Creek  was  somewhat 
larger  than  that  of  June  21,  1905,  and  considerably  larger  than  those  of  1903  and  1904. 
As  far  as  known,  the  storm  that  caused  the  flood  of  June,  1905,  did  little  damage  in  the 
Unadilla  and  Chenango  basins.  The  duration  of  the  September  flood  of  1905  was  from 
twelve  to  fifteen  hours,  and  was  somewhat  longer  on  the  Chenango  than  on  the  Unadilla 
River. 

In  the  Chenango  basin  the  magnitude  of  the  flood,  as  well  as  the  damage  done,  was 
much  less  than  in  the  Unadilla  basin.  This  difl'erence  was  due  in  part  to  the  interception 
of  a  part  of  the  flood  water  for  storage  in  the  State  reservoirs  in  the  upper  Chenango  basin. 
These  reservoirs,  which  are  located  in  the  vicinity  of  Hamilton,  had  been  drawn  down 
during  the  months  preceding  the  flood  to  supply  the  Erie  Canal.  As  a  result  the  nin-ofl 
from  the  area  tributary  to  them — comprising  30  square  miles,  mostly  hillside  land — ^wa2» 
intercepted  and  stored  in  the  reservoirs,  and  the  damage  that  would  have  resulted  from 
the  passage  of  this  volume  of  water  down  the  streams  was  thus  prevented. 

The  maximum  discharge  of  Chenango  River  at  Bingham  ton,  near-its  mouth,  during  this 
flood  was  17,400  second-feet  at  5  p.  m.  September  5.  On  March  2,  1902,  the  discharge  of 
this  stream  at  this  place  was  35,950  second-feet — that  is,  twice  as  great  as  during  the  flood 
of  1905.  The  maximum  discharge  of  the  Susquehanna  at  Binghamton  during  t-he  flood 
was  29,240  second-feet  at  5  p.  m.  September  4.  On  March  2, 1902,  the  maximum  discharge 
here  was  60,400  second-feet — that  is,  more  than  twice  that  measured  during  tJie  flood  of 
September,  1905.  The  March  flood  on  the  Susquehanna  was  not  only  twice  as  large,  but 
was  of  much  longer  duration,  and  was  due  to  the  melting  of  ice  and  snow,  as  well  as  to  rain. 

DAMAGE. 

The  greatest  damage  caused  by  this  storm  occurred  in  the  village  of  Edmeston,  at  New 
Berlin,  and  elsewhere  along  Wharton  Creek  and  Unadilla  River.  The  failure  of  the  Sher- 
burne Waterworks  reservoir,  in  the  Chenango  basin,  resulted  in  severe  damage  below  it. 
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The  railroads  passing  through  these  hasins  sufTered  heavily  and  were  out  of  service  from 
one  to  two  weeks.  Three  dams  at  Mill  Creek  above  Edmeston  failed,  also  one  at  Edmeston 
and  one  at  New  Berlin.  These  failures  intensified  the  flood.  The  damage  in  the  vicinity 
of  the  village  of  Edmeston  is  estimated  at  125,000.  The  damage  at  New  Berlin  resulted 
from  the  choking  of  a  stone  arch  culvert  over  a  tributary  of  Paper  Mill  Brook,  three-fourths 
of  a  mile  above  the  village.  This  culvert  became  clogged  with  drift  and  the  stream  over- 
flowed the  arch  and  washed  it  away,  flowing  down  Main  street,  scouring  in  some  places  to 
the  depth  of  8  or  10  feet,  sweeping  away  the  smaller  buildings,  filling  cellars,  and  causing 
a  loss  of  $10,000  to  residences  and  business  houses  in  the  village.  In  the  township  of  New 
Berlin  22  bridges  were  washed  away,  ranging  in  value  from-$25  to  $1,400.  The  villages  of 
Bridgewater,  Brookfield,  and  North  Brookfield  also  sufTered  heavily  from  this  flood. 

The  village  of  Sherburne  gets  its  water  supply  from  two  reservoirs  on  Mad  Brook,  about 
2  miles  northeast  of  the  village.  The  upper  or  storage  reservoir,  having  a  capacity  of 
10,000,000  gallons,  was  formed  by  an  earth  embankment  300  feet  long,  35  feet  high,  and  10 
feet  thick  on  the  top.  There  is  a  spillway  35  feet  wide,  6  feet  deep,  with  a  slope  of  1  in  350 
at  one  end.  During  this  flood  the  water  in  this  reservoir  rose  to  the  height  of  1  foot  above 
the  top  of  this  embankment  and  scoured  out  a  U-shaped  section  150  feet  in  width  at  the  top 
t^  the  base  of  the  embankment.    The  lower  reservoir  also  was  damaged  to  some  extent. 

Nearly  every  bridge  in  the  towns  of  Exeter,  Columbus,  Sherburne,  Pittsfield,  Edmeston, 
and  New  Berlin  were  either  washed  away  or  badly  damaged. 

FLOOD  ON  ALLEGHENY  RIVER,  PENNSYLVANIA-NEW  YORK. 

INTRODUCTION. 

The  spring  freshet  of  March  18-31  on  the  Alle>gheuy  and  upper  Ohio  rivers  was  not  the 
largest  or  most  destructive  that  has  occurred  on  these  streams,  but  nevertheless  approached 
closely  the  maximum  recorded  stage  at  some  places  along  the  Allegheny  and  caused  much 
loss  of  property  and  inconvenience. 

The  highest  stage  at  Pittsburg  was  29  feet,  which  is  4.2  feet  below  the  height  reached  dur- 
ing the  great  flood  of  1884,  but  only  1  foot  below  that  of  the  flood  of  1904,  when  about 
$1,000,000  worth  of  property  was  destroyed  in  western  Pennsylvania  and  eastern  Ohio. 
The  highest  stage  of  the  Monongahela  at  Lock  No.  4,  Pennsylvania,  was  27.2  feet,  which  is 
1.5  feet  below  maximum  recorded  stage.  The  failure  of  this  stream  to  yield  the  rate  of  flow 
expected  resulted  in  a  st^e  2  feet  less  than  was  predicted. 

The  flood  was  the  result  of  rapid  melting  of  snow  on  five  days  (March  16-20),  and  a  rain- 
fall of  0.75  inch  on  the  19th  and  0.50  inch  on  the  20th.  The  ice  gorges  held  back  large 
volumes  of  water  and  augmented  the  maximum  rate  of  flow. 

Allegheny  River  rises  in  northern  Pennsylvania,  at  an  altitude  of  about  2,500  feet.  It 
flows  northwestward  into  New  York,  then  southwestward  through  Pennsylvania,  and  joins 
the  Monongahela  at  Pittsburg,  Pa.,  to  form  the  Ohio.  Its  length,  measured  along  the 
stream,  is  325  miles,  and  the  area  drained  by  it  comprises  11,100  square  miles.  From  its 
mouth  to  Olean,  N.  Y.,  a  distance  of  255  miles,  the  slope  is  gradual  and  slightly  less  than  3 
feet  per  mile.  From  Olean  to  Salamanca,  N.  Y.,  a  distance  of  23  miles,  the  fall  is  1.85  feet 
per  mile. 

The  greater  part  of  the  watershed  is  mountainous  or  hilly,  with  steep,  nearly  impervious 
slopes  and  no  surface  storage;  hence  the  run-ofT  is  rapid.  The  rapid  melting  of  snow,  which 
in  places  in  the  upper  part  of  the  watershed  has  a  depth  of  3  feet,  and  the  formation  of  ice 
gorges  cause  great  floods,  especially  in  the  sluggish  stretches  of  the  stream.  One  of  the 
lai^est  of  the.se  ice  freshets  occurred  January,  1877.o 


«  Report  of  Chief  of  Engineers  U.  8.  Army  for  1880,  pt.  2,  p.  1760. 
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DESTRUCTIVE    FLOODS   IN    UNITED    STATES   IN   3905. 


PRECH'ITATION. 

There  are  no  authentic  records  of  the  depth  of  snow  accumulated  during  the  wintor  of 
1904-5  or  its  water  equivalent.  The  following  record  of  water  equivalent  of  snow  at  thn-e 
places  in  New  York  State  a  will  show  in  a  general  way  the  probable  water  equivalent  of  the 
snow  in  the  upper  part  of  this  basin : 

Wdter  equivalent  of  snow  oh  ground  at  Hancock  and  near  Utica^  N.  Y.,  during  February  and 

March,  1906. 


Date. 


Hancock. 


Utica. 


1    Graelen- 

voir,  iH^r 
!      Utica. 


February  6.. 
February  13. 
February  14. 
February  20. 
February  21 . 
February  27. 
February  28. 

March  6 

March  13.... 

March  20 

March  27 


Inches. 

1.85 


Jncheg. 
2.39 
3.27 


IncAe*, 

5.06 
5.97 


2.93 
3.49  ' 


3.27 


2.45 


a2S 
7.30 


2.40 

i.ao 

1.35 


3.18 
2.89 


I 


I 


&66 
6.03 
4.88 
3L37 


During  the  five  days  comprising  March  16-20  the  temperature  in  this  basin  was  as  follows: 
Temperatures  in  Allegheny  River  basin  March  16-20,  1905. 


Date. 

Maximum. 

Minimum. 

OF. 
21 
31 
36 

1                 Date. 

Maximum. 

oF. 
59 
48 

Minimum. 

March  10 

OF. 
55 
62 
67 

'  March  19 

42 

March  17 

March  20 

Si 

March  18 

These  high  temperatures  were  accompanied  by  considerable  rain,  especially  on  March  19 
and  20,  averaging  for  16  stations  in  this  basin  0.75  inch  on  the  19th  and  0.50  inch  on  tbf> 
20th.  As  a  result  of  this  rain  and  melting  snow  the  tributaries  rose  rapidly  during  the  19th 
and  20th  and  reached  a  maximum  stage  generally  on  March  20. 


a  Data  furnished  by  K.  E.  Horton,  district  hydrographer. 


PENN8YLVANIA-1«EW    YORK!    ALLEGHENY    RIVER, 
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THE  FLOOD. 

The  gage  heights  at  several  points  are  shown  in  the  following  table: 

Qage  "heights  infeetj  in  Allegheny  Rii^r  basiny  March  18-Slj  1906. 


Date. 

Freeport.a 

Oil  City.a 

Red  house, 
N.  Y.ft 

Mononga- 
hela  River 

at  Lock 
No.  4,  Pa.o 

Redbank 

Creek. 

Brookville, 

Pa.a 

Clarion 

River, 

Clarion, 

Pa.a 

Conemaugh 
River, 

Johnstown, 
Pa.a 

BlarchlS 

10.0 

4.2 

a5 

9.6 

1.4 

7.4 

6.4 

March  19 

16.8 

15.5 

11.4 

9.9 

5.0 

10.8 

7.6 

March20 

«'31.2 

17.6 

11.6 

14.4 

5.8 

16.0 

8.8 

March  21 

28.6 

14.9 

11.7 

16.5 

4.0 

11.0 

9.0 

March  22 

26.3 

14.1 

11.1 

27.2 

3.8 

9.6 

7.0 

March  23 

21.5 

12.3 

9.9 

20.5 

2.8 

7.7 

5.4 

March  24 

lao 

11.1 

9.6 

13.3 

2.0 

6.8 

4.5 

Match  25 

17.4 
16.8 
17.5 
18.0 
15. 0 
13.0 
11.8 

11.0 

las 

10.4 
10.3 
9.4 
8.6 
7.9 

0.6 
9.7 
9.9 
9.8 
9.3 
&8 
8.2 

12.9 
13.3 

ia2 

12.3 
10.9 
10.0 
9.2 

March  26 

1 

March  27    

1 

March  28 

1 

March  29 

March  30 

1 

March  31 

1 

a  U.  S.  Weather  Bureau  Stotlon. 

bThis  gaging  station  is  described  In  Water-Sup.  and  Irr.  Paper  128,  p.  45. 

e  Maximum,  32  feet. 

The  Freeport  station  is  just  below  the  mouth  of  Eiskiminitas  River  and  is  28  miles 
above  Pittsburg.  The  highest  stage  at  Freeport  was  32  feet—that  is,  31.3  feet  above  low 
water — on  March  20.  The  highest  recorded  stage  was  32.7  feet  on  February  18, 1891.  The 
maximum  of  1905  lacked  only  0.7  foot  of  being  as  high  as  the  highest  since  1890  at  this  place. 
The  following  table  gives  the  maximum  stage  of  the  river  at  Freeport  each  year  from  1890  to 
1905: 

Flood  stages  of  Allegheny  River  at  Freeport,  Pa.,  1890-1905. 


Year. 


1890. 
1890. 
1890 
1801 
1882. 
1893 
1894 


Date. 


January  16 

April  10 

May  24 

February  18 . . 

March  28 

May  18 

May  22 


Ottgc 
ight.c 


heigl 


Year. 


Feet. 

l&O  ,  1895... 

20.0  I  1896... 

22.1  I  1897... 

32.7  li  1898... 
17.5  I  1899... 

22.8  j  1900... 
24.5 


Date. 


Gage 
height."  I, 


April  10 

March  31 

March  6 

March  24 

March? 

January  22. . 


Feet. 
20.6 
20.2 
19.5 
25.3  I 
17.0 
17.5 


Year. 

Date. 

Gage 
height/x 

Feet. 

1901... 

April  21 

2:j.O 

1902... 

March  1 

28.8 

1903... 

February  5. . 

23.6 

1    1904... 

January  2.t.. 

30./ 

1904... 

March  4 

27.9 

,  1905... 

! 

March  20.... 

6  31.2 

o  U   S   Weather  Bureau  gage  heights. 
b  Maximum, 32  feet. 

The  greatest  stage  at  Oil  City^  123  miles  above  Pittsburg,  was  17.6  feet  on  the  20th.  Od 
March  17,  1865,  the  stage  at  this  place  was  21  feet— that  is,  3.4  feet  higher  than  during  this 
flood. 

The  greatest  stage  at  Redhouse,  about  15  miles  above  the  New  York-Pennsylvania  line, 
was  11.7  feet  on  March  21.  This  is  less  than  9  feet  above  ordmary  low  stage.  There  waa 
no  overflow  worthy  of  mention  here  or  above  this  station. 
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The  maximum  stage  during  this  freshet  at  Lock  No.  4,  on  the  Monongahela,  about  40  mil» 
above  its  mouth,  was  27.2  feet  on  the  22d.  The  rate  of  flow  was  94,000  second-feet.  The 
highest  recorded  stage  is  42  and  the  highest  discharge  is  207,000  second-feet.  The  volume 
contributed  to  this  flood  by  this  stream  was  comparatively  small.  This  small  run-ofl'  i< 
partly  due  to  a  freshet  of  greater  magnitude,  which  occurred  from  the  8th  to  the  14th,  and 
wliich  removed  most  of  the  snow  from  the  watershed. 

The  details  of  river  stage  at  Kittanning,  Pa.,  45  miles  above  Pittsburg,  are  shown  below. 
The  ice  jam  at  Ford  City,  about  3  miles  below,  broke  at  about  10.30  a.  m.  on  March  18- 

Goffe  heigJUs  and  discharge  of  Allegheny  River  at  Kittanning,  Pa.,  March  18-2^,  J 905. 


Date. 

Hour. 

March  18 

'10.30  a.  m. 

March  18 

11.30  a.m. 

March  18 

3.30  p.  ni. 

March  18 

4.00  p.  m. 

March  18 

4.30  p.  ni. 

March  19 

11.00  a.m. 

March  19 

12.30  p.  m. 

March  19 

2.00  p.  m. 

March  19 

2.30  p.  m. 

March  19 

3.15  p.m. 

March  19 

4.15  p.  m. 

March  19 

4.45  p.  m. 

March  19 

5.40  p.  m. 

March  19 

5.55  p.  m. 

March  19... 

6.15  p.  m. 

March  19 

6.35  p.  m. 

March  20 

7.15  a.m. 

March  20 

8.15  a.  m. 

March  20 

11.15  a.m. 

March  20 

12.30  p.  m. 

Gage     I 
height.  I 

Feet,     j 
16.40  I 
15.30 
12. 10  I 
11.95  ; 
11.85 
16.50  ' 
17.60  I 
1&40  I 
18.70 
19.50  ' 
20.45 
20.90  i 
22.15 
22.50 
22.90 
23.25 
28.40  I 
28.5.5  1 

2a  75  I 

28.80 


Dis- 
charge. 


Date. 


Sec-feet. 

82,900 

7?,  000 

47,830    j 

46,810   I 

46.140  J 

83,840    I 

94.560  ij 

102,800    ' 

105,900  "i 

114,700  1 1 

125,600  t| 

131,000  II 

145,640  ,| 

151,200   I 

156,600  I! 

161,300  1 1 

235,000  iJ 

237,200    I 

240,200    ' 

240,900    I 


March  20..... 

March  20 

March  20 

March  20..... 
March  20..... 

March  21 

March  21 

March  21 

March  21 

March  21 

March  21 

March  21 

March  22. 

March  22. 

March  22 

March  22. 

March  22 

March  23 

March  24 

March  25 


Hour. 


2.00  p.  m, 
2.30  p.  m.  , 
2.45  p.  m.  I 
4.00  p.  m.  I 
4.30  p.  m.  I 
7.15  a,m. 
8.15  a.  m. 

10.30  a.m. 

11.15  a.m.  ; 

11.50  a.  m. 
2.10  p.  m.  I 
3.10  p.m. 
7.45  a.m.  ' 
9.00  a.  m. 

11.00  a.m.  I 

12.45  p.  m. 
2.00  p.  m.  I 
6.30  a.  ro. 
6.00  a.  m. 
7.00  a.  m. 


GagB 
height. 

Feel. 
28.75 
28.70 
2&70 
28.60 
28.50 
25.50 
25.30 
24.80 
24.70 
24.60 
24.25 
24.10 
22.35 
22.20 
22.00 
21.75 
21.60 
19.25 
16.50 
16.05 


Dis- 
ehar|?p. 

Sre.-fffL 

240.200 
239.400 
239.  «0 

237, yen 

23ti.4U0 
192.  WO 
190,000 
182.9011 
181.501 
180.  lOu 
175, 200 
173, 100 
149.300 
147.3U0 
144. 7tg 
14I..'ilO 
139.  (dU 

iii.opri 

83.840 
76.  »^ 


The  highest  stage  at  Kittanning  was  28.8  feet  on  the  gage,  or  26.5  feet  above  ordinary  low 
water.  It  lacked  6  to  8  inches  of  the  height  reached  by  the  flood  of  1865,  and  probably 
lacked  8  inches  or  more  of  reaching  the  height  of  the  flood  of  1832.  The  rise  was  very  rapid, 
about  5  feet  the  first  day  and  10  feet  the  second.  The  maximum  daily  rate  of  discharge  was 
231,990  second-feet,  or  26.7  second-feet  per  square  mile. 

FLOOD  ON  OHIO  RIVER. 

The  gaging  station  on  this  stream  is  at  Wheeling,  W.  Va.,  90  miles  below  Pittsbui^g,  Pa. 
The  drainage  above  it,  including  the  Allegheny  and  Monongahela  basins,  is  23,800  squarp 
miles.  Beaver  River,  which  joins  the  Ohio  from  the.  north  25  miles  below  Pittsburg,  is 
the  only  comparatively  large  stream  entering  between  Pittsburg  and  Wheeling,  its  drain- 
age area  comprises  3,030  square  miles.  The  first  comparatively  large  stream  that  joins  ihe 
Ohio  below  Wheeling  is  the  Muskingum  River.  It  enters  from  the  north  at  Marietta,  81 
miles  below  Wheeling,  and  has  a  drainage  of  7,740  .square  miles. 


OHIO   RIVER. 
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The  magnitude  and  duration  of  the  flood  of  March,  1905,  can  be  seen  from  the  data  in  the 
following  table: 

Stojges  of  Ohio  River  and  tributaries  during  flood  of  Mcireh,  1905. 


Date. 

Ohio  River  at  Wheel- 
ing, W.  Va. 

Ohio 
River  at 
Davis 
Island 
dam. a 

height. 

Ohio          Ohio 

River  at    River  at 

Mart-       Cincin- 

etU.ft    1    nati.c 

Beaver 

River  at 

Elwood 

Junction, 

Pa.d 

Muslcin- 
gum  at 
Zanes- 
ville.« 

Kana- 
wha at 
Charles- 
ton. 
W.Va./ 

Gage 
height. 

Discbarge. 

Gage 
height. 

Gage 
height. 

Gage 
height. 

Gage 
height. 

Gage 
height. 

March  18 

Feet. 
10.9 

Sec-feel.        Feet. 
54.340  1            9.5 

Feet. 
10.75 
12.6 

Feel. 

Feet. 

Feet. 

Feet. 

March  19 

14.9  '           85.700  1           14.1 

25.3 

4.3 
9.6 
9.0 
9.0 
6.0 
5.0 
4.0 
4.0 
4.0 
3.9 
3.9 
3.8 
3.8 

11.1 
13.7 
15.6 
17.3 
16.9 
15.9 
14.5 
13.0 
11.8 
10.9 
V).2 
9.8 
9.5 

6.5 

March  20 

March  21 

March  22          ... 

28.2 

•       39.7 

7  42.3 

205,200            23.2          20.7 
329,200            26.1          32.8 
.\<iO  KOO  i           27.  1            ?SI.\ 

22.3 
21.2 
28.8 
37.1 
42.2 
45.0 
46.8 
47.0 
45.4 
42.2 
38.7 
35.2 
31.3 
28.4 
26.0 

7.0 
8.0 
9.8 

March  23 

41.8*        353,700 
34.0          265,600 
26.2  '         185,500 
23.2  1         157.000 

23. 1  40. 4 

17.2  38.8 

15.0  '        33.7 

15.1  27.2 
14.5           23.6 

10.8 

March  24 

8.5 

March  25 

7.3 

March  26 

7.2 

March  27 

22.6 
21.2 
19.9 

151,500 

7.0 

March  28 

138,900             13.8          21.3 

6.4 

March  29 

127.500 

12.8 
11.5 
10.6 

19.8 
18.1 
16.4 

6.0 

March  30 

17.9           110.400 

5.5 

March  31 

15.9 
14.0 
12.4 

ia9 

93,790 
78,500 
65,920 
54,340 

5.3 

April  1 

April  2 

1 

Aprii3 

a  Highest  stage  32.3  feet  February  7, 1884. 
b  Highest  stage  46^  feet  February  7,1884. 
c  Highest  stage  71.1  feet  February  14,  1884. 
d  Highest  sUge  18  feet  May  18,  1893. 


«  Highest  stage  35.9  feet  March  24.  1898. 

/  Highest  stage  40.9  feet  September  29, 1861. 

9  Maximum  stage  42.7  feet  8  p.  m. 


The  Ohio  at  Davis  Island  dam,  5  miles  below  Pittsburg,  reached  on  March  22  a  maximum 
stage  of  27.1  feet,  which  is  5.2  feet  less  than  the  maximum  reached  during  the  great  flood  of 
February,  1884.    On  the  same  date  it  reached  a  maximum  stage  of  42.3  feet  and  a  rate  of 
flow  of  359,600  second-feet  at  Wheeling.    On  February  7,  1884,  the  river  reached  a  stage . 
of  53.1*  feet  at  Wheeling  and  a  maximum  rate  of  flow  of  494,200  second-feet. 

At  Cincinnati,  Ohio,  a  maximum  stage  of  47  feet  was  reached  on  the  27th,  which  is  24.1 
feet  below  the  height  reached  by  the  flood  of  1884.  The  maximum  stage  of  Beaver  River 
at  Elwood  Junction,  Pa.,  was  8.4  feet  below  the  highest  recorded  stage. 

During  this  flood  the  Muskingum  at  Zanesville  was  18  6  feet  below,  and  the  Kana- 
wha at  Charleston  was  36.1  feet  below  the  maximum  recorded  stage.  It  is  evident, 
therefore,  that  this  flood  came  mainly  from  the  Allegheny  River  and  that  its  magnitude, 
compared  with  other  great  floods,  decreased  as  it  traveled  downstream. 
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The  following  table  gives  the  date  of  occurrence  and  daily  rate  of  flow  of  the  Ohio  at 
Wheeling  during  the  large  floods  from  1884  to  1905: 

Flood  fiow  of  Ohio  River  at  Wheeling,  W.  Fa.,  1884-1905, 
[Danger  line,  36  feet;  drainage  area,  23,800  square  miles.] 


Year. 


1884 


1885  I 


1886 


Date. 


Gage 
I  height.  I 


Discharge. 


1887 


1893 


1888 


1890 


1891 


February  6. . 
February  6.. 
February  7.. 
Februarys.. 
February  9. . 
February  10. 
February  11. 
January  17... 
January  18.. 
January  19. . 

April  1 

April  2 

Aprils 

April  6 

April? 

April  8 

April  9 

Februarys.. 
February  9.. 
I'^ebniary  10. 
February  11. 
February  12. 
February  13, 
February  14. 
August  22... 
August  23... 
August  24... 
March  23.... 
March  24.... 

March  25 

March  26 

Januarys... 
January  4... 
January  5. . . 
February  17. 
February  18. 
Februarj'  19. 
February  20. 
February  21 . 
February  22. 
February  7.. 
Februarys.. 
February  9.. 
February  10. 
February  11. 
February  12. 
February  13. 
May  18 


Fed. 

Sec-feet. 

23.0 

155,100 

38.0 

309,800 

53.1 

494,200 

46.5 

410,400 

41.3 

347,800 

36.0 

287,500 

32.0 

244,300 

26.0 

183,500 

32.8 

252,800 

27.8 

201,200 

23.8 

162,000 

31.0 

233,800 

28.0 

203,200 

22.0 

146,000 

31.3 

237,000 

32.0 

244,300 

27.0 

193,300 

25.0 

173,900 

30.9 

232,800 

30.6 

229,700 

29.4 

217,400 

29.8 

221,500 

33.8 

263,500 

29.8 

221,500 

16.3 

97,060 

32.2 

246,400 

25.6 

179, 700 

26.9 

192,300 

32.5 

249,600 

30.4 

227,600 

21.8 

144,200 

29.4 

217,400 

32.9 

253,800 

20.8 

191,300 

25.0 

173,900 

40.0 

332,700 

44.6 

387,200 

40.5 

338,500 

34.5 

271,000 

29.8 

221,500 

20.9 

136,200 

31.6 

240,100 

32.0 

244,300 

28.0 

203,200 

28.9 

212,300 

32.1 

245,  400 

27.0 

193,300 

23.8 

162,600 

Year. 


1893 
1895 


1897 


1898 


1900 
1901 


1902 


Date. 


hei^. 


Disc^arfET. 


1904 


1905 


May  19 

May  20 

January  8 

January  9 

January  10... 
January  11... 
February  23.. 
February  24.. 
February  25. . 
February  26.. 

March  22 

March  23 

March  24 

March  25 

March  26 

March  27 

February  10.. 

April  20 

April  21 

April  22 

April  23 

April  24..;... 
December  17. 

March  1 , 

March  2 

March  3 

March  4 

March  5 

April  11 

March  1 

March  2 

March  3 

January  23... 
January  24... 
January  25... 
January  26... 

March  8 

March  9 

March  10 

March  11 

April  3 

March  11 

March  21 

March  22 

March  23 

March  24 

March  25 


Feet. 

.   Src.-feet. 

31.5 

230,000 

29.5 

2IS,«D 

28.8 

211,300 

36.0 

287,51  JU 

30.7 

230,7m 

26.0 

]83,5Cr< 

19.5 

124,  CM^ 

35.3 

27^.s«r 

37.0 

29b,tXJL> 

27.0 

193,300 

25.G 

179.7nL- 

35.4 

280,9011 

a  43.9 

378,  :t» 

42.9 

366.700 

37.0 

296,600 

29.9 

222.500 

25.0 

173.  MD 

23.8 

162.10) 

37.0 

298.  tO) 

«41.3 

347.  KM) 

37.0 

298.  av 

32,2 

246.400 

33.9 

254. 9U0 

28.8 

211.300 

42.0 

356,00U 

42.0 

356,  ono 

37.9 

306.700 

30.0 

223,50(> 

32.9 

253.  ar 

28.6 

209..iorj 

39.7 

329.200 

37.3 

308,000 

34.2 

267.^0) 

43.9 

378,700 

41.0 

344, 3iO 

31.5 

239.000 

28.4 

207. 31U 

36.3 

290.800 

29,3 

216.400 

22.3 

148,  aou 

33.9 

264,600 

27,7 

200.300 

39,7 

329,200 

42.3 

356,600 

41.8 

353,700 

34,0 

265,600 

26.2 

185.500 

a  Probable  mean  for  day.    Maximum,  54  feet. 


OHIO-  BIVER. 
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The  largest  flood  at  this  place  during  the  twenty-two  years  covered  by  the  table  occurred 
in  February,  1884.  On  February  7  the  maximum  stage  was  54  feet,  the  mean  stage  for 
the  day  about  53.1  feet,  and  the  rate  of  flow  494,200  second-feet,  or  20.8  feet  per  square  mile. 
During  this  flood  the  river  rose  10.8  feet  higher,  had  a  rate  of  flow  134,600  second-feet 
greater,  and  was  of  two  days'  longer  duration  than  during  the  freshet  of  March,  1905. 
Second  in  rate  of  flow  was  the  flood  of  February,  1891,  when  the  stage  at  8  a.  m.  on  the  19th 
was  44.6  feet,  and  the  greatest  daily  rate  of  flow  was  387,200  second-feet.  Third  in  magni- 
tude was  the  flood  of  March,  1898;  fourth,  that  of  January,  1904;  and  fifth,  that  of  March, 
1905. 

All  the  large  floods  occurred  during  the  spring  or  winter  months  and  were  due  to  rapid 
melting  of  snow.  The  largest  summer  flood  was  in  August,  .1888.  The  maximum  stage 
was  32.2  feet  and  the  rate  of  flow  was  246,400  second-feet.  That  is  about  0.6  the  rate  of  the 
maximum  spring  flood. 

The  river  stood  above  the  danger  line  for  four  days,  from  the  6th  to  the  9th,  inclusive, 
during  the  flood  of  1884,  and  for  three  days,  March  21  to  23,  during  the  flood  of  1905. 

The  total  flow  for  the  four  days  comprising  February  6-9,  1884,  less  the  total  flow  for 
these  days  at  the  danger  line  (36  feet)  is  about  802,100  acre-feet.  The  total  flow  for  the 
three  days  comprising  March  21-23,  1905,  when  this  stream  was  above  the  danger  line, 
less  the  total  flow  for  the  same  period  at  the  danger  line,  is  about  357,000  acre-feet.  These 
figures  show  approximately  the  storage  necessary  to  prevent  this  stream  from  passing  the 
danger  line  at  this  place  during  floods. 

The  following  table  gives  the  highest  stage  each  year,  from  1860  to  1905,  at  Cincinnati, 
Ohio,  for  the  years  that  the  river  rose  above  50  feet  on  the  gage: 

Flood  stages  of  Ohio  River  at  Cincinnatif  Ohio. 
[Danger  line,  50  feot  of  gage;  lowest  stage,  1.9,  September  17-19, 1881.] 


Year. ! 


Date. 


I 


18.12.. 

1847-.J 
1862..; 
1865.. I 
1867..  I 
1870. .  I 
1875.. 
1876.. 
1877.. 


Stage.    Year. 


Date. 


Feet. 

February  18 64. 3 

Decemberl7 63.6 

January  24 57.3 

March? I  56.3 

March  14 1  55.8 

January  19 i  65.3 

Augiist6 '  55.3 

January  29 51.8 

January  20 53. 8 


1880. 
1821. 
1882. 
1883. 
1884. 
1886. 
1887. 
1890. 
1891. 


Stage,  j  Year. 


February  17.. 
February  16. . 
February  21 . . 
February  15. . 
February  14.. 

April  9 

February  5 56. 3 

March  26 50.2 

February  25 57.3 


Feet. 
53.2 
50.6 
58.6  I 
66.3 
71.1 
55.8 


1893. 
1897. 
1896. 
1899. 
1901. 


Date. 


February  20. 

February  26. 

March  29 

March  8 

AprU27 

1902.'  March  5 

19ai.'  March  5 

10O5.'  March  13.... 


Stage. 

Feet. 
54.9 
61.2 
01.4 
57.2 
59.7 
50.9 
52.3 
48.3 


In  these  forty-six  years  the  river  at  this  place  rose  above  50  feet  on  the  gage  twenty- 
three  times.  It  has  l)een  at  stages  from  0.7  to  0.8  of  the  maximum  stage  flfteen  times; 
at  stages  from  0.8  to  0.9  of  the  maximum  stage  six  times;  and  at  stages  from  0.9  to  1  of 
the  maximum  stage  twice.  In  the  seventy-four  years,  from  1832  to  1905  there  have 
been  three  floods,  reaching  stages  from  0.9  to  1  of  the  maximum  stage. 
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FLOOD  ON  GRAND  RIVER,  MICHIGAN. 

This  flood,  although  not  so  large  as  that  of  March,  1904,  was  probably  the  lai^gest  summff 
flood  recorded  in  the  history  of  this  stream.  The  following  table,  taken  from  the  United 
States  Monthly  Weather  Review  for  June,  1905,  gives  the  precipitation  for  May  and  U* 
June  1  to  June  6  at  ten  places  in  this  drainage  basin: 

Preciml(^ion  in  the  basin  of  Grand  River  and  itn  tributaries  in  May  and  June,  1905,  in  inches' 


River. 

Ma 
Amount. 

y- 

June. 

Station. 

Depar- 
ture from 
normal. 

+2.49 
+2.01 

I. 

0.03 
Tr. 

0 

0 

0 
0 

2. 

Tr. 
0 

0 

0.01 
0 

3. 

0.24 
0 
0 
0 

0 
0 

4.         5. 

0. 78     2. 15 
0.28  .  a  40 
0. 10  1  1. 13 
0.11     0.45 

0. 18     0. 28 
0.04  '  2.18 

aT9 

3.15 

4.76 
3.47 

4.72 
3.90  \ 

Total 

Jackson 

Fitchburg 

Webberville 

Agricul  t  u  ral 

College. 
Lansing 

Grand 

Cedar 

do 

do 

G  rand 

0.12 
6.37 
4.36 
6.17 

5.51 
5.46 
3.79 
6.60 

3.99 

+  1.95 

+  1.98 
+2.37 

6.m 
5l39 

St.  Johns 

Looking  Glass.. 

Thornapplc 

do 

5.i2 

Charlotte 

3.30 

Hastings.   .     . 

+  3.22 

0 

0 

0 

0.68  1  0.50 

aeo 

4.:>i 

Ionia 

Grand 

d.31 

Grand  Rapids 

do.... 

5.97 

+2.49 

0 
Tr. 

0.20 
0.03 

0 
0.03 

0.36  1  1.20 

3.56  1 

5.32 

Average 

" 

+  2.36 

0.32 

1.04 

3.77  1 

5.13 

The  rainfall  for  May  exceeded  the  normal  by  2.36  inches,  so  that  the  ground  was  full  or 
nearly  so  at  the  time  of  this  flood.  From  the  4th  to  6th  of  June  5.13  inches  of  rain  fell: 
of  this  amount  75  per  cent  fell  on  the  6th. 

The  following  table  gives  the  daily  gage  height  at  Grand  Rapids,  Mich.,  from  June  5  to 
June  17,  and  the  daily  gage  height  and  corresponding  discharge  at  this  place  dunng  the 
flood  of  March.  1904: 


Flood  fow  of  Grand  River  at 
[Drainage  area. 


Grand  Rapids,  Mich.,  in  1904.  and  1905, 
4,900  square  miles.] 


Year. 


1904 


Date. 


Gage 
height. 


Feel. 

March20 9.20  ] 

March21 9.30, 

March  22 10.65] 

March23 11.45 

March  24 '  15.60 

March  25 18.09 

March  26 19.05 

March  27 19.75 

March  28 19.  3(') 

March  29 18.22 

March  30 16.77 

March  31 15  40 

Apriil 14.45 

AprU2 13  80 

Aprtl3 13.80 

April  4 13.80 

April5 12.80 


Discharge,  i Year. 


Sec-feet. 
16,700 
17.000 
19.500 
21,400 
30.300 
35.800 
37.800 
39,400 
;J8.500 
3(),00() 
32,iK)0 
29.900 
27.800 
26,600 
26,600 
26.600 
24.500 


Date. 


Gage  I 
height. , 


r 


I  Feet. 

AprilO :  n.20  ' 

April  7 1  10.50  I 

April8 1      9.55 

June  5 2.65] 

Juno  6 '  10.0 


June  7.. 
June  8.. 
June  9.. 
June  10. 
June  11. 
June  12. 
June  13. 
June  14. 
June  15. 
June  16. 
June  17. 


14.2 
18.1 
18.4 
17.7 
16.5 
15.3 
13.8 
12.5 
U.2 
0.9 
8.7 


Discharpr. 
Ser.-jfet. 

ao.Tou 

IR.SJD 
17.400 
4,5* 
18.  "Ol 
31,14>J 
47,ftC- 

49.;«n 

46.100 
40,oHO 
35.425 
29. 5w) 
24.S£0 
20,450 
16.770 
13.930 
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This  stream  rose  rapidly  on  June  6,  and  readied  a  maximum  of  18.4  feet  on  June  9. 
This  flood,  compared  with  that  of  March,  1904,  was  of  shorter  duration,  more  rapid  rise 
and  fall,  and  was  1.3  feet  lower. 

The  lower  part  of  the  city  of  Grand  Rapids  was  flooded.  The  damage  done  was  small, 
compared  with  that  of  the  flood  of  1904,  the  difference  in  this  respect  being  due  largely 
to  the  timely  warning  of  the  height  and  progress  of  the  flood  given  by  the  United  States 
Weather  Bureau. 

The  Muskegon  and  other  sWeams  in  western  Michigan  were  bank  full,  and  in  places 
overflowed  lowlands  and  injured  dams  and  bridges.  Numerous  washouts  occurred  on  the 
railroads  in  western  Michigan.  The  Pere  Marquette  reported  thirty,  some  of  them  200 
feet  long. 

The  streams  in  eastern  Wisconsin,  especially  the  Fond  du  Lac,  were  out  of  their  banks 
as  a  result  of  the  storm  of  June  6.  A  portion  of  Fond  du  Lac  was  flooded.  Some  washouf^ 
were  reported  on  the  Wisconsin  Central  and  Ave  on  the  Chicago  and  Northwestern. 

The  Sheboygan  River  was  out  of  its  banks  at  Sheboygan  Falls,  and  caused  damage  in 
the  low  part  of  the  town,  and  the  Chippewa  River  overflowed  at  Eau  Claire. 


FLOOD  IN  EASTERN  MISSOURI. 

Heavy  rains  in  Missouri  and  southern  Illinois  from  September  15  to  September  19  caused 
the  Missouri  River  from  Boonville  to  Hermann,  Mo.,  to  rise  above  the  danger  line,  and 
some  of  the  smallef  streams  of  Missouri  to  be  in  destructive  flood.  The  flood  was  remark- 
able for  the  time  of  year  of  its  occurrence  and  the  rapidity  of  its  rise.  The  rain  causing 
the  flood  occurred  from  the  15th  to  the  19th,  but  the  larger  part  fell  on  the  17th.  At 
Boonville,  Mo.,  12.98  inches  fell  from  the  15th  to  the  19th.  At  Chester,  111.,  8.06  inches  fell 
in  20.5  hours. 

The  streams  rose  very  rapidly  on  the  17th.  The  following  table  gives  the  daily  gage 
height  of  Meramec  River  at  Meramec,  the  daily  gage  height  and  discharge  of  Meramec 
River  at  Eureka,  Mo.,  and  the  gage  height  of  the  Gasconade  River  at  Arlington,  Mo., 
during  this  flood. 

Flood  flaw  of  Meramec  and  Gasconade  rivers  during  Jlood  of  September ^  1905. 


Date. 


Mcramoc 

liiver, 

Meramec, 

Mo. 


I  Gaacon- 
Mcramec  River,      ade  River 
Eureka,  Mo.         I   Arling- 
ton. Mo. 


September  16 
September  17 
September  18 
September  19 
September  20 
September  21 
September  22 
September  23 
September  24 
September  25 
September  26 


Gago 
height. 

Feel. 
2.7 
7.0 
&2 
7.8 
6.0 
6,6 
5.1 
4.3 
4.2 
3.9 
3.7 


he'Xt.     Discharge.     ,«i^,. 


Feet. 

Sec.'feei. 

4.9 

2,180 

18.4 

23.840 

20.9 

28,930 

24.5 

37,(>40 

29.7 

51.160 

28.5 

48.040 

24.5 

37,040 

U5 

14,040 

7.4 

4,950 

6.6 

4,030 

5.9 

J,  260 

Feet. 
3.95 
13.8 
12.5 
16.5 
I3.fi 
14  0 
10.4 
7.4 
6.3 
5.8 
5.8 
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Gasconade  River  rises  in  the  southeastern  part  of  Missouri,  flows  in  a  general  nonb- 
easterly  direction,  and  empties  into  the  Missouri  River  about  6  miles  west  of  Hermant 
Mo.  It  is  a  very  crooked  stream,  with  little  fall.  The  basin  is  mainly  hilly  or  rollinjr  Uod 
cultivated  or  grass  covered.  The  area  of  this  basin  above  the  gaging  station  at  Ariin^os 
is  2,725  square  miles. 

Meramec  River  rises  in  the  eastern  part  of  Missouri,  flows  in  a  general  north<>&!4«'r.} 
direction,  and  empties  into  the  Mississippi  about  22  miles  below  St.  Louis.  The  draico^ 
basin  is  hilly  or  rolling,  cultivated  or  grass-covered  land,'and  comprises  an  area  of  3.619 
square  miles.    The  area  above  the  gaging  station  at  Eureka  is  3,497  square  miles. 

The  maximum  daily  rate  of  the  Meramec  at  Eureka  during  this  flood  was  51,160  sprond- 
feet,  or  about  14.63  second-feet  per  square  mile. 

During  the  flood  of  January,  1897,  the  Gasconade  at  Arlington  reached  a  stage  of  26.9>1 
feet — that  is,  a  stage  nearly  twice  as  high  as  that  reached  by  it  during  the  flood  of  1905. 

The  following  table  shows  the  daily  gage  heights  at  four  United  States  Weather  Burp^o 
stations — Boonville,  Hermann,  Grafton,  and  St.  Louis — two  on  Missouri  River,  and  tvo 
on  Mississippi  River.  Boonville  is  199  miles  above  the  mouth  of  the  Missouri;  Hermann 
is  103  miles  above  the  mouth;  Grafton  is  on  the  Mississippi  about  21  miles  above  tbf 
mouth  of  the  Missouri,  and  St.  Louis  is  about  the  same  distance  below. 

Stages  of  Missouri  River  during  flood  of  September,  1905. 


Date. 


September  15 
September  16 
September  17 
Septemlwr  18 
Septemter  19 
September  20 
Septeml)er  21 
Septeml)er22 
Sopteml)er23 


Missouri  River. 

UississiF 

Grafton, 
Mo.c 

►pi  RlT«»r. 

Boonville, 
Mo.a 

Hermann, 
Mo.A 

St.  Loais, 
Mo.^ 

Feet. 

Feet. 

Feet. 

Feet, 

8.8 

9.7 

8.2 

ll.-! 

10.6 

11.2 

&2 

11  1 

1A.9 

2a7 

8.8 

12  i 

21.3 

24.3 

11.0 

2X1 

21.6 

25.4 

13.6 

27.1 

22.0 

25.4 

15.6 

26.1 

21.3 

24.6 

16.4 

3a2 

19.5 

23.3 

16.2 

30 : 

17.9 

21.6 

15.2 

s*.: 

"Lowest  recorded  stago,  —0.6  f^t. 
*  Lowest  recorded  stage,  0.0  feet, 
c  Lowest  recorded  stage,  —0.3  feet. 
d  Lowest  recorded  stage,  —2.5  feet. 

Some  lowland  along  Missouri  River  was  flooded  and  crops  were  damaged.  Several  of 
the  smaller  Htroanis  overflowed  their  banks,  washed  away  some  of  the  smaller  bridges. 
and  interfered  with  railway  traffic  for  several  days. 


FLOODS  IN  SOUTH  DAKOTA. 

Freshets  occurred  on  some  of  the  streams  of  South  Dakota  in  June,  July,  and  August. 
The  damage  done  was  confined  mainly  to  the  Teton  or  Bad  River  in  the  vicinity  of  Fort 
Pierce.  Heavy  rain  on  July  2  and  3  caused  this  river  to  overflow  its  banks  in  a  flood  that 
swept  away  17  houses  and  drowned  7  persons.  There  is  no  gaging  station  on  this  stneam 
and  the  United  States  Weather  Bureau  gage  at  Pierce  was  carried  away  by  the  flood,  .so 
that  records  of  river  stage  and  rate  of  flow  are  not  available  for  points  in  the  eaatem  part 
of  the  State.  There  are  several  gaging  stations  in  the  western  part  of  South  Dakota,  how- 
ever, and  data  obtained  there  show  magnitude  of  the  floods  in  that  part  of  the  State. 


SOUTH    DAKOTA. 
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The  following  table  gives  the  gage  heights  during  these  freshets  at  gaging  stations  on  the 
Cheyenne  at  Edgemont,  the  White  at  Interior,  the  Moreau  at  Bixby,  and  the  Grand  at 
Scim,  and  abo  the  daily  rate  of  flow  at  Edgemont: 

Stages  and  flow  of  streams  of  South  Dakota  during  freshets  of  June-Augusty  1905, 


Date. 


Cheyenne  River  at 
Edgemont. 


June  17 

June  18.... 

June  19 

June  20 

July  1 

July  2 

July  3 

July  4 

Julys 

July  19.... 
July  20.... 

July  21 

July  28.-.. 

July  29 

July  30 

July  31.... 
August  5.. 
August  6.. 
.\ugats  7. . 
August  11. 
August  12. 
August  13. 


Gage 
height. a 


Feet. 
5.45 
9.65 
4.4 


Discharge. 


Sec-feet. 
2,752 
9,175 
1,850 


2.7 

9.35 

5.80 


345 
8,665 
3,460 


2.1 

75 

7.7 

6,280 

6.9 

3,595 

6.0 

3,730 

10.7 

10,960 

9.7 

9,260 

6.0 

3,730 

2.95 

562 

7.95 

6,842 

4.0 

1,420 

5.0 

2,440 

8.4 

7,420 

5.8 

3,460 

White 
River  at 
Interior. 

Gage 
height.* 

Feet. 
4.2 
16.0 
6.0 


a  75 
9.20 
13.50 
10.10 
&3 
2.35 
4.05 
2.95 
4.25 
9.50 
7.00 
6.30 
3.35 
3.05 
2.85 
2.15 
5.20 
5. 15 


Moreau 
River  at 
Bixby. 


Gage 
height,  c 


Grand 

River  at 

Seim. 


Gage 
height  .d 


Feet. 
3.0 
6.75 
6.40 
4.8 
1.7 
2.1 
6.1 
5.3 


3.3 

3.1 

2.15 

2.25 

1.9 

1.8 

1.75 

1.5 

1.5 

1.5 

1.4 

1.4 

1.6 


Feet. 


3.6 
4.0 
4.9 
4.6 
2.2 
2.2 
4.0 
3.6 


2.6 
2.8 
2,9 
2.1 
2.6 
2.4 
2.1 
2.1 
2.0 
1.9 
1.8 
1.8 
1.8 


o  Lowest  reading,  1.4. 

*  Lowest  reading.  1.6. 

c  Lowest  reading.  1.0;  discharge,  0. 

d  Lowest  reading,  1.5. 

These  four  streams  drain  the  western  half  of  South  Dakota,  flow  in  a  general  easterly 
direction,  and  empty  into  Missouri  River.  Seim  is  about  90  miles  from  the  western  boun- 
dary of  the  State,  Bixby  72  miles,  Edgemont  11  miles,  and  Interior  100  miles.  The  drain- 
age area  above  Edgemont  is  7,350  square  miles;  above  Bixby,  1,600  square  miles. 

As  the  table  shows,  there  were  six  freshets  on  the  Cheyenne  during  the  year — one  in 
June,  three  in  July,  and  two  in  August,  the  largest  of  the  six  being  the  fourth,  during  which 
the  daily  rate  of  discharge  was  10,960  second-feet,  or  about  1.5  second-feet  per  square  mile 
of  drainage  above  station.  These  floods  were  of  short  duration,  the  high  water  lasting 
only  a  day. 

During  only  three  of  the.se  six  flood  periods  did  the  flow  of  White  River  at  Interior  rise 
more  than  5  feet  above  low  water.  The  flood  of  June  was  the  largest  of  the  three  on  the 
White,  the  stage  on  the  18th  being  about  14.5  feet  above  low  water. 

During  these  flood  periods  the  stage  of  the  two  streams  in  the  northwestern  part  of  the 
State — ^the  Moreau  and  the  Grand — was  less  than  6  feet  above  low-water. 
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FLOOD  IN  SOUTHEASTERN  MINNESOTA. 

He4ivy  rains  in  Minnesota  from  July  3  to  July  6  caused  the  upper  Missiasippi  t4)  rp«rh  a 
stage  of  14.8  feet  at  St.  Paul,  Minn.,  the  highest  since  1897.     The  flood  of  April.  Inn 
reached  a  stage  of  19.7  feet. 

The  following  table  gives  the  daily  gage  heights  of  the  Mississippi  River  at  Sauk  Kjipi<i>. 
Minn.,  during  the  freshet;  also  the  gage  height  and  rate  of  flow  of  two  of  the  tributftn*^. 
the  Minnesota,  which  enters  from  the  west  at  St.  Paul,  and  the  Chippewa,  which  enle> 
from  the  north  70  miles  below  St.  Paul: 


Flow  of  upper  Mississippi  River  and  tributaries  during  iKtfreskei  <fJuly,  liM)o. 


Date. 


Julys.. 
July  ft. 
July?.. 
July  a. 
July  9.. 
July  10. 
July  11. 
.  July  12. 


Chippewa  River  at 
Eau  Claire,  Wis.a 


Ga«o 
height. 

Feet. 
6.9 
10.4 
10.6 
11.3 
10.1 
7.0 
8.1 
6.9 


Minnesota  River  at 
Mankato.  Minn.^ 




— 

- 

Discharge. 

Ga«B 
height. 

Dischai^. 
Sec-feet 

Sec-feet. 

Feet. 

8,300 

9.4 

9,400 

18,960 

10.6 

11,310 

19,640 

11.7 

13,070 

22,050 

12.2 

13,870 

17,940 

12.6 

14,350 

8,650 

12.0 

13,558 

11,740 

11.8 

13,230 

8,390 

11.2 

12,270 

Missi<5i;;; 
Riv« ' »: 

Rapi'i-  ■• 

h<'ip-.l. 
Fert. 

3  . 

311 


«  Lowest  stage  during  1905,  4.1  feet;  discharge,  2,010  second-[cet. 
b  Lowest  stage  during  1905,  1.80  feet;  discharge,  750  second-feet. 
c  Lowest  stage  during  1906,  11.25  feet. 

The  Chippewa  at  Eau  Claire  reached  a  stage  of  19.6  feet  and  a  discbarge  of  60,520  secoDd- 
feet  on  June  8,  1905,  and  the  Minnesota  at  Mankato,  Minn.,  reached  a  stage  of  19.6  feet  ol 
May  29, 1903,  so  that  the  greatest  stage  reached  by  the  flood  of  July,  1905,  on  these  stream! 
was  far  below  the  highest  recorded  stages  at  these  places. 

FLOOD  ON  DEVILS  CREEK,  IOWA. 

By  E.  C.  Murphy  and  F.  W.  Hanna. 

INTRODUCTION. 

Lee  County,  in  southeastern  Iowa,  and  Hancock  County,  in  western  Illinois,  whi«h 
borders  Lee  County  on  the  east,  were  visited  by  a  very  heavy  rain  storm  during  the  nijif't 
of  June  9,  1905.  As  a  result  of  this  storm  the  streams  in  these  counties  rose  to  extraordi- 
nary heights,  causing  great  damage  to  property.  Railroads,  highways,  and  bridges  vert- 
severely  injured,  stream  beds  and  banks  were  badly  scoured  in  many  places,  and  d^bri> 
was  transported  and  deposited  throughout  the  creek  valleys,  destroying  crops  and  damaging: 
many  acres  of  valuable  land. 

The  data  on  which  this  report  is  based  were  obtained  by  investigating  the  condilioos  on 
the  ground  about  one  month  after  the  flood,  through  lacilities  afforded  by  the  courK^sv  oi 
the  engineers  of  the  Santa  Fe  Railway.  Owing  to  the  lapse  of  time  between  the  st^rm  acd 
the  examination  oi  its  results  the  information  obtained  is  necessarily  mcompiete. 

The  area  affected  by  this  storm  is  in  the  central  Mississippi  drainage  basfn.  Devil' 
Creek,  the  stream  on  which  most  of  the  damage  was  done,  drains  directly  into  the  Misi^K^- 
sippi  a  few  miles  l)eIow  Fort  Madison,  Iowa,  it  rises  in  Marion  and  Cedar  townships  «n«^ 
flows  in  a  general  southeasterly  direction  lor  about  20  miles.     Panther  Creek,  the  larp^i 


iowa:  devils  cbkek. 
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western  tribuLar)'  of  Devils  Creek,  rises  in  the  southern  part  of  Franklin  township,  flows 
in  a  general  southeasterly  direction  about  8  miles,  and  joins  the  main  stream  about  3  miles 
ibove  its  mouth.  It  drains  an  area  of  14  square  miles.  The  principal  tributary  of  Devils 
;^reek  is  Little  Devils  Creek,  which  enters  it  about  1  mile  lx»low  the  junction  of  Devils  and 
Panther  creeks.  It  is  7  miles  long  and  drains  an  area  of  19  square  miles.  The  drainage 
irea  of  Devils  Creek  and  that  of  the  lower  part  of  each  of  these  two  tributaries  consists  of 
dluvial,  sandy  soil  that  erodes  readily.     The  upper  drainage  area  is  covered  with  heavy 


Fig.  5. —Map  of  drainage  bastn  of  Devils  Creek.  Iowa. 

:iay  soil.  There  is  little  timber  in  the  basin  except  narrow  strips  in  places  along  the  creeks. 
The  total  dramage  area  of  Devils  Creek  and  its  branch&s  at  its  mouth  is  about  145  square 
miles,  while  that  at  the  Santa  Fe  Railway  bridge  is  about  143  square  miles. 


l»RKCIPITATION. 

The  storm  causing  the  damage  here  discussed  is  described  in  the  June  issue  of  the  Monthly 
Review  of  the  Iowa  Weather  and  Crop  Service,  as  follows. 

On  me  aliernoon  and  night  ot  June  9  and  morning  of  tbc  10th  copious  stiowcra  vfsited  all  districts, 
ind  in  M  consideraDiR  portion  ol  tno  .HOUihea>t  and  oast-centnil  disliict.i  ibc  downpour  can  only  be 
de.'M^ribed  by  the  lenu  "torreodai."    Tho  heavicist  amouncs  reported  at  stations  in  the  submerged 
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section  were  as  follows:  Bonaparte,  12.10  inches;  Keosaaqua,  11.09;  Stockport,  10.63  (thn«tcooperaur-^ 
stations  in  Van  Buren  County);  Mount  Pleasant,  7.20;  Burlington,  6.10;  Fort  Madison.  6.40;  KwkL 
4.80;  Chariton,  4.22;  Albia,  3.44;  Iowa  City,  4.87;  Amana,  3.65;  Davenport,  5.67;  Wilton,  4.17;  1/ 
Claire,  4.41  Inches.  The  larger  part  of  this  heavy  precipitation  fell  in  the  twelve  hours  from  &dOp.  r 
of  the  0th  to  8.30  a.  m.  of  the  10th,  and  in  Bonaparte  the  average  downx)our  was  about  an  inch  an  be  it 
The  result  of  such  a  shower  may  be  imagined  but  can  not  l>e  fully  described  in  detail.  Not  many  bcili- 
ings  were  sufficiently  well  roofed  to  keep  the  occupants  dry,  and  but  few^  streams  and  water  coq>h 
were  adequate  to  carry  off  the  surplus  moisture.  Those  who  were  driven  into  the  wet  say  it  camedfit: 
in  sheets  and  hit  so  hard  It  was  difficult  to  stand,  though  there  was  no  wind.  One  of  the  V&n  Burt 
County  rei)orters  states  that  85  county  bridges  were  swept  away.  The  aggre^to  damage  tocrop«  ; 
erosion  of  soil  on  slopes  and  flooding  the  bottoms  was  altogether  beyond  estimation  in  all  the  aretn  st<^;'. 
over  by  that  unprecedented  storm.    IlappUy  such  storms  are  not  usual  visitations. 

The  following  table,  prepared  from  data  furnished  by  the  United  States  Weather  Buretu. 
shows  the  depth  of  rainfall  in  inches  at  several  surrounding  places  in  Iowa  and  Illinois: 

Precipitation  ai  pinces  in  southeastern  Iowa,  June  9,  10 ^  and  during  June,  1906,  in  ifukfi 


Place. 


Davenport,  Iowa 
Dubuque,  Iowa. . 

Hannibal,  Mo 

Keokuk,  Iowa 

Lallarpe,  111 


JuneO. 

Juno  10. 

1 

3.93 

1.69 ; 

1.20 

.38 

.17 

1.95 

2.18 

2.62 

.00 

10.25 

1 

Jua. 


i;: 


THE  FLOOD. 

Devils  Creek  at  the  Santa  Fe  Railway  bridge  began  to  rise  about  10  p.  m.  and  continuw! 
to  rise  gradually  until  about  12.30  a.  m.,  when,  according  to  the  report  of  the  bridge  watt- 
man,  it  rose  about  4  feet  in  fifteen  minutes.  The  bridge  and  about  150  feet  of  the  rigt' 
embankment  went  out  about  4  a.  m.,  when  the  water  reached  its  maximum  height,  177 
feet  above  low  water.  This  bridge  was  a  Pratt  truss  bridge  of  149-foot  span,  resting  t: 
masonry  piers,  with  54  feet  of  pile  approach  on  the  right  side  and  109  feet  on  the  left.  F^ 
6  shows  a  plan  of  this  stream  in  the  vicinity  of  the  bridge;  also  a  cross  section  and  protV 
taken  June  24,  1905,  fourteen  days  after  the  flood.  The  waterway  below  the  hi^-wsu* 
line  of  June  10  had  an  area  of  4,320  square  feet  before  the  flood  and  about  13,000  squft.'<( 
feet  after  the  flood.  Thus  it  seems  that  the  scouring  effect  at  this  bridge  increased  tht 
waterway  to  three  times  its  original  size. 

Th6  daily  gage  heights  and  corresponding  discharges  at  the  United  States  Geokigirf. 
Survey  gaging  station  on  Des  Moines  River  at  Keosauqua,  Iowa,  from  June  9  to  14,  inclusirf 
were  as  follows: 


Ga>ge  heights  and  discharge  of  Des  Moines  Rii^er  at  Keosauqua,  Iowa,  June  9-U. 


Date. 

height. 

Dl9Pharp 

June  9 

4.0 
22.8 
14.4 
10  6 
fLl 
5.6 

Sec.t'er 

June  10 

73."" 

June  11 

44' 

June  12 

3G/ 

June  13 

21.  ♦» 

June  14.   .. 

13  :■ 
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The  table  shows  that  the  river  at  Eeosauqua  station  rose  from  4  feet  on  the  9th  to  22^ 
feet  on  the  10th,  a  total  rise  of  18.8  feet.  Des  Moines  River  at  Des  Momes  rose  on  the  10th 
about  1  foot.  Iowa  River  at  Iowa  .City  rose  from  22  to  7.7  feet  on  the  lOUi.  Hieie  was 
no  rise  on  the  10th  either  in  Cedar  River  at  Cedar  Rapids,  Iowa,  or  in  Rock  River  at  Ster- 
ling, lU.  Skunk  River  is  reported  to  have  been  very  high,  but  there  is  no  record  of  the 
amount  of  rise.  Mississippi  River  at  Fort  Madison,  Iowa,  rose  from  8  feet  on  the  evening 
of  the  9th  to  11  feet  on  the  morning  of  the  10th.  The  gage  on  the  l^Gssissippi  River  at 
Keokuk,  Iowa,  read  18.4  feet  at  2  p.  m.  on  the  10th.  The  maximum  stage  here  in  1888 
was  19.95  feet,  the  maximum  in  1903  was  19.6  feet,  and  the  maTrimum  during  the  great 
flood  of  1851  was  21.05  feet. 

The  high-water  marks  on  Devils  Creek  show  that  the  hei^t  of  the  flood  and  the  flow 
were  much  greater  on  this  creek  than  on  either  Panther  or  Little  Devils  Oeek.  Tlie  max- 
imum rate  of  flow  of  this  stream  during  this  flood  is  very  difficult  to  compute  because  it 
overflowed  its  banks  and  was  from  a  quarter  to  a  half  a  mile  in  width,  except  at  some  of 
the  bridges.  At  the  Santa  Fe  bridge  Devils  Creek  was  ultimately  about  470  feet  wide, 
but  the  stream  bed  was  so  much  scoured  that  the  cross  section  affords  no  basis  for  detei^ 
mining  the  size  of  the  stream  when  the  flow  was  at  its  maximum.  Mr.  Gray,  the  Santa  Fe 
engineer  in  charge  of  the  construction  work  at  this  bridge  at  the  time  of  the  flood, 
believes  that  the  stream  bed,  which  is  of  sand,  scoured  down  to  the  clay  previous  to  the 
time  the  bridge  failed.  The  high-water  marks  above  and  below  this  bridge  indicate  a 
slope  of  0.0025.  The  coefficient  of  roughness  has  been  assumed  to  be  0.050.  This  hi^ 
coefficient  of  roughness  is  necessary,  owing  to  the  many  obstructions  in  the  stream  at  the 
bridge.  The  channel  is  extremely  crooked  and  the  banks  are  covered  with  trees  inmie- 
diately  above  the  bridge.  The  amount  of  pier  and  piling  at  the  bridge  was  great,  there 
being,  in  addition  to  the  two  piers  on  which  the  iron  truss  was  supported,  54  feet  of  pile 
approach  on  one  side  and  109  feet  on  the  other.a  Undoubtedly  immense  amounts  of  drift 
were  collected  in  and  about  these  piers  and  piles.  In  addition  to  this  there  must  be  taken 
into  consideration  the  effect  of  constriction  of  channel,  for  the  stream  immediately 
above  the  bridge  was  two  or  three  times  as  wide  as  at  the  bridge.  The  hydraulic  mean 
depth  has  been  roughly  computed  from  the  maximum  area  to  be  27.3  feet.  From  these 
data  and  the  use  of  Kutter's  formula,  c  being  56,  v  is  found  to  be  14.6  feet  per  second;  and 
the  maximum  rate  of  discharge  is  approximately  189,800  second-feet  computed  from  the 
maximum  cross-section  area.  Inasmuch  as  the  drainage  area  of  Devils  Creek  at  the  Santa 
Fe  bridge  is  143  square  miles,  this  gives  an  approximate  maximum  run-off  of  1,900  second- 
feet  per  square  mile. 

In  order  to  verify  this  computation,  an  attempt  has  been  made  to  compute,  by  means 
of  Kutter's  formula,  the  flow  of  the  tributaries  of  Devils  Creek.  Considerable  care  has 
been  exercised  in  selecting  the  proper  coefficients  of  roughness  and  although  at  first  thej 
may  seem  somewhat  large,  yet  an  investigation  of  the  conditions  at  the  cross  sections  will 
show  that  they  are  proper.  From  data  obtained  at  the  Chicago,  Burlington  and  Quincy 
Railway  crossing  on  Devils  Creek  the  maximum  rate  of  discharge  was  found  to  be  161,600 
second-feet,  with  a  slope  of  0.005  and  a  coefficient  of  roughness  of  0.050;  that  at  the  crossing 
on  the  same  line  on  Little  Devils  Creek  was  found  to  be  10,700  second-feet,  with  a  slope  of 
0.002  and  a  coefficient  of  roughness  of  0.040;  and  the  maximum  rate  of  dischaiige  at  the 
crossing  of  the  Chicago,  Burlington  and  Quincy  Railway  bridge  on  Panther  Creek  was  found 
to  be  7,300  second-feet,  with  a  slope  of  0.0028  and  a  coefficient  of  roughness  of  0.038.  The 
sum  of  these  discharges  is  179,000  second-feet.  The  drainage  area  of  Devils  Creek  at  the 
Santa  Fe  bridge  exceeds  the  sum  of  the  areas  represented  by  the  three  points  selected  by 
about  2  square  miles.  Adding  for  this  excess  drainiage  area  1,300  second-feet  per  square 
mile  to  the  discharge  found  by  the  summation  of  the  partial  dischaiges,  there  would  be  at 
the  Santa  Fe  bridge  over  Devils  Creek  a  discharge  of  182,000  second-feet,  which  differs  from 
the  original  computation  by  about  4  per  cent. 


a  See  Ganguillet  and  Kutter,  flow  of  water,  Theiss  below  Szolnok,  Class  B,  Division  VIII. 
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It  has  been  noted  that  the  run-off  per  square  mile  on  the  drainage  area  of  Devik  Creek 
at  the  Santa  Fe  bridge  is  about  1,300  second-feet.  Like  computations  show  that  the  run-off 
per  square  mile  is  about  1,500  second-feet,  560  second-feet,  and  520  second-feet  for  Deyils 
Creek,  Little  Devils  Creek  and  Panther  Creek,  respectively,  at  points  near  Viele.  This 
clearly  indicates  that  the  flood  was  concentrated  in  the  main  Devils  Creek  Valley. 

These  maximum  rates  of  flow  are  greatly  in  excess  of  any  that  have  been  published  for 
streams  in  the  United  States,  and  although  the  data  were  obtained  with  care  they  may  be 
in  error  by  a  large  amount.  There  was  no  engineer  on  the  ground  during  this  flood  from 
whom  definite  information  could  be  obtained  as  to  what  happened  at  each  measured  section 
at  the  time  of  maximum  flow.  Drift  undoubtedly  lodged  in  front  of  the  Santa  Fe  Railway 
bridge  and  abutments,  making  a  difference  in  elevation  of  the  water  surface  above  and 
below  the  bridge,  and  consequently  a  greater  surface  slope  than  the  stream  would  show 
during  times  of  free  flow.  Again,  it  is  impossible  to  state  with  certainty  the  rate  of  scour 
of  the  bed  and  banks.  The  computed  rate  of  flow  is  based  on  the  area  obtained  from  sound- 
ings taken  on  June  24,  fourteen  days  after  the  flood.  This  area  is  three  times  larger  than 
the  area  at  this  place  just  prior  to  the  flood. 

Tlie  behavior  of  Devils  Creek  at  the  bend  (fig.  6),  1.5  miles  above  Viele,  well  illustrates 
the  change  of  velocity  in  the  channel  around  a  bend  when  overflow  takes  place  across  the 
bend.  This  stream  makes  a  sharp  bend  about  1,000  feet  above  the  Chicago,  Burlington 
and  Quincy  Railway  bridge  and  flows  nearly  parallel  with  the  raUway.  The  overflow  cut 
across  this  bend  and  entered  the  channel  below  with  a  velocity  which  was  greater  than  that 
in  the  channel  because  of  the  same  fall  in  a  shorter  distance.  The  entry  of  this  overflow 
produced  backwater  in  the  channel  above,  reducing  the  velocity  almost  to  zero.  The 
overflow  across  the  bend  carried 'a  steel  bridge  over  the  railway  embankment,  washed 
away  the  track,  and  eroded  the  embankment  to  a  depth  of  lO  feet,  but  although  the  water 
was  3  feet  deep  on  the  railway  bridge,  the  bridge  was  not  damaged. 

DAMAGE. 

The  damage  done  was  very  large  considering  the  small  area  covered  by  the  storm.  In 
addition  to  the  damage  done  at  the  Santa  Fe  Railway  bridge  No.  342,  already  mentioned, 
the  Chicago,  Burlington  and  Quincy  Railway  bridge  over  Devils  Creek  at  Viele  was  swept 
away,  with  375  feet  of  the  right  approach,  and  the  abutments  of  the  railway  bridges  over 
Little  Devils  and  Painter  creeks  near  Viele  were  badly  damaged  and  900  feet  of  embankment 
washed  away.  Besides  these,  14  county  bridges  over  Devils  Creek  in  Lee  County,  varying 
in  length  from  70  to  127  fedt ;  6  bridges  over  the  branches  of  Devils  Creek,  of  lengths  ranging 
from  30  to  156  feet;  4  bridges  over  Little  Devils  Creek,  of  lengths  ranging  from  110  to  136 
feet;  and  3  bridges  over  Panther  Creek,  of  lengths  ranging  from  90  to  156  feet,  were  either 
swept  away  or  damaged.  The  cost  of  replacing  these  county  bridges  was  estimated  at 
$27/XX)  by  M.  £.  Bannon,  bridge  engineer,  Lee  County,  Iowa.  Many  small  bridges  in  this 
county  were  also  swept  away,  and  several  miles  of  road  and  several  acres  of  land  were  badly 
damaged  by  scour  or  by  deposit  of  sand  and  debris  upon  it. 

INFERENCES  FROM  FLOOD. 

The  general  inference  to  be  drawn  from  the  effects  of  the  high  water  on  bridges  thtou^out 
Devils  Creek  Valley  is  that  all  the  waterways  were  by  far  too  small.  The  waterways  on  the 
main  stream  were  not  more  than  one-third  the  saze  required  to  carry  with  safety  the  inmiense 
volume  of  water  flowing  at  the  time  of  the  maximum  stage.  However,  that  it  would  not  be 
economical  and,  therefore,  not  good  engineering  practice,  to  attempt  to  provide  waterways 
sufficient  for  such  extraordinary  floods  as  that  of  June  10, 1 905,  is  certain.  The  long  lapse  of 
time  between  storms  of  such  abnorm^  proportions  as  the  one  here  described  makes  the  inter- 
est on  the  invested  capital  of  the  structure  exceed  several  times  the  cost  of  replacement. 
The  most  economical  bridge  is  one  whose  waterway  is  based  on  a  careful  study  of  the  fre- 
quency and  intensity  of  storms  and  the  corresponding  run-offs  with  a  view  to  balancing 
interest  on  the  first  copt  against  cost  of  replacement,  loss  of  traffic,  etc.,  due  to  washouts. 
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Such  engineering  study  is  unfortunately  hindered  by  lack  of  comprehensive  data  conoerniDg 
rainfall.  The  washout  experience  of  the  railroads  at  their  crossings  on  Devils  Greek  should 
result  in  enlai^ments  of  their  waterways.  That  the  new  waterways  need  not  be  as  larjp  as 
the  openings  made  by  the  flood,  and  that  they  should  be  lai^r  than  they  were  before  the 
flood  are  equally  without  doubt. 

The  following  table,  taken  from  Table  VI,  Bulletin  C,  of  the  Weather  Bureau,  shows  maxi- 
mum rates  of  rainfall  at  points  surrounding  Lee  County  for  periods  prior  to  and  includiDg 
1891. 

Maximum  rainfall  at  certain  points  in  Mississippi  River  basin. 


Location  of  station. 


Dubuque,  Iowa 

Keokuk,  Iowa ■ 

Omaha,  Nebr 

St.  Louis,  Mo ' 

Cairo,  111 ' 

St.  Paul,  Minn 

Indianapolis,  Ind I 


Periotl. 

Maximum 
in  72  hours. 

Maximum 
in  48  hours. 

Maximam 
in  24  hours. 

Years. 

Inches. 

Inches. 

Inches. 

32 

5.8 

5.4 

4.5 

20 

5.5 

5.3 

4.R 

22 

5.5 

5.4 

5.0 

52 

6.7 

6.7 

4.5 

20 

5.7 

5.2 

42 

22 

5.1 

4.6 

17 

22 

6.4 

6.0 

13 

This  table  indicates  that  a  rainfall  of  about  5  inches  in  twenty-four  hours  may  be  expected 
to  occur  at  least  as  often  as  once  in  twenty  years.  It  would  therefore,  seem  wise  to  provide 
waterways  for  such  storms  as  far  as  possible.  It  is  a  matter  of  record,  as  shown  by  the  table 
below,  that  the  major  portion  of  the  precipitation  in  these  cases  occurs  in  a  few  hours,  and 
is  not  equally  distributed  throughout  the  twenty-four-hour  period.  It  is  also  a  well-known 
fact  that  as  a  rule  these  great  rainstorms  are  local. 

Heavy  precipitation  in  upper  Mississippi  VaUey. 


Placp. 


Pate. 


^i^^:      "n». 


Bright,  Ind 

Kansas  City,  Mo.. 

Omaha.  Nebr 

Wheatland,  Mo... 

Oberlin,  Kans 

Dresden,  Kane 

Shelbyville,  Ind... 

Avalon,  Mo 

Englewood,  Kans. 

Vevay,  Ind 

Tilden,  111 

Campbell,  Kans... 

Hannibal,  Mo 

St.  Louis,  Mo 


Columbia,  Mo I  October  28,  1900 


September  23, 1898 

August  17,  1888 

July  6,  1808 

July  29, 1898 

July  6, 1898 

Julys,  1898 

July  26,  1898. : 

June  26, 1898 

June  14, 1898 

June  9,  1898 

June  16, 1898 

April  30,  1898 

March  26-27.  1889 

March  18,  1898 


St.  Paul,  Minn... 
Kansas  City,  Mo. 
Omaha,  Nebr.... 
Evansville,  Ind.. 
St.  Paul,  Minn... 

Columbia,  Mo 

Kansas  City,  Mo. 
Kansas  City,  Mo . 


September  11, 1900.... 
September  27, 1900.... 

June  16, 1900 

June  14  and  15, 190a.. 

August  9,  1902 

August  18,  1902 

July  1,  1902 

August  13,  1903 


Iw  hr*. 
2.00 
L97 
a98 
2.54 
3.» 
2.63 
2.33 
3i00 
2.30 
3.00 
2.05 
3.00 
2.90 
1.52 
L92 
1.39 
1.33 
2.19 
L36 
a04 
2.04 
3.37 
1.35 


h.n, 

2 

2 

I    53 

2 

2 

2 

2 

2 
2 
2 
2 
2 
2 

1  20 
1  30 
1  30 
1  30 
1  30 
1  30 
1    30 

I  ao 

1  30 
2 
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Let  it  be  assumed,  for  streams  with  small  drainage  areas,  that  60  per  cent  of  the  twenty- 
four-hour  rainfall  occurs  in  two  hours;  that  it  takes  two  hours  for  the  storm  water  from  the 
remotest  part  of  the  drainage  area  to  reach  a  given  point,  and  that  the  proportion  of  run-off 
is  70  per  cent,  for  the  per  cent  of  run-off  is  often  very  lai^  during  heavy  rains,  as  the  ground 
is  likely  to  be  already  thoroughly  saturated.  The  amount  of  water  reckoned  in  second-feet 
arriving  at  the  lower  end  of  this  drainage  area  at  the  end  of  a  two-hour  period  would  be  the 
total  precipitation  in  cubic  feet  on  that  area  for  one  second.  Now,  if  F  equals  the  number 
of  square  feet  in  a  square  mile;  if,  the  member  of  square  miles  in  the  drainage  area;  P,  the 
precipitation  in  feet  for  two  hours;  R^  the  percentage  of  run-off;  T,  the  number  of  seconds 
in  two  hours,  and  Q,  the  maximum  drainage  area  run-off;  then, 

ry_FMPR 

^         ~T       ' 
By  substitution, 

3 
Q^5280xp280x  12X  .70jr_g-^  ^ 
^     "  2X60X60 

That  is,  there  would  be  678  second-feet  per  square  mile  to  provide  for.  Evidently  the  rate  of 
precipitation  to  be  used  should  be  the  maximum  occurring  in  the  time  required  for  the 
remotest  waters  to  reach  the  point  considered. 

FLOOD   IN    DBS   MOINES   COUNTY,  IOWA. 

On  the  night  of  August  15, 1808,  a  storm  of  great  intensity  occurred  in  Des  Moines  CJounty, 
Iowa,  a  This  storm  and  the  damage  done  by  it  are  discussed  by  Maurice  Ricker  in  a  paper 
entitled  "The  August  Cloudburst  in  Iowa,"  read  before  the  Iowa  Academy  of  Sciences, 
December  28, 1888.  This  storm  was  confined  to  about  two-thirds  of  Des  Moines  Ounty, 
or  an  area  of  about  250  square  miles.  Unfortunately  there  were  no  rain  gages  in  this 
area,  but  Mr.  Ricker  claims  that  reliable  measurements  of  the  depth  of  water  in  empty  cans 
in  exposed  places  indicate  that  over  an  area  of  about  50  square  miles  the  precipitation  was 
about  16  inches. 

Twenty-three  county  bridges  were  swept  away  by  this  flood,  and  the  Burlington,  Cedar 
Rapids  and  Northern  Railway  lost  5  bridges  and  2  miles  of  track  by  it. 

FLOOD   ON    PURGATORY    RIVER,  COLORADO. 

From  April  22  to  24, 1905, 2.5  inches  of  rain  and  snow  fell  at  Trinidid,  Colo.,  and  a  greater 
depth  on  the  mountains,  causing  a  freshet  in  Purgatory  River  for  several  days.  The  stream 
has  a  fall  of  42  feet  per  mile  in  the  vicinity  of  Trinidad,  and  the  sandy  loam  banks,  softened 
by  the  rains,  disappeared  rapidly  into  the  river.  Many  acres  of  fertile  bottom  land  and 
thousands  of  feet  of  railway  were  swept  away.  The  stream  in  places  shifted  its  channel 
from  one  side  of  the  valley  to  the  other,  necessitating  the  moving  of  some  of  the  bridges. 

PI.  I  is  a  view  of  the  river  above  Trinidad.  On  the  right  is  a  bridge,  under  which  the  river 
passed  before  the  flood  of  September,  1904.  The  road  and  the  right  bank  for  several  hun- 
dred feet  were  washed  away.  The  railroads  passing  through  Trinidad  suffered  heavily  from 
these  floods.  All  the  trains  on  the  Atchison,  Topeka  and  Santa  Fe  Railway  from  Kansas 
City  to  the  Southwest  were  delayed  for  several  days.  Lai^  gangs  of  men  were  kept  con- 
stantly at  work  repairing  and  rebuilding  track  washed  out  by  the  high  water.  About  2,000 
feet  of  the  pipe  line  that  supplies  the  city  of  Trinidad  with  water  were  washed  out,  and  the 
city  was  left  without  drinking  water  for  several  days. 


o  Monthly  Review  of  the  Iowa  Weather  and  Crop  Service,  December,  1808. 
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The  following  table  gires  the  gage  heights  and  daily  rate  of  flow  of  this  stream  at  the 
gaging  station  near  Barela,  Colo.,  30  miles  below  Trinidad  and  about  one-eigfath  of  a  mik 
below  the  canyon  entrance: 

Flood  Jlow  of  Purgatory  River  at  entrance  ofcanyorit  Barela,  Colo.,  April  23  to  May  5,  iSf^. 


Dat«. 


April  23 

April  24 

April  24 

April  24 

April  24 

A^rU24 12.00 

Aprll25 

April  25 

April  26 

April  25 

April  25 

April  26 

April  28 

April  26 

April  26 

April  26 

April  27 

April  27 

April  27 

April  27 

April  27 

April  27 

April  28 

April  29 

April  30 

May  I 

May2 

May  3 

May  4 

May5 


Hour. 
a.m. 

Gage 
height. 

Hour. 

he£?t. 

Mean 
Feet. 

Dis- 

charp'. 

Feet. 

p.m. 

Feet. 

Sec.-feti, 

&45 

4.90 
8.60 

4.90 

2^-1 

8.00 

1.00 

8.00 

9.00 

8.40 

2.00 

7.90 

10.00 

8.20 

aoo 

7.80 

8.08 

1.52S 

11.00 

8.10 

4.00 

7.75 

12.00 

8.10 

5.00 

7.70 

8.45 

7.35 

1.45 

7.60 

9.45 

7.35 

2.45 

7.90 

ia45 

7.35 

3.45 

&40 

7.96 

1.4SI 

11.45 

7.40 

4.45 

9.30 

12.45 

7.46 

5.45 

9.50 

8.00 

9.80 

1.00 

9.70 

9.00 

9.80 

2.00 

9.65 

10.00 

9.80 

3.00 

9.60 

9.72 

2.CT 

11.00 

9.75 

4.00 

9.65 

12.00 

9.70 

5.00 

9.65 

7.^ 

11.50 

1.00 

10.10 

8.30 

11.30 

2.00 

10.00 

9.30 

11.10 

aoo 

laio 

11.01 

3.^ 

10.30 

10.75 

4.00 

10.50 

11.00 

10.50 

5.00 

ia90 

12.00 

10.40 
10.80 

8.00 

5.00 

9.90 

ia3S 

3.1« 

8.00 

8.90 

5.30 

&30 

8.60 

l.SW 

7.15 

7.90 

5.00 

7.50 

7.70 

1.3DB 

8.30 

7.70 

5.00 

7.30 

7.50 

1,1« 

8.30 

7.30 

7.30 

l.«6 

8.00 
8.00 
8.00 

6.80 
6.40 
5.80 

6u80 
6.40 
5.85 

»Z 

e^j 

4.00 

5.90 

455 

It  is  seen  that  the  largest  recorded  gage  height  was  11. SO  feet,  on  the  morning  of  the  27th. 
The  gage  reader  reports  that  on  the  night  of  the  26th  the  water  reached  the  15-foot  maris 
on  the  gage.    The  discharge  for  a  15-foot  stage  is  upward  of  7,700  seoond-feet. 

FLOOD  ON  PECOS  RIVER,  NEW  MEXICO-TEXAS. 

During  the  latter  part  of  July  a  flood  occurred  on  the  Pecos  River  that  approached 
closely  in  magnitude  the  great  flood  of  September  and  October,  1904,  in  that  part  of  the 
stream  from  Carlsbad,  N.  Mex.,  to  Pecos,  Tex.  The  flood  did  much  damage  to  bridges  and 
irrigation  works. 

Pecos  River  rises  in  the  northern  part  of  New  Mexico,  flows  in  a  southerly  and  south- 
easterly direction  a  distance  of  550  miles,  and  empties  into  the  Rio  Grande  near  Langtry. 
Tex. 

The  following  table  gives  the  daily  gage  height  at  Santa  Rosa  and  Roswell  and  the  daily 
gage  height  and  corresponding  discharge  at  Carlsbad  and  Pecos,  Tex.,  during  the  flood. 


1 

1                J 
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Daily  rate  offov)  of  Pecos  River  during  floods  of  1906. 


Date. 


I      SanU 
Rosa, 
N.  Mex. 


July  20... 
July  21... 
July  22... 
July  23... 
July  24... 
July  25... 
.July  26... 
July  27... 
July  28... 
July  29... 
July  30... 
July  31... 
August  1. 
August  2. 


Qage 
eight.a 


heigl 


Feet. 
0.7 

ao 

2.5 
1.5 
1.5 
1.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


Roswell, 
N.  Mex. 


Carlsbad,  N.  Mex. 


Pecos,  Tex. 


Gage 
eight.b 


heigl 


Feet. 
3.3 

ao 
ao 

10.0 
6.0 
6.7 
5.6 
4.3 

as 
a4 
a4 
a4  I 


Gage 
ght.f 


heigl 


Feet. 
0.09 
1.48 
1.54 
2.77 
a  67 

«14.30 
12.42 
10.00 
7.00 
5.35 
4.50 
4.15 


Discharge.'     «|gf,  I  Discharge. 


Sec-feet. 

206 

476 

,  518 

1,504 

18,620 

47,600 

37,500 

25,000 

11,300 

5,685 

3,750 

3,140 


I 


I 


Feet. 
0.9 
0.0 
0.9 
1.0 
4.9 
7.2 
9.4 

ia7 

18.3 
17.2 

ia2 

10.7 
7.6 
0.2 


Sec-feet. 

140 

140 

140 

150 

1,600 

6,380 

8,450 

16,100 

25,500 

22,650 

15,200 

9,750 

6,800 

4,170 


a  Maximum  stage  during  flood  of  October,  1904,  23  feet. 

h  Maximum  stage  during  flood  of  October,  1904,  16.5  feet. 

e  Maximum  stage  during  flood  of  October.  1904, 15+ feet. 

'Maximum  stage  during  flood  of  October,  1904, 19  feet. 

<  Gage  height  at  10  a.  m.,  15<85  feet;  discharge,  54,930  second-feet. 

It  is  seen  that  the  stream  above  Santa  Rosa  was  not  in  flood  at  this  time,  as  the  gage  did 
not  read  above  2.5  feet,  not  within  21  feet  of  the  gage  reading  of  September  30, 1004.  At 
Roswell  the  maximum  stage  was  7  feet;  it  was  16.5  feet  on  October  1,  1905.  The  maxi- 
mum stage  at  Carlsbad  occurred  on  July  25,  and  was  at  least  1.4  less  than  in  October,  1904. 
At  Pecos,  Tex.,  the  highest  stage  was  reached  on  July  28,  and  was  about  a  foot  less  than 
the  highest  stage  in  October,  1904.  The  Pecos  did  not  begin  to  rise  at  the  mouth  until 
July  30.  It  rose  slowly  from  a  stage  of  1.7  feet  and  a  rate  of  flow  of  670  second-feet  on 
July  29  to  a  stage  of  5.6  feet  and  a  rate  of  flow  of  5,530  second-feet  on  August  12. 

The  total  run-off  of  the  Pecos  at  Carlsbad,  N.  Mex.,  for  the  nine  days,  July  23-31,  of  this 
flood  was  305,600  acr&-feet. 

By  comparing  the  gage  heights  and  corresponding  rates  of  flow  given  in  the  table  above 
with  those  prevailing  during  the  flood  of  September  and  October,  1904,  a  it  will  be  seen  that 
the  flood  of  1905  was  much  smaller  than  the  flood  of  1904  above  Carlsbad  and  almost  dis- 
appeared above  Santa  Rosa.  In  the  vicinity  of  Pecos,  Tex.,  the  flood  of  1905  almost 
equaled  in  magnitude  that  of  1904,  but  was  of  shorter  duration.  The  stage  was  9  feot  or 
more  for  twelve  days  in  1904  and  only  six  days  in  1905. 


a  See  Water-Supply  and  Irrigation  Paper,  U.  S.  Geol.  Survey,  No.  147,  p.  l.'U. 
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FLOOD  ON  HONDO  RIVER,  NEW  MEXICO. 

The  Hondo  reached  a  higher  stage  at  Hondo  reservoir  during  1905  than  during  19i>4. 
The  following  table  gives  the  daily  gage  height  and  dischaige  at  Hondo  reservoir  durii^ 
the  flood  of  1905: 

Daily  rate  of  flow  of  Hondo  River  during  floods  of  July ,  1905, 


Date. 


July  22 
July  23 
July  24 
July  25 
July  26 
July  27 
July  28 
July  29 
July  30 
July  31 


Reservoir. 


RosweU. 


^^^t.\^^^-^'  h2isrtJ^*«=^-^ 


Feet. 
Dry. 
6.3 
8.05 
11.4 
9.2 
8.55 
7.0 
6.5 
4.15 
4.35 


Sec-feel. 


Feet.     I   See.-feet. 

I 


460  , 
820 
1,790 
1>U5 
950 
600 
500 
170 
250 


4.1 

5.0 

5.7 

4.9 

4.85 

3w6 

2.95 

2.25 


42 

S51 

53 

asg 


FLOOD  ON  RIO  GRANDE,  NEW  MEXICO-TEXAS. 
INTRODUCrriON. 

From  May  15  to  June  20  the  part  of  this  stream  between  Albuquerque,  N.  Mex.,  ami 
Presidio,  Tex.,  was  in  destructive  flood.  The  dikes  protecting  villages  and  lowlands  wiere 
overtopped  and  considerable  damage  was  done  to  crops,  railway  property,  buildings,  and 
land  along  the  river.  It  was  the  spring  flood,  due  to  the  rapid  melting  of  an  exceptionallT 
laige  winter  accumulation  of  snow  on  the  mountains. 

The  Rio  Grande  rises  among  the  moimtains  of  southern  Colorado,  flows  in  a  general 
southerly  and  southeasterly  direction  for  about  1,800  miles,  and  empties  into  the  Gulf  of 
Mexico.  Its  two  largest  tributaries  are  the  Pecos,  entering  from  the  north  near  Morehead, 
Tex.,  and  the  Rio  Conchos,  entering  from  the  south  at  Presidio,  Tex.  (see  fig  7).  It  is  a 
storm-water  stream,  subject  to  large  and  sudden  fluctuations  of  flow,  except  in  the  spring 
and  early  summer,  when  its  water  comes  from  melting  snow  in  the  mountains  at  the  head- 
waters. The  basin  is  long  and  comparatively  narrow,  the  larger  part  being  mountainous, 
with  steep,  barren,  impervious  slopes.  From  its  head  to  Del  Norte,  Colo.,  a  distance  of 
144  miles,  the  fall  of  the  stream  is  4,258  feet;  from  Del  Norte  to  San  Marcial,  393  miles,  the 
fall  is  3,342  feet;  from  San  Marcial  to  El  Paso,  203  miles,  it  is  700  feet;  from  El  Paso  to  the 
mouth,  1,032  miles,  it  is  3,700  feet.  The  area  of  the  watershed  above  El  Paso  is  38/)00 
square  miles. 


NEW    MEXICO-TEXAS :    RIO   GBANDE. 


35 


FLOOD  FL.OW. 

There  are  eight  gaging  stations  on  this  stream.    The  daily  rate  of  flow  and  progress  of 
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FiQ.  7.— Map  of  Rio  Grande  drainage  basin. 

the  flood  down  the  stream  can  bo  seen  from  the  record  at  San  Marcial,  El  Paso,  and  Upper 
Presidio,  a  given  in  the  following  table: 


o  Data  furnished  by  W.  W.  Follett,  consuiting  engineer. 
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Flood  Jlow  of  Rio  Orande  during  part  nf  May  ami  Jvne,  1905. 


Date. 


Cenicero 
height). 


Rio  Grande' 
he^t) 


San 
Mardal 

(dift- 
chaige). 


El  Paso 

(dift- 
chaige). 


PresjdK 

(dis- 
cbaTge). 


May  19.. 
Ma7  20.. 
May  21.. 
May  22. . 
May  23.. 
May  24.. 
May  25.. 
May  26.. 
May  27.. 
May  28.. 
May  29.. 
May  30.. 
May  31.. 
June  1 . . , 
June  2... 
Junes.., 
June  4. . 
Junes.. 
June  6.. 
June?.. 
Junes.., 
June  9.. 
June  10., 
June  11 . . 
June  12.. 
June  13.. 
June  14.. 
June  15.. 
June  16.. 
June  17.. 
Jitne  IfS^. 
June  19 . . 
June  20.. 
June  21.. 


Total  flow,  in  acre-feet. 


Feet. 
5.9 
6.6 
7.0 
7.2 
7.7 
7.95 
&0 
8.4 
&15 

ao 

7.7 

7.1 

6.7 

6.25 

6.6 

7.05 

7.85 

8.25 

8.75 

8.85 

9.05 

8.85 

8.6 

8.45 

ai 

7.6 

6.8 

6.7 

6.4 

6.3 

6.05 

5.8 

5.15 

4.9 


Feet. 
11.1 
11.6 
11.5 
11.4 
11.5 
1L8 
11.8 
1L5 
11.2 
10.9 
10.6 

ia5 

9.4 
9.3 
9.1 
9.2 
9.6 
10.2 
10.5 
ia45 
10.7 
11.1 
10.4 
10.05 
9.65 
9.4 
9.05 
a45 
•a  15 
7.7 
7.5 
7.15 
6.85 
6.45 


Sec-feet. 
15,380 
16,550 
17,350 
23,400 

'  28,600 
29,070 
23,540 
28,000 
27,100 
25,580 
23,600 
20,430 
19,060 
19,360 
19,660 
19,970 
17,110 
16,350 
16,480 
15,810 
15,440 
15,070 
15,930 
17,390 
18,460 
16,370 
13,670 
12,170 
11.880 
12,800 
13,730 
10,960 
10,170 
8,810 


1,276,000 


Sec-feet.  ' 

6,020 

6,180' 

6,980  I 

8,360' 

9,720 

9,800 

10,210 

12,640 

14,720 

16,450 

17,860 

18,920 

18,920 

20,270 

20,720 

20,320 

18,840 

17,820 

15,630 

14,190 

14,190 

17,410 

18,300 

20,190 

23,680 

23,050 


Sec-feei. 


23,270 
23,270 
20,100 
17,250 
13,620 
9,970 
7,310 


1,070,000 


4.'«L 
4.9UD 

5.(i10 
5.J0fi 

5.*C 

S.W 

6.2ri- 
6,.vy- 

l,4fC 

avio 
9.Mri 

10,fi2B 
11.300 

11. :« 

12.38) 
12.  MD 
13,70) 
13.TT)0 
12.600 
12,400 
12.600 
11.400 
12.31) 
12,100 
11,900 


513.400 


There  were  evidently  two  flood  waves,  one  reaching  a  maximum  rate  of  29,070  secood- 
feet  at  San  Marcial  on  May  24,  the  other  reaching  a  maximum  of  18,460  second-leet  at  San 
Marcial  on  June  12,  nineteen  days  later.  These  two  waves  reached  El  Paso  on  June  2  and 
14,  the  second  having  there  a  larger  rate  of  flow  than  the  first.  Hie  first  wave  was  lost 
before  reaching  Presidio,  and  the  maximum  rate  of  the  second  one  at  that  place  was 
reduced  to  13,700  second-feet.  The  total  volume  of  flow  from  May  19  to  June  21  at  San 
Marcial  is  1,276,000  acre-feet.  The  total  volume  at  El  Paso  May  19  to  June  21  is  1,070,000 
acre-feet,  and  the  total  volume  at  Presidio  May  25  to  June  21  is  513,400  acre^eet. 

COMPARISON  WITH  FLOOD  OF  OCTOBBB,  1904. 

The  following  table  gives  the  daily  rate  of  flow  at  San  Marcial  and  £11  Paso  for  the  tea 
days  of  the  flood  of  1904  between  October  8-17,  and  for  ten  days  of  the  flood  of  May,  1905. 
The  former,  a  fall  flood  due  to  rain,  had  a  much  more  rapid  rate  of  rise  and  fall  and  a  greater 
maximum  rate  of  flow  than  the  latter,  which  was  a  spring  flood,  due  to  melting  snow. 
The  greatest  daily  discharge  each  year  from  1895  to  1905  is  given  on  page  83. 
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ComparMon  cf  daUy  diseharye  of  Rio  OranSe  ai  San  Mardal  arid  El  P<uo  during  the  foods 

qf  1904-1906. 


Date. 


October  8. . 
October  9.. 
October  10. 
October  11. 
October  12. 
October  13. 
October  14. 
October  15, 
October  16. 
October  17. 


1904. 


San 
liarcial. 


Sec.'feet, 

2,880 

12,000 

24,000 

33,000 

24,800 

21,760 

15,900 

11,100 

6,250 

1,550 


£1  Paao. 


8ec.-feet. 
5,740 
7,670 
11,370 
10,550 
12,010 
13,800 
16,200 
17,100 
9,300 
6,300 


Date. 


May  21. 
May  22. 
May  23 
May  24 
May  25. 
May  28 
May  27 
May  28 
May  29 
May  30 


1905. 


San 
Mareial. 

EI  Paao. 

Sec.'feet. 

Sec-feet. 

17,350 

6,980 

23,400 

8,360 

28,600 

9,720 

29,070 

9,800 

23,540 

10,210 

28,000 

12,640 

27,100 

14,720 

25,580 

16,450 

23,600 

17,880 

20,430 

18,920 

BAMAGE. 

The  damage  done  by  this  flood  consisted  chiefly  in  the  destruction  of  crops  on  lands 
overflowed  and  the  destruction  of  clay  or  adobe  buildings.  The  village  of  Tome,  35  miles 
south  of  Albuquerque,  N.  Mex.,  one  of  the  oldest  in  the  Territory,  was  reported  to  have 
been  almost  completely  destroyed.  The  river  broke  through  the  dike  at  this  place,  flooded 
the  village,  softened  the  walls  of  the  buildings,  and  caused  them  to  fall.  Some  of  the  land 
along  the  river  was  injured  by  having  the  soil  washed  from  it,  while  other  land  was  enriched 
by  the  deposition  of  rich  sediment  upon  it. 

EFFECT  OF  PROPOSED  ENGUB  DAM  ON  FIX>ODS. 

A  reservoir,  to  be  formed  by  a  dam  on  the  Rio  Grande,  will  be  located  near  Engle,  N. 
Mex.,  125  miles  above  El  Paso.  It  will  have  a  depth  of  175  feet  at  lower  end,  a  length  of 
40  miles,  and  a  capacity  of  2,000,000  acre-feet.  The  following  table  gives  run-off,  in  acre- 
feet,  at  San  Mareial  each  month  from  October,  1904,  to  September  30,  1905,  and  the  total 
volume  for  these  twelve  months. 

Estimated  monthly  discharge  of  Rio  Grande  near  San  Mareial,  N.  Mex.,  October  1,  1904,  to 

September  30,  1905. 


Month. 


Maximum.   Minimum. 


1904. 


October 

November. 
December.. 


1905. 


January 

February.. 

March 

AprU 

May 

Jane 

July 

August 

September. 


Acre-feet  for  period . 


Sec-feet. 

33,000 

1,430 

1,190 

1,005 

3,220 

5,620 

14,160 

29,070 

19,970 

2,770 

710 

470 


Sec-feet. 

1,120 

650 


370 

290 

2,200 

1,730 

7,600 

2,640 

65 

0 

0 


Mean. 


Total  in 
acre-feet. 


Sec-feet. 

7,534 

870 

679 

636 

1,150 

3,544 

4,605 

15,650 

12,000 

582 

327 

89 


463,200 
61,770 
41,750 

39,110 

63,870 

217,900 

279,400 

962,200 

714,300 

35,780 

20,090 

5,276 


2,895,000 
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It  is  seen  that  the  total  flow  for  these  twelve  months  at  San  Marcial  was  abcnit  1.43 
times  the  capacity  of  this  reservoir. 

SPRING  FLOODS  IN  COLORADO  RIVER  BASIN. 
INTRODUCTION. 

In  the  Colorado  River  drainage  basin,  especially  its  southern  portion,  a  remarkAble  flood 
or  succession  of  floods  occurred  during  the  period  January-April,  1905.  The  rat«  of  fiov 
of  some  of  the  tributaries  may  have  been  greater,  for  a  short  time,  at  some  previous  diar 
than  during  this  period,  but  the  total  run-off  of  the  Gila  and  Colorado  during  this  flo»ic 
was  unprecedented.  The  flood  of  1903  on  the  Colorado  was  regarded  as  one  of  the  lai^^v^ 
up  to  that  time,  but  the  total  nin-ofl'  at  Yuma  from  January  to  July,  1905,  was  1.8  timts 
greater  than  during  the  corresponding  period  of  1903.  The  Gila  River  at  Dome,  near  it- 
mouth,  had  a  total  run-olf  of  31,000  acre-feet  from  January  to  May,  1903,  inclusive,  aod 
2,957,800  acre-feet  for  the  same  period  of  1905. 

The  Colorado  River  proper  is  formed  by  the  junction  of  the  Green  and  Grand  rivers  in 
the  southern  part  of  Utah,  flows  in  a  general  southwesterly  direction  for  nearly  1,000  milc^. 
and  empties  into  the  Gulf  of  California.  The  principal  tributaries  are  the  Gila,  Little  Cok^ 
rado,  San  Juan,  Virgin,  and  Williams.  The  following  table,  prepared  mainly  from  dau 
in  Water-Supply  and  Irrigation  Paper  No.  44  (p.  82),  gives  the  distance  from  the  mouth 
to  places  along  the  river,  their  height  above  sea  level,  and  the  fall  per  mile  between  them. 

Distances  and  aUUudes  along  Colorado  River ^  andfaU  per  mUe. 


Locality. 


Mouth 

Yuma  (mouth  of  Gila  River) . 

Ehrenberg 

Mouth  of  Williams  River 

Needles  Bridge 

Needles 


Mohave  City 

HardyvUle 

Bullshead 

Mouth  of  Virgin  River 

Mouth  of  Grand  Wash  (fault) . 

Mouth  of  Diamond  Creek , 

Toroweap  Valley  (fault) 

Mouth  of  Kanab  Creek 


Mouth  of  Little  Colorado  River. 

Mouth  of  Paria  River 

Mouth  of  Navajo  Creek 

Crossing  of  the  Fathers 

Mouth  of  San  Juan  River 

Mouth  of  Escalante  River 

Mouth  of  Dirty  Devil  River 


Mouth  of  Grand  River. 


Distance 

from 
mouth. 


MUes. 

0 
150 
261 
340 
387 
385 
440 
447 
454 
555 
600 
650 
700 
730 
790 
800 
815 
880 
905 
920 
957 
970 
1,030 
1,067 
1.080 


Height      p^,  _^ 


Feet. 
0 
125 


375 
448 


Feft. 


0 

as 


1.3 
1* 


935 

2.9 

I.OOO 

L4 

1,312 

€.2 

1,625 

6.3 

1.810 

t  :■ 

2,300 

KJ 

2.520 

22.0 

2,625 

7-0 

3,187 

}v« 

3,220 

I  5 

3,250 

2  • 

3,310 

I^ 

3,325 

L2 

3,434 

LS 

3,750 

3L2 

3,775 

19 

The  Colorado  River  drainage  basin,  including  the  Green  and  Grand  rivers,  extends  from 
43.5"  to  31"  north  latitude,  and  from  115.5"  to  106"  west  longitude,  and  comprises  an  area 
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of  about  225,000  square  miles.  Within  this  basin  is  found  some  of  the  most  varied  topog- 
raphy on  this  continent.  The  canyon  of  the  Colorado  has  a  depth  of  3,000  to  6,000  feet 
below  the  surrounding  plateaus.  The  greater  part  of  the  basin  consists  of  elevated  pla- 
teaus bordered  with  cliffs.  The  slopes  are  steep  and  nearly  impervious,  hence  the  run-of! 
is  very  rapid.  , 

PRECIPITATION. 

The  mean  annual  precipitation  varies  fropi  less  than  5  inches  in  the  southwestern  part 
of  the  basin  to  more  than  15  inches  on  some  of  the  high  plateaus  and  mountains.  On 
the  headwaters  of  the  Duchesne  River  the  precipitation  must  be  more  than  20  inches,  as 
the  measured  annual  run-off  is  14.5  inches. 

The  following  table,  prepared  from  the  records  of  the  United  States  Weather  Bureau 
gives  the  monthly  precipitation  from  January  to  April,  1905,  at  places  in  the  Gila  River 
basin  and  vicinity.  It  also  gives  the  mean  monthly  precipitation  at  some  of  these  places 
for  comparison: 

Monthly  precipitation  in  the  Gila  and  LitHe  Colorado  River  basins  from  January  1  to  April 
SO,  1906 1  compared  with  the  mean  monthly  precipitation  of  same  localities. 


Place. 


Jerome,  Arl* 

P  rescott,  Ariz 

Seligman,  Ariz 

Alma,  N.  Mex 

Young,  Ariz 

Alpine,  Ariz 

Fort  Apache,  Ariz 

Fort  Grant,  Ariz 

Phoenix,  Ariz 

Oro,  Ariz 

Deming,  N.  Mex , 

Fort  Bayard,  N.  Mex . . 

San  Caries,  Ariz 

Cam  bray,  N.  Mex 

Bowie,  Ariz 

Gage.N.Mex 

DudleyvUle,  Ariz 

Lordsbuig,  N.  Mex 

Mesa,  Ariz 

Luna,  N.  Mex , 

Buckeye,  Ariz 

Maricopa,  Ariz 

Yuma,  Ariz 

Blsbee,  Ariz 

Benson ,  A  riz , 

Duncan,  Ariz , 

Holbrook,  Ariz 

Kingman,  Ariz 

Fort  Wingate,N.Mex. 

Flag8taflf,Ariz 

Tuba,  Ariz , 


January.    I   February.   I      March,      j       April. 
1905.    Mean,  i  1905.  I  Mean.    1905.    Mean.  I  1905.    Mean. 


5.10 
4.74 
1.97 
1.44 
5.21 
3.15 
.3.45 
0.36 
3.31 
a  61 
1.53 
a  07 
a  46 
1.69 
1.91 


a  57 
1.57 
2.85 
2.09 
2.91 
1.60 
1.15 
1.12 
1.06 
2.10 
1.29 
1.77 
2.30 
a20 
1.45 


1.44 
1.55 


0.99 


1.36 
0.99 
0.80 
1.03 
0.43 
0.66 
1.33 
0.22 
1.63 


1.35 
0.53 
1.27 


1.08 
0.74 
0.42 


7.80 
7.92 
a  27 
6.05 
7.94 
5.88 
4.31 
2.34 
4.64 
6.22 
2.08 
4.26 
5.03 
2.01 
a29 

aoo 

5.88 

a  35 

4.86 
a  53 
6.46 
2.70 
a43 
5.71 
a34 
a72 
2.98 
4.47 
2.31 
5.79 
1.21 


2.35 
1.76 


0.30 


1.80 
1.13 
0.70 
1.21 
0.31 
0.86 
1.44 
0.60 
1.15 
0.37 
1.39 
0.32 
0.94 


0.80 
0.70 
0.51 


7.30 
6.17 
2.16 
5.35 
7.50 
4.91 
6.79 
0.99 
2.38 
6.07 
2. 15 
4.33 
a30 
1.02 
2.65 
2.95 
a  75 
a  24 
a42 
2.47 
a  61 
1.72 
a33 
5.26 
4.20 
a36 
2.93 
a  05 
2.85 
4.02 
0.96 


1.35 
1.78 


0.56 


1.63 
0.71 
0.58 
0.98 
0.42 
0.58 
0.98 
0.23 
0.02 
0.37 
1.02 
0.44 
0.76 


0.72 
0.4.5 
0.26 


a  70 
a  81 
1.65 
2.40 
4.59 
a20 
5.00 
1.21 
2.59 
2.35 
1.87 
2.93 
a  34 
0.55 
1.19 
1.78 

ago 

1.27 
2.70 
2.37 
2.04 
1.71 
0.16 
4.04 
2.01 
1.74 
1.57 
2.42 
4.05 
2.65 
2.58 


1.07 
0.81 


0.38 


0.71 
0.32 
0.44 
0.41 
0.06 
0.24 
0.42 
0.02 
0.21 
0.03 
0.54 
0.09 
0.45 


0.22 
0.14 

ao8 


Total. 


1905.     Mean. 


2a  90 
22.64 

9.05 
15.24 
25.24 
17.14 
19.55 

4.90 
12.92 
ia25 

7.63 
14.59 
15. 13 

6.27 

0.04 

7.73 
17.10 

9.43 
ia83 
10.46 
15.02 

7.73 

ao7 

16.13 
10.63 
11.92 

a  77 

11.71 
11.51 
15.66 
6.20 


6.21 
5.90 


2.32 


5.50 
a  15 
2.52 
a63 
1.22 
2.34 
4.17 
1.07 
a  91 


4.30 
1.38 
a42 


2.82 
2.03 
1.27 


It  is  seen  that  the  precipitation  for  this  period  at  all  of  these  places  was  several  times 
greater  than  the  normal.  At  some  places  where  the  rainfall  per  month  is  generally  about 
one-half  inch  it  was  from  5  to  7  inches  per  month.    Excessive  precipitation  for  a  short 
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time  over  comparatively  small  areas  is  not  uncommon,  but  such  long  periods  of  exoeoaive 
rainfall  over  so  large  an  area  in  this  section  is  very  remaricable.  In  a  considerable  part  of 
the  Salt  and  Verde  River  basins  the  precipitation  during  these  four  months  was  over  20 
inches. 

TRIBUTARIES  OF  COLORADO  RIVER  ABOVE  HARDYVILJLK. 

The  subjoined  table  shows  the  discharge  of  tributaries  of  the  Colorado  during  the  floods 
of  June,  1905: 

Daily  rale  of  flow  of  Colorado ,  Oreerif  Orand,  Ounniaon,  and  San  Juan  rivers,  during  floodg  cf 

June,  1906. 

[Drainage  areas  above  gaging  stations  in  square  miles:  Green  River,  38,200;  Grand  River,  8,546;  Gun- 
nison River,  7,863.] 


Day. 

Colorado  River 

at  HardyviUe, 

AriE. 

Green  River  at 

Green  river, 

Utah. 

Grand  River  at 
Palisade,  Colo. 

Gunnison  River 

at  Whitewater, 

Colo. 

San  Juan  River 

at  Farmincton, 

N.Mex. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Gage 
bei^t. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gace 
height. 

Dis- 
charge. 

Gaffe 
hei^U 

DIs- 

chaige. 

1 

Sec-feet. 

Feet. 

Sec-feet. 

Feet. 
19.35 

Sec-feet. 
25,040 
29,200 
31,000 
35,000 
41,620 
41,300 
40,020 
37,180 
41,300 
41,300 
36,860 
36,850 
32,530 
31,000 
31,310 
31,310 
28,300 
25,620 
23,200 
21,300 

Feet. 
11.65 
12.45 
12.75 
13.15 
13.85 
13w6 
1&05 
13.2 
13.5 
ia55 
12.95 
12.5 
12.25 
12.05 
11.85 
11.7 
11.1 
10.45 
10.15 
9.9 

Sec-feet. 
17,780 
21,280 
22,710 
24,660 
28,080 
26,860 
24,160 
24,900 
26,370 
26,620 
23,680 
21,520 
20,360 
19,460 
18,600 
17,960 
15,680 
13.420 
12,440 
11,6S0 

Feet. 

iao5 
ia7 

12.4 

12.25 

12.35 

13.10 

11.65 

11.8 

12.0 

11.9 

12.0 

12.05 

11.9 

11.6 

11.4 

11.4 

11.75 

10  6 

ia7 

10.75 

Sec-fett. 
15,690 

2 

20.05 
20.35- 
21.0 

17,600 

3.   .     .. 

1 

22,70U 

4 

22,250 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

10.8 

11.85 

12.5 

13.1 

13.7 

14.4 

14.3 

14.0 

14.3 

14.45 

14.5 

las 

13.3 
12.8 
12.5 
12.2 

64,310 
73,890 
80,070 
85,880 
91,700 
98,620 
96,500 
93,500 
94,000 
94,500 
93.500 
85,500 
79,000 
73,000 
70,500 
67,500 

9.6 
9.8 
9.85 
10.05 
10.3 
10.55 
10.5 
10.05 
10.2 
10.2 
9.95 
9.85 
9.35 
9.25 
9.15 
9.05 

29,260 
30,970 
31,400 
33,160 
35,400 
37,700 
37,230 
33,160 
34,500 
34,500 
32,280 
31.400 
27,180 
26,370 
25.580 
24,790 

22.05 

22.0 

21.8 

21.35 

22.0 

22.0 

21.3 

21.25 

20.6 

20.35 

20.4 

20.4 

19.9 

19.45 

19.05 

18.7 

22.5S0 
24.800 

20,450 
20,900 
21,500 
21.200 
21,500 
21,650 
21,200 
20.300 
19.700 
19,700 
20.750 
17,300 
17.600 
17.750 

QBEEN    RIVER  AT   ORBBNRIVER,  UTAH. 

The  daily  rate  of  flow  of  Green  River,  the  largest  of  the  two  streams  that  form  the  Colo- 
rado, at  the  gaging  station  near  Greenriver,  is  given  on  page  40.  The  station  is  located 
about  70  miles  above  the  mouth  of  the  river  and  the  drainage  area  above  this  point  is  38,200 
square  miles. 

The  stage  increased  gradually  from  9.6  feet  on  June  5  to  10.55  feet  on  June  10,  and  the 
rate  of  flow  increased  from  29,260  second-feet  to  37,700  second-feet.  From  the  11th  to  the 
20th  the  rate  of  flow  gradually  decreased  from  37,230  second-feet  to  24,790  second-feet.  The 
greatest  daily  rate  of  flow  was  about  1  second-loot  per  square  mile.  In  May,  1897,  the  rate 
of  flow  was  68,800  second-feet,  and  in  June,  1899,  it  was  58,350  second-feet. 

GRAND   RIVER   AT   PALISADE,  COLO. 

The  daily  rate  of  flow  of  Grand  River,  which  unites  with  the  Green  to  form  the  Colorado 
at  the  gaging  station  at  Palisade,  Colo.,  is  given  on  page  40.  Between  June  2  and  June  16 
the  stage  varied  from  20  to  22  feet  and  the  rate  of  flow  from  29,000  to  41,300  second-feet. 
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The  greatest  daily  rate  during  this  period  was  4.83  second-feet  per  square  mile.  This  sta- 
tion was  established  in  1902.  The  greatest  rate  of  flow  during  these  four  years  prior  to 
June,  1905,  was  24,800  second-feet  in  May,  1904. 

GUNNISON   RIVER  AT  WHITEWATER,  CX>LO. 

The  daily  rate  of  flow  of  Gunnison  River  during  this  flood  at  the  gaging  station,  10  miles 
above  its  mouth,  is  given  on  page  40.  From  June  1  to  June  16  the  stage  varied  from  about 
11.7  to  13.85  feet  and  the  rate  of  flow  from  17,780  to  28,080  second-feet.  The  maximum 
daily  rate  during  this  time  was  3.67  second-feet  per  square  mile.  This  station  has  been  in 
operation  four  years.  The  greatest  daily  rate  during  this  period  prior  to  June,  1905,  was 
17,810  second-feet  in  June,  1903. 

SAN   JUAN    RIVER   NEAR  FARMINQTON,  N.  HEX. 

The  San  Juan  is  the  largest  tributary  of  the  upper  Colorado,  which  it  enters  from  the  east 
about  120  miles  below  the  junction  of  the  Green  and  the  Grand,  and  about  15  miles  north 
of  the  Utah-Arizona  boundary  line.  The  daily  rate  of  flow  at  the  gaging  station  near  Farm- 
ington,  N.  Mex.,  is  given  on  page  40.  From  June  1  to  June  21,  the  stage  varied  from  about 
10  to  13.1  feet,  and  the  rate  of  flow  from  15,600  to  24,800  second-feet.  The  greatest  daily 
rate  in  1904  was  20,000  second-feet  in  October. 

LITTLE  COLORADO  RIVER. 

The  excessive  precipitation  in  the  basin  of  the  Little  Colorado  during  the  months  Jan- 
uary-April, noted  on  page  39,  resulted  in  great  floods  that  swept  away  several  large  dams 
and  deprived  many  thousand  acres  of  irrigated  land  of  water. 

A  gaging  station  was  established  on  this  stream  at  Holbrook,  Ariz.,  March  17,  after  the 
largest  flood  that  destroyed  the  dams  had  passed.  The  records  at  this  place  show  that  during 
the  period,  March  17  to  April  30,  the  discharge  varied  from  1,000  to  2,075  second-feet. 

The  maximum  stage,  due  to  failure  of  the  St.  Johns  dam,  was  11.5  feet.  This  stage  is 
about  3  feet  higher  than  that  on  November  29,  when  the  discharge  was  estimated  to  have 
been  about  20,000  second-feet. 

COLORADO  RIVER  AT  HARDYVII.LE,  ARIZ. 

A  gaging  station  is  located  on  Colorado  River  about  one-fourth  of  a  mile  above  the 
deserted  town  of  Hardyville,  7  miles  above  Fort  Mohave  and  297  miles  above  Yuma.  Dis- 
charge measurements  are  made  from  a  car  on  a  cable,  and  fluctuations  of  stage  are  read 
daily  on  a  rod  fastened  to  the  left  bank  near  the  cable. 

The  daily  gage  height  and  rate  of  flow  from  June  5  to  June  20,  during  this  flood,  are  given 
on  page  40. 

At  this  station  there  was  a  gradual  increase  from  a  stage  of  10.8  feet  and  a  discharge  of 
64,310  second-feet,  on  June  5,  to  a  stage  of  14.4  leet  and  a  discharge  of  98,620  second-feet 
on  June  10.  From  June  10  to  June  15  the  stage  varied  from  14  to  14.5  feet.  On  the  20th 
It  had  fallen  to  12.2  feet. 

GILA   RIVER  BASIN. 

INTRODUCTION. 

Gila  River  rises  in  the  mountainous  country  of  southwestern  New  Mexico,  flows  in  a  gen- 
eral southwesterly  direction  through  Arizona,  and  empties  into  Colorado  River  1  mile  above 
Yuma,  Ariz.  Its  principal  tributaries  are  the  Salt,  Verde,  San  Francisco,  Agua  Fria,  and 
Uassayampa  from  the  north  and  the  San  Pedio  and  Santa  Cruz  from  the  south.  The 
location  of  these  streams  is  shown  on  Pi.  II. 

The  total  area  drained  by  this  rivei  is  71 ,140  square  miles,  40  per  cent  of  which  hiis  an  ele- 
vatioQ  of  Jess  than  3,000  feet  and  is  largely  agricultural  land  if  supplied  with  water.    About 
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27  per  cent  has  an  elevation  of  more  than  5,000  feet  and  from  this  part  comes  the  water  sup- 
ply. This  high  plateau,  which  lies  at  the  headwaters  of  the  Gila,  in  the  eastern  ajid  nortb- 
eastem  part  of  the  drainage  basin,  intercepts  the  moisture-laden  winds  from  the  southwest 
and  causes  them  to  precipitate  their  moisture.  The  run-off  from  the  remaining  73  per  cect 
is  small,  except  during  an  occasional  period  of  heavy  storms  like  that  of  the  winter  and 
spring  of  1905.  The  run-off  is  rapid,  the  slopes  being  steep  and  impervious  and  the  flue- 
tuations  in  flow  are  very  great,  as  can  be  seen  from  fig.  8. 

PBECnTTATION . 

The  precipitation  in  this  basin  during  the  floods  of  1905  can  be  seen  from  the  precipitatioQ 
records  on  page  39.  Lai^e  parts  of  the  Salt,  Verde,  and  Gila  basins  are  in  the  area  of  greatest 
precipitation,  and  more  than  20  inches  of  rain  fell  on  them  during  these  four  months. 

SAN   FRANCISCO  RIVER. 

The  San  Francisco  is  an  important  tributary  of  the  Gila,  which  it  enters  from  the  north 
about  30  miles  above  Solomonsville,  Ariz.  The  gaging  station  on  it  is  located  at  Alma, 
N.  Mex.  The  basin  above  the  station  is  mountainous  and  comprises  an  area  of  about  18,000 
square  miles.  The  following  table  gives  the  daily  rate  of  flow  at  this  station  during  these 
floods: 


Daily  discharge,  in  seamd-feetf  of  San  Francisco  River  at  Alma,  N.  Mex,,  in  1906, 
[Drainage  area,  1,800  square  miles.] 


Date. 


January  9 

January  10 

January  11 

January  12 

Februarys 

February  4 

Februarys 

February  6 

February  7 

February  8 

February  16 

February  17 

February  18 • 

February  19 

February  27 

February  28 

March  1 

March  2 

March  3 

March  4 

March  5 

March  6 


Dis- 
charge. 


80 

3,162 

1,080 

357 

287 

910 

910 

1,310 

560 

370 

200 

4,760 

5,060 

180 

340 

4,010 

3,410 

2,360 

2,510 

2,510 

2,660 

460 


Date. 


March  7.. 
March  8. . 
March  9.. 
March  16. 
March  17. 
March  18. 
March  19. 
March  20. 
March  21. 
March  22. 
March  23. 
March  24. 
March  25. 
March  26. 
March  27. 
March  28. 
March  29. 
March  30. 
March  31. 
April  1... 
April  2... 
April  3. . . 


Dls- 
chaige. 


910 

2,120 

325 

230 

3,092 

2,164 

1,700 

2,280 

1,590 

1,480 

1,480 

1,290 

1,110 

1,110 

1,020 

885 

800 

602 

642 

681 

1,155 

2,048 


Date. 


April  4.. 
April  5.. 
April  6.. 
April  7.. 
AprU  8. . 
April  9.. 
April  10. 
April  11. 
April  12. 
April  13. 
April  14. 
April  15. 
April  16. 
April  22  i 
I  April  23. 
April  24. 
April  25. 
April  26. 
April  27. 
April  28. 
AprU  29. 
April  30. 


Dis^ 
charge. 

I  1.3« 
1,932 
1.874 
l.Ti-^ 
l,5«u 
1,245 
1.245 
1,200 
1.430 
1,<>90 
l.«U 
1.200 
975 
61* 
1.S35 
1.700 
1.30 
1.Q3D 
SO) 
l.OJO 

mi 
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OILA   RIYER   NEAR   SOLOHONSVILLB,  ARIZ. 

For  20  miles  below  the  mouth  of  the  San  Francisco  the  Gila  flows  in  a  canyon.  About 
10  miles  above  Solomonsville  the  topography  changes,  and  from  this  place  to  a  point  6  miles 
below  Sai  Carlos — ^nearly  70  miles — the  river  flows  in  a  fertile  valley  where  irrigation  ditches 
take  water  from  it  on  both  sides.    This  is  one  of  the  finest  irrigated  portions  of  Arizona. 

Great  damage  was  done  in  this  valley  by  the  floods  of  1905.  The  banks  of  the  river  are 
composed  of  sandy  loam  which  is  easily  eroded,  and  several  hundred  acres  of  land  were 
washed  away.  The  stream  bed  was  doubled  or  trebled  in  width  by  these  floods  and  is  now 
strewn  with  uprooted  trees  that  before  the  flood  grew  along  the  banks.  On  some  areas  that 
were  protected  from  the  direct  scouring  action  of  the  current  material  has  been  deposited 
to  depths  ranging  from  6  inches  to  4  feet,  destroying  the  land  for  agricultural  purposes.  The 
irrigation  works,  especially  the  ditches,  were  badly  damaged,  many  orchards  and  fields  of 
alfalfa  were  destroyed  or  badly  injured,  the  railway  bridge  at  San  Carlos  was  washed  away 
in  January,  the  railway  along  the  river  was  damaged  several  times  at  many  places,  and 
traffic  was  interrupted  for  the  greater  part  of  the  time  from  January  10  to  April  15. 

Diu-ing  the  flood  of  January  11  the  Gila  rose  very  rapidly  in  the  vicinity  of  Solomonsville 
and  overflowed  all  the  land  below  the  level  of  the  Montezuma  canal.  It  overflowed  the 
river  bank  above  the  heads  of  this  canal,  flowed  through  the  city,  and  before  the  canal  could 
be  cut  to  allow  the  water  to  pass  back  into  the  river  many  adobe  houses  were  destroyed. 

The  gage  at  the  gaging  station  at  San  Carlos  was  washed  away  on  January  10  at  a  river 
stage  of  5i  feet  above  ordinary  water.  A  new  gage  was  put  in  February  1  and  during 
February  the  stage  varied  from  1.8  feet  to  9  feet.  This  gage  was  washed  away  March  17 
at  a  stage  of  8  feet.  The  bed  of  the  stream  was  changed  so  much  during  these  floods  that 
reasonably  accurate  estimates  of  the  daily  rate  of  flow  at  this  place  can  not  be  given. 

The  daily  rate  of  flow  from  June  27  to  July  14  varied  from  4  to  6  second-feet.  The  maxi- 
mum rate  of  flow  during  these  floods  was  5,060  second-feet,  or  2.8  second-feet  per  square 
mile. 

A  large  amount  of  damage  was  done  by  these  floods  in  the  vicinity  of  Clifton,  Ariz.  The 
steel  railway  bridge  across  the  river  was  swept  away,  the  roadbed  was  damaged,  and  traffic 
interrupted  for  several  days,  a  few  small  buildings  were  swept  away,  and  the  smelters  along 
the  river  were  damaged. 

SAN   PEDRO  RIVER. 

The  San  Pedro  enters  the  Gila  from  the  south  at  Dudleyville,  Ariz.  The  total  area 
drained  by  it  is  3,456  square  miles.  The  greatest  rate  of  flow  in  January  was  124  second- 
feet,  in  February  235  second-feet,  in  March  668  second-feet,  and  in  April  145  second-feet. 
As  this  gaging  station  is  about  110  miles  above  the  mouth  of  the  river,  these  figures  afford 
little  indication  of  the  rate  of  flow  at  the  mouth. 

SALT  RIVER. 

Salt  River  is  the  largest  tributary  of  the  Gila,  which  it  enters  from  the  north  14  miles  west 
of  Phoenix,  Ariz.  Its  principal  tributaries  are  the  Verde ,  entering  from  the  north  at  McDow- 
ell, and  Tonto  Creek,  entering  from  the  north  at  Roosevelt.  The  basin  of  the  Salt  above  the 
mouth  of  the  Verde  is  mountainous,  with  deep  canyons  and  very  steep  slopes. 

The  precipitation  at  places  in  this  basin  during  January-April  is  given  on  page  39. 
IBB  162—06 4 
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The  daily  rate  of  flow  during  the  floods  of  these  four  months  as  measured  at  the  gaging 
station  at  Roosevelt,  Ariz.,  is  given  in  the  following  table: 

Daily  disehargef  in  sectmdrfeetf  of  Salt  River  at  RooseveUj  Ariz.,  during  fioods  of  Janwarj- 

April,  1906. 


Date. 


Dl8-     I 

charge. 


Date. 


Dis- 
chaiige. 


January  9 346 

January  10 '  5,900 

January  11 12,300 

Januao' 12 9,460 

Januray  13 4,000 

January  14 2,400 

January  15 1,685 

Januar>' 16 <  1,513 

Jauuar>' 17 1,341 

January  18 1,170 

January  19 999 

Fobniary2 625 

February  3 3,900 

Februar>'4 31,100 

February  5 18.800 

February  6 16,700 

February  7 8,250 

Februarys 4,500 

Februar>'9 3,145 

February  15 2,867 

February  16 4,040 

Februarys 21,550 

February  18 20,450 

Februarys 7,000 

February  20 4,800 

February27 4,400 

February  28 '  27,550 


Man^hl.. 
March  2.. 
March  3. . 
March  4.. 
March  5.. 
March  6.. 
March  7.. 
March  8.. 
March  9.. 
March  10. 
March  11. 
March  12. 
March  13. 
March  14. 
March  15. 
March  16. 
March- 17. 
March  18. 
March  19. 
March  20. 
March  21. 
March  22. 
March  23. 
March  24. 
March  25. 
March  26. 
March  27. 


17,100 
12,150 
9,250 
8.925 
11,300 
11,330 
11.220 
11.060 
11,220 
11,540 
11,500 
8,200 
22,050 
38,700 
17,600 
12,150 
39,800 
36,560 
23,200 
44,400 
23,440 
11,940 
9,524 
9,895 
8,040 
7,860 
7,480 


Date. 


March  28. 
March  29. 
March  30. 
March  31 . 
April  1... 
April  2... 
April  3. . . 
April  4... 
April  5... 
April  10. . 
April  11.. 
April  12.. 
April  13. . 
April  14.. 
April  15.. 
April  16.. 
April  17.. 
April  23. . 
April  24.. 
April  25.. 
April  26.. 
AprU,  27  . 
April  28.. 
April  29.. 
April  30.. 


char^. 

■    &.:« 

6.QnD 

T.  .«w 

12.  Ji. 

'     8.S3: 

4S.:iV' 
4Vrc 

20.  rx 

14.1 1-' 
10  f  Jfi 


s.rr 

1     ll.c^X 

u.r*. 

UrO' 

11. IS' 

10.  wu 

9.9ft. 

9.3:3 

Note.— The  daily  discharge  during  May  varied  gradually  from  9,360  to  1,950  second-feet. 

The  table  shows  one  flood  in  January,  three  in  February,  four  in  March,  and  three  m 
April.  The  largest  of  these  floods  occurred  April  13.  The  rate  of  flow  was  45,470  second- 
feet,  or  7.9  second-feet  per  square  mile;  on  March  20  the  daily  rate  was  44,400  second-fe<et. 
nearly  as  large  as  on  April  13.  The  highest  stage  during  these  four  months  at  this  station 
was  23.5  feet  and  the  lowest  6.9  feet. 

The  following  table  gives  the  greatest  daily  rate  of  flow  of  Salt  Kiver  at  Roosevelt  eact 
year,  from  1889  to  1905; 
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Maximurf.  daily  discharge,  in  second-feet,  of  Soli  River  at  Roosevelt,  Ariz.,  1889-1906  A 
*     [Drainage  area,  5,756  square  miles.] 


Year. 


Month. 


.  Discharge. 


890. 

891., 
892.. 
894.. 
1895.. 
[896.. 
[897.. 


.1  March 

.  February. 
.  February. 
.1  October... 

.    March 

.1  January.. 


'  July 

January. 

August.. 
I  August.. 


18,930 

71,640 

150,000 

770 

1,430 
46,810 

5,530 
10,420 

1,210 

3,330 


Year. 


Month. 


I  Dischaige. 


1900... 
1901... 
1902... 
1903... 
1904... 
1905... 
1905... 
1905... 
I  1905... 
1905... 


November 
February. 
August... 

April 

August... 
January.. 
February. 

March 

April. 

November 


2,220 

4,170 

4,680 

2,050 

14,700 

12,300 

27,560 

44,400 

45,470 

97,710 


a  This  station  is  described  in  Water-Supply  Paper  No.  100,  p.  42. 

According  to  these  records,  the  greatest  daily  rate  of  flow  during  these  seventeen  years 
was  nearly  26  second-feet  per  square  mile  in  February,  1891. 

The  following  table  gives  the  maximum,  minimum,  and  mean  monthly  run-off  of  the 
Salt  and  Verde  rivers  for  January- April,  1905,  and  for  the  same  months  of  1891 : 

Companson  of  floods  cf  1891  a  and  1905  b  on  Salt  River  at  Roosevelt  and  on  Verde  River  at 

McDowell,  Ariz. 

SALT  RIVER  AT  ROOSEVELT. 
[Measurements  In  second-feet.] 

I        Maximum.        I         Minimum. 


Date. 


'      1891. 


January '       8,900 

February I    150,000 

March I       4,970 

April 2,180 

Mean,  January-April 

Acxe-feet,  January-April . . . 


T 


1905. 


1891. 


1905. 


12,300 
27,560 
44,400 
45,470 


651 

413 

753 

1,654 


165 

626 

6,000 

6,405 


Mean. 
1891.  1905. 


1,777 
19,406 
2,768 
1,922 
6,467 
1,471,000 


1,611 
8,207 
15,300 
12,550 
9,417 
2,242,000 


VERDE  RIVER  AT  McDOWELL. 


January 

February 

March 

April 

Mean,  January-April 

Acre-feet,  January- April. 


7,190 

135,000 

3,460 

606 


10,060 
32,970 
29,410 
32,140 


445 
371 
525 


241 
400 


1,8 


469     1,411 


1,435 
17,467 
1,928 
534 
5,341 
1,209,000 


1,419 
7,709 
8,780 
5,227 
5,784 
1,366,000 


a  Prepared  from  data  Water  Supply  and  Irrigation  Paper  No.  73,  pp.  14  and  26. 

b  Discharge  obtained  by  taking  proportional  part  of  discharge  of  Salt  River  at  Arizona  dam. 

The  maximum  daily  rate  of  flow  of  both  Salt  and  Verde  rivers  was  more  than  three 
times  as  great  in  February,  1891,  as  at  any  time  during  the  period  January- April,  1905, 
but  the  total  flow  of  Salt  River  below  the  mouth  of  the  Verde  was  1 .24  times  greater  dur- 
ing the  period  January- April,  1905,  than  during  the  same  period  of  1891. 

VERDE  RIVER. 

The  precipitation  in  the  drainage  basin  of  the  Verde  during  the  months  January- April 
can  be  seen  from  the  table  on  page  39.    The  daily  rate  of  flow  during  these  floods,  as 
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measured  at  the  gaging  station  at  McDowell,  near  the  mouth  of  the  river,  is  given  in  the 
following  table: 

Daily  discharge^  in  second-feetf  of  Verde  River  at  McDoweU,  Ariz.,  during  fioods,  January  Co 

AprU,  1905. 


Date. 


January  9... 
January  10.. 
January  11.. 
January  12.. 
January  13. . 
January  14.. 
January  15.. 
.  January  16.. 
January  17.. 
January  18. . 
January  19.. 
February  2.. 
February  3. . 
February  4.. 
Februarys... 
Febniary  6. . 
February  7.. 
Februarys.. 
February  9.. 
February  15. 
February  16. 
February  17. 
February  18. 
February  19. 
February  20. 
February  21. 


Dis- 
charge. 


285 
8,674 
10,060 
7,394 
2,379  ' 
1,400 
1,100  : 
860 
755 
1,100  , 
944 
507 
968 
32,970 
32,970  , 
19,310 
9,743 
5,400  I 
3,750  j 
1,403 
1,367 
4,950  I 
9,767 
8,641 
6,130 
5,004 


Date. 


I    Dis- 
charge. 


February  22. 
February  23. 
February  24. 
February  25. 
February  26. 
February  27 . 
February  28. 

March  1 

March  2 

March  3 

March  4 

March  5 

March  6 

March  7 

March  8 

March  9 

March  10 

March  11 

March  12.... 

March  13 

March  14 

March  15 

March  16 

March  17 

March  18 

March  19 


Date. 


Do- 

!  charge. 


4,311 
5,610 
12,17t^ 
6,126 
4,572 
4,650 
21,050 
25,130 
10,580 
8,800 
8,107 
7,414 
5,928 
5,276 
4,884 
3,946 
3,289 
2,617 
2,539 
7,612 
25,500 
10,580 
10,780 
29,410 
23,460  [ 
12,120 


March  20. 
March  21. 
March  22. 
March  23. 
March  24. 
March  25. 
March  26. 
March  27. 
March  28. 
Mavrh  29. 
March  30. 
March  31. 
April  10.. 
April  11.. 
April  12.. 
April  13.. 
April  14.. 
April  15.. 
April  16. . 
April  17.. 
April  18.. 
April  19.. 
April  20.. 
April  21.. 
April  22.. 


10.«3D 

9.  ass 

8.110 
6.^ 
5,3H 
5,070 
4,755 
3.V16 
3.077 
2.773 
2,158 

i.ss: 

1.493 

6.433 

32, 1« 

24.640 

id.ieo 
i3.rJ0 

10.710 
7,56r: 
5.471 
3,63E> 
2,337 
l.SQ 
1,617 


The  greatest  daily  rate  of  flow  during  these  four  months  at  this  place  was  about  33,000 
second-feet,  on  February  4  and  5.  The  greatest  daily  rate  per  square  mile  during  thi? 
period  was  5.5  second-feet,  and  the  stage  varied  from  1  foot  to  13.25  feet. 

The  monthly  and  total  run-off  at  this  station  for  these  four  months  were  given  on  page  45. 

The  following  table  gives  the  greatest  daily  rate  of  flow  of  the  Verde  River  near  its  mouth 
each  year  from  1889-1905: 

Maximum  daily  discharge ,  in  second^feet,  of  Verde  River  at  McDowell ,  Ariz.,  1889- 1905 A 
[Drainage  area,  6,000  square  miles.] 


Year. 


1889.... 
1890. . . , 
1891.... 
1894.... 
1895.... 
1896.... 
1807.... 
1»8... 


Month. 


I  Discharge.  ■  Year. 


March . . . 
February 
February 
March . . . 
January. 
August.. 
January. 
July 


13,180 
64,480 
135,000 

33,000 
5,320 

15,690  , 
1,890  I 


Month. 


1899... 
1900... 
1901... 
1903. . . 
1904... 
1905... 
1905... 
1905... 


October... 
November 
February. 

April 

July 

February. 

April 

November 


I 


Disdiarge. 


3,77D 

2,470 

6,610 

^95,000 

6,030 

32,970 

32. 1« 

61,460 


oThis  station  is  describod  in  Water-Supplv  Paper  No.  100,  p.  31. 
b  Gage  height,  19  feet.    Discbarge,  Mpw«ira  ^l  95,000  second-feet. 
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According  to  these  records  the  greatest  daily  rate  of  flow  at  this  station  during  these 
seventeen  years  was  about  23  second-feet  per  square  mile  in  February,  1891. 


GILA   RIVER  AT  DOME,  ARIZ. 

The  following  table  gives  the  daily  discharge  of  the  Gila  at  Dome  (Gila  City),  Ariz., 
15  miles  from  the  mouth  of  the  river,  for  January-May,  1905: 

Daily  discharge^  in  second-feetf  ofOVa  River  <U  Dome,  Ariz.,  for  period  January-May ,  1905. 


Day. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 • 

16 

17 26,000 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

2» 

30 

31 

Total 

Mean 

Run-off,  in  acre-feet I    189,200 


January. 

Febru- 
ary. 

March. 

April. 

May. 

0 

80 

5,150 

6,800 

9,500 

0 

0 

21,500 

6,800 

8,100 

0 

0 

34,000 

6,000 

8,500 

0 

0 

11,800 

7,300 

7,700 

0 

280 

5,000 

8,500 

6,000 

0 

2,200 

3,050 

12,400 

6,400 

0 

20,800 

1,050 

13,800 

6,000 

0 

82,000 

450 

9,000 

5,000 

0 

35,800 

370 

8,100 

5,000 

40 

14,900 

300 

8,500 

5,000 

2,220 

6,900 

5,000 

9,000 

4,100 

2,600 

2,020 

10,000 

8,500 

5,600 

2,840 

60 

3,800 

22,000 

5,000 

2,960 

1,020 

3,500 

64,000 

4,400 

4,680 

300 

10,300 

34,000 

4,700 

18,600 

0 

39,000 

23,000 

5,000 

26,000 

140 

20,000 

16,300 

5,000 

10,200 

230 

27,800 

10,900 

4,700 

5,650 

24,800 

62,000 

8,300 

3,800 

3,600 

42,800 

95,000 

6,200 

4,400 

3,060 

45,200 

25,500 

5,150 

3,800 

2,560 

40,200 

20,000 

6,400 

4,100 

1,990 

630 

18,000 

8,300 

4,400 

1,660 

300 

16,100 

7,900 

3,800 

1,460 

900 

14,500 

9,250 

3,500 

1,290 

9,250 

13,100 

12,750 

3,500 

1,180 

5,150 

11,800 

12,100 

3,500 

1,020 

5,300 

10,600 

13,100 

3,300 

830 

9,500 
8,500 
7,700 

12,750 
11,200 

2,800 
2,350 

560 

310 

2,150 

95,400 

343,080 

514,370 

387,300 

151,100 

3,077 

12,250 

16,590 

12,910 

4,874 

189,200 

680,300 

1,020,000 

768,200 

299,700 

The  table  shows  one  flood  in  January,  two  in  February,  two  in  March,  and  one  large 
and  two  small  ones  in  April.  The  greatest  rate  of  flow  was  95,000  second-feet,  on  March  20. 
The  first  flood  in  February  is  more  characteristic  of  floods  on  this  stream  than  any  of  the 
others.  They  are  generally  of  short  duration,  the  rise  and  fall  being  very  rapid.  The 
long-continued  rains  of  this  period  gave  a  character  to  these  floods  not  unlike  that  of  streams 
in  the  eastern  part  of  the  country. 

The  total  run-off  for  the  five  months  is  2,957,400  acre-feet.  .To  appreciate  the  mag- 
nitude of  the  run-off  on  this  stream  during  this  period  it  is  necessary  to  remember  that 
this  stream  is  usually  dry  at  Ihis  place  about  ten  months  of  the  year. 
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The  stream  at  this  place  was  about  4  feet  higher  during  the  great  flood  of  FehiniarT. 
1891,  than  during  this  flood.  The  rate  of  flow  of  the  river  for  a  given  gage  height  chao^ 
greatly  at  this  station.  On  February  8,  1905,  the  rate  was  found  to  be  ^,000  secoDd-f^t^ 
for  a  gage  height  of  16.95  feet;  on  March  20  it  was  found  to  be  95.000  second-feet  far  a 
gage  height  of  13.1  feet  The  bi.'d  is  sandy  and  not  only  scours  out  during  a  flood  uA 
(ills  in  after  it,  but  the  channel  changes  from  one  side  of  the  bottom  to  the  r»ther.  Thf 
width  when  the  stream  is  flowing  is  generally  not  more  than  100  feet,  but  during  some  of 
these  floods  the  whole  bottom  was  flooded;  thousands  of  acres  of  land  that  were  covered 
with  arrowwood,  mesquite,  and  cottonwood  before  the  floods  are  now  part  of  the  rire: 
bed  or  bare  mud  flats.  This  continual  changing  of  the  river  bed  has  made  it  exceedingly 
difficult  to  secure  reliable  estimates  of  the  rate  of  flow,  and  some  of  the  estimates  maj  he 
largely  in  error. 

The  damage  done  by  the  floods  along  the  lower  Gila  consisted  mainly  in  washing  av^y 
large  areas  of  good  land  along  the  river,  some  of  which  was  under  cultivation. 


The  following  table  gives  the  monthly  and  total  flow  in  acre-feet,  January— April,  1906, 
at  four  of  the  gaging  stations  in  this  basin: 

Monthly  and  total  discharge  j  in  second-feet,  at  stations  in  Gila  River  hasin,  January-April ^  19C^. 


Stream. 

Place. 

January. 

Febni- 
ary. 

March. 

April-         Total. 

San  Francisco 

Alma,  N.  Mex 

17,340        43,870 
87,250  1     428.100 

79,260 

639,900 

940,800 

1,020,000 

72,830  '  213,300 
311,000      1,366,000 

Verde 

McDowell,  Ariz 

Salt 

Roosevelt,  Ariz 

99,060 
189,200 

455,800 
680,300 

746,800  2,2«>.0LI> 
768,200  1  2,658,tli' 

1 

Gila 

Dome,  Ariz 

The  flow  at  the  Arizona  dam  is  approximately  the  sum  of  the  volumes  of  flow  of  the 
Salt  at  Roosevelt  and  the  Verde  at  McDowell,  which  is  3,608,000  acre-feet.  The  loUl 
flow  at  this  place  is  about  1.36  times  the  volume  of  flow  for  the  same  period  at  Dome, 
near  the  mouth  of  the  Gila. 


COLORADO  RIVER  AT  YUMA,  ARIZ. 

The  gaging  station  at  Yuma  is  below  the  mouth  of  the  Gila,  and  the  records  there  shov 
the  combined  flow  of  the  Gila  and  upper  Colorado.  The  Hardyville  station  is  about  300 
miles  above  Yuma.  The  only  comparatively  large  stream  entering  between  these  stations 
is  Williams  River.  Along  the  Colorado  between  these  stations  there  are  from  200/X)0  to 
225,000  acres  of  lowlands  subject  to  overflow  during  floods.  ^  Overflow  of  these  lowlands 
begins  at  a  gage  height  of  about  24.5  feet, a  Yuma  gage.  The  Colorado  reached  a  stage 
of  24.85  feet  at  Yuma  (8  feet  Hardyville  gage)  on  May  23  and  remained  above  24.5  feet 
until  July  5.    These  lowlands  were  therefore  flooded  tor  about  forty-five  days. 

a  Second  Ann.  Kept.  U.  S.  Reclamation  Service,  p.  150. 
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nnie  following  table  gives  the  daily  rate  of  flow  of  the  Colorado  at  Yuma  from  January  1 
to  July  31,  1905: 

I>aUy  discharge,  in  seconcHeet,  of  Colorado  River  at  Yuma  for  the  period  January-Jvlyy  1905. 
Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean  run-off 

Per  square  mile. . 

Depth  in  inches.. 

Acre-feet 


January. 


3,750 
3,750 
3,800 
3,985 
4,300 
4,570 
4,700 
4,500 
4,170 
16,090 
6,400 
6,300 
6,350 
7,000 
8,370 
8,600 
20,100 
27,500 
19,300 
12,120 
9,300 
10, 170 
7,863 
•  7,900 
7,025 
6,770 
6,250 
5,730 
5,400 
5,070 
4,900 
8,130 
0.0361 
0.042 
499,900 


February. 


5,800 
6,054 
6,500 
6,632 
9,80Q 
16,560 
9,400 
62,080 
82,820 
52,580 
37,320 
29,700 
22,800 
21,900 
22,500 
18,610 
14,600 
16,490 
31,500 
47,000 
54,200 
54,730 
32,990 
21,990 
18,850 
30,500 
27,730 
25,000 


March. 


April. 


28,100 

0.125 

0.130 

1,561,000 


29,070 
39,260 
70, 170 
70,200 
51,100 
44,310 
44,100 
43,100 
36,400 
34,400 
38,620 
42,000 
38,870 
32,000 
36,720 
60,640 
65,820 
62,400 
73,440 
110,800 
103,500 
91,200 
76,930 
58,600 
43,050 
34,600 
31,020 
29,500 
26,900 
24,390 
23,500 
50,540 
0.225 
0.259 
3,108,000 


20,690 
20,100 
19,480 
19,450 
21,000 
30,100 
29,840 
25,800 
24,800 
24,900 
23,000 
26,100 
45,800 
93,800 
97,500 
70,100 
45,000 
43,600 
45,050 
43,400 
39,500 
35,900 
33,900 
31,690 
33,000 
37,160 
41,630 
39,000 
35,000 
38,700 
59,020 
37,830 
0.168 
0.187 
2,251,000 


May. 

41,520 
39,700 
39,700 
37,280 
37,100 
37,410 
38,000 
40,050 
46,000 
49,200 
52,000 
48,000 
38,840 
37,800 
37,300 
37,320 
37,000 
^,910 
34,200 
34,580 
35,700 
37,000 
38,400 
41,500 
43,700 
45,300 
47,600 
51,100 
54,810 
56,300 
59,020 
42,170  I 
0.  187 
0.216  I 
2,593,000  I 


June. 


61,500 
65,300 
68,160 
67,900 
67,600 
67,600 
69,500 
72,930 
70,300 
69,600 
71,000 
72,500 
76,000 
82,020 
82,000 
83,000 
86,000 
88,500 
94,320 
91,500 
92,400 
92,400 
89,800 
84,800 
82,000 
77,610 
73,500 
68,500 
64,370 
61,500 


July. 


76,470 
0.340  I 
0.379  1 
4,550,000  I 


57,800 
55,500 
50,640 
45,000 
44,950 
42,400 
40,100 
37,200 
35,500 
32,980 
32,100 
31,720 
30,870 
29,500 
27,710 
28,300 
31,100 
25,300 
22,320 
22,250 
22,000 
21.500 
20,900 
20,800 
20,650 
20,460 
19,700 
18.910 
17,200 
17,500 
16,760 
30,310 
0.135 
0.156 
1,864,000 


There  were  two  flood  periods  in  January— one  that  reached  a  rate  of  16.090  second-feet 
on  the  10th  and  one  that  reached  a  rate  of  27,500  second-feet  on  the  18th;  two  floods  in 
February— one  that  reached  a  rate  of  82,800  second-feet  on  the  9th  and  one  that  reached 
a  rate  of  54,730  aecond-feet  on  the  21st;  two  floods  in  March — one  that  reached  a  rate  of 
70,170  second-feet  on  the  4th  and  one  that  reached  a  rate  of  110,800  second-feet  on  the  20th; 
one  in  April,  that  reached  a  rate  of  97,500  second-feet;  one  in  May,  with  a  rate  of  52,000 
second-feet;  and  one  in  July,  with  a  maximum  rate  of  94,300  second-feet.  The  flood  in 
July  came  from  the  upper  Colorado;  all  the  others  came  from  the  Gila,  as  can  be  seen 
from  the  records  at  Dome  and  Hardyvilie.  The  daily  flow  at  this  station  for  this  period  is 
shown  on  flg.  8.  The  highest  stage  of  water  at  the  Yuma  gage  during  these  floods  was 
30.3  feet,  on  March  20,  when  the  rate  of  flow  was  110,800  second-feet  or  0.49  §econd-foot 
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per  square  mile.  The  highest  stage  of  water  at  the  Yuma  gage  during  the  greAt  flood  on 
the  Gila  in  1891  was  33.2  feet.  The  greatest  flow  from  the  Colorado  above  Yuma  was 
92,400  second-feet,  on  June  21. 
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Fig.  8.— Diagram  showing  flood  flow  of  Colorado  and  Olla  riven. 

The  flood  of  1903  oYi  the  Colorado  above  Y'uma  is  regarded  as  one  of  the  largest  recmdcd 
to  that  date.  In  the  following  table  the  monthly  run-off",  in  acre-feet,  during  the  floods  of 
1903  and  1905  arc  compared. 


COLORADO   RIVER   BA8IK. 
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The  following  table  gives  a  comparison  of  run-off  in  acre-feet  of  Colorado  River  at  Yuma 
during  the  floods  of  1903  and  1905: 

Flow  of  Colorado  River  at  Yuma,  Ariz,,  in  aare-feei,  during  Hoods  ofl90S  and  1906. 


Month. 


January. 
February 
Mareh... 

April 

May 


1903. 


189,935 
187,271 
376,120 
852,456 
2,074,284 


1905. 


499,900 
1,561,000 
3,108,000 
2.251,000 
2,593,000 


Month. 


June 

July 

Total 


1903. 


3,162,526 
2,304,494 


9,147,066 


1905. 


4,550,000 
1,864.000 


16,426,900 


The  run-off  for  these  seven  months  was  1 .8  times  greater  in  1905  than  in  1903. 
The  following  table  gives  the  greatest  daily  rate  of  flow  at  this  station  each  year  from 
1S94  to  1905: 

Maximum  daily  rate  of  flow,  in  second-feet,  of  Colorado  River  at  Tuma,  Ariz.,  1894-1905. a 


Year.6 


Date. 


1894 June  15. 

1895....    May  23.. 

1896 June 9.. 

1897 do.. 

1898 '  June  27. 

1899.... '  June 29. 
1900....'  June  10. 


1901.... 
1902.... 


Julyl.. 
May  26. 


Discharge. 

Year. 

34,700 

1903... 

35,550 

1904... 

38,100 

1905... 

55,300 

1905... 

33,100 

1905... 

62,700 

1905... 

54,400 

1905... 

63,450 

1905... 

50,200 

Date. 


June  28 

June  7 

February  9... 

March  20 

April  15 

May  31 

June  19 

November  30. 


Discharge. 


72,219 
61,170 
82,820 

110,800 
97.500 
59,000 
94,320 

102,700 


oThis  station  is  described  in  Water-Supply  and  Irrigation  Paper  No.  133. 
b  Discharge  prior  to  1902  was  obtained  from  the  station  rating  curve  of  190 


.25. 


The  valley  immediately  above  and  below  Yuma  contains  about  100,000  acres  of  irrigable 
land,  and  about  75,000  acres  were  covered  by  these  floods.  The  damage  done  by  the  floods 
in  the  Yuma  Valley  proper — that  portion  on  the  east  side  of  the  river  below  Yuma — was 
estimated  as  follows: 

Damage  done  in  Yuma  Valley  by  food  on  Colorado  River  in  1906. 

Crops 150,000 

Ditches,  small  levees  land  along  the  river,  etc 10,000 

Buildings 10,000 

Canals 10,000 


Toiai »0,000 


The  town  of  Yuma  is  well  protected  by  levees,  built  by  the  Government  after  the  great 
flood  of  the  Gila  in  1901. 
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FLOOD  IN  GILA  BASIN,  NOVEMBER,  1905. 

There  was  a  short  but  very  large  flood  in  the  Gila  from  November  27  to  December : 
The  rate  of  flow  and  damage  done  far  exceeded  that  during  the  spring  floods. 


PRECIPITATION. 

The  precipitation  for  the  month  of  November  in  Arizona,  as  determined  by  the  Unittd 
States  Weather  Bureau  at  56  stations,  was  nearly  4  inches  above  the  average  for  NovemUf. 
There  were  three  wet  periods,  one  from  the  4th  to  the  9th,  a  second  from  the  20th  to  thr 
23d,  and  the  third  from  the  26th  to  the  28th.  It  was  the  rain  of  the  third  period  that  caa><«-ti 
the  flood.  The  daily  precipitation  from  the  26th  to  the  28th  and  the  total  precipitation  ftir 
the  month  are  given  in  the  following  table  for  26  places  in  the  Gila  and  Little  Colorado 
drainage  basins: 

Daily  precipitation  in  GUa  and  Litde  Colorado  River  hasijis  Novernber  ^6-28^  1905,  in  inch** 


Placo. 


Jerome,  Arir , 

Prescott,  Ariz , 

Seligman,  Ariz 

Alma,  N.  Mex 

Young,  Ariz 

Alpine,  Ariz 

Fort  Apache,  Ariz 

Phoenix,  Ariz 

Doming,  N.  Mex 

Fort  Bayard,  N.  Mex. 

SanCarios,  Ariz 

Cambray,  N.  Mex 

Dudley ville,  Ariz 

Lordsburg,  N.  Mex  . . . 

Mesa,  Ariz 

Luna,  N.  Mex 

Buckeye,  Ariz 

Maricopa,  Ariz 

Yuma,  Ariz 

Roosevelt,  Ariz 

Benson,  Ariz 

Duncan,  Ariz 

Holbrook,  Ariz 

Kingman,  Ariz 

Flagstaff,  Ariz 

Tuba,  Ariz 


November. 


26. 


1.00 
1.62 
.82 


2.10 
.83 
1.45 
1.02 
.68 
1.30 
1.40 


.80 


1.24 
1.05 
1.10 
.89 
1.14 
Tr. 
.32 
.85 
1.01 
.48 
.98 
.12  I 


2.20 
1.90 
.61 
1.10 
1.16 
.26 
.45 
.49 
.01 
Tr. 
.20 
1.00 
.85 
.61 
.14 
.06 
1.02 
.58 


2.16 


.05 
.10 
.55 
1.74 
.76 


28, 


Sum. 


0.5C 

.61  ' 


Tr. 


Tr. 
.02  I 
.18  I 


.46 


.05  1 


.60  I 
.06  I 


Month  ••' 

'    NOVT'Tll- 


3.70  I 

4.13  I 
1.43  , 

1.10 
3.26 
1.09  ; 
1.90 
1.51 

.08 
1.30  , 
1.60  I 
1.00 
2.27  I 

.61  I 
1.38  I 
1.11 

2.14  I 
1.65 
I.  .4  I 
2.62 

.32  I 

.95 
1.11  I 
1.03 
3.32 

.94 
I 


4  vi 

\X 

f..D 
4.M 

3f: 

2.:: 
If*. 

4-N 


1." 

•xUl 

j.C»i 

iC 

2.44 
5l  21 

2.ft» 
3  s? 

I.N. 


It  can  be  seen  from  the  above  table  that  the  precipitation  at  the  headwaters  of  Gila,  Salt . 
and  Verde  rivers  was  from  2  to  4  inches  for  the  three  days,  November  26-28. 


ARIZONA:   GILA    BA8IK. 
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IXOW. 

The  following  table  gives  the  daily  rate  of  flow  of  Colorado  River  at  Yuma,  Gila  River  at 
Dome  and  Cliff,  the  Salt  at  Roosevelt,  and  the  Verde  at  McDowell  during  this  flood: 

Daily  discharge^  in  second-feet,  of  Colorado,  Oila,  Salt,  and  Verde  rivers  during  food  of  Novem- 
ber and  December,  1905. 


Date. 


November  26 
November  27 
November  28 
November  20 
November  30 
December  1 . . 
December  2.. 
Decembers.. 
December  4.. 
I>ecember5.. 
December  6.. 


R^t   'oilft  River 
Yum'.'   1  »*»»«"■• 

Ariz. 


Ariz.o 


6,580 
6,650 
24,500 
62,500 
102,700 
77,360 
37,160 
40,200 
35,000 
28,650 
23,300 


180 

480 

780 

95,000 

36,900 

30,700 

24,400 

18,200 

11,900 

5,700 

5,000 


Gila  River 
at  Cliff, 
N.  Mex. 

Salt  River 
at  Roose- 
velt, Ariz. 

Verde 

River  at 

McDowell, 

Colo. 

419 
13,640 
9,835 
6,700 
4,515 
3,190 
2,387 

2,160 
97,710 
45,250 
14,050 
9,480 
8,700 
4,700 

1,610 
61,460 
13,120 
5,520 
4,240 
3,280 
2,400 

a  The  stream  was  dry  at  this  place  from  July  20  to  September  13,  and  from  October  19  to  November 
13.  1905. 

Note.— Highest  stage  at  Yuma,  January- April,  1905,  was  30.3  feet  on  March  20. 

The  greatest  daily  rate  of-flow  of  the  Colorado  at  Yuma  during  this  flood  was  102,700 
second-feet,  only  about  8,000  second-feet  less  than  the  daily  rate  on  March  20,  1905. 

The  flow  of  the  Gila  at  Dome  reached  a  daily  rate  on  November  26  of  about  95,000 
second-feet,  the  same  as  on  March  20,  1905,  and  the  same  as  the  greatest  daily  rate  during 
spring  floods  on  this  stream. 

The  flow  of  Salt  River  at  Roosevelt  reached  a  daily  rate  of  97,710  second-feet  on  the 
27th,  which  is  more  than  twice  as  great  as  the  greatest  rate  of  flow  at  this  place  during 
the  spring  floods  of  1905.  The  water  at  this  place  rose  to  a  stage  of  35.8  feet — that  is, 
13  feet  above  that  on  April  13,  1905,  when  the  rate  of  flow  was  the  greatest  during  the 
spring  floods.  The  mean  daily  stage  on  November  27  was  26.7  feet — that  is,  about  9 
feet  less  than  the  maximum  stage  for  that  day.  The  maximum  rate  of  flow  on  the 'morn- 
ing of  the  27th  is  estimated  to  have  been  148,000  second-feet. 

The  greatest  daily  rate  of  flow  of  the  Verde  at  McDowell  was  61,460  second-feet  on  Novem- 
ber 27,  which  is  nearly  twice  as  great  as  the  greatest  daily  rate  reached  during  the  spring 
floods  of  1905. 

In  places  where  the  canyon  was  narrow  tlie  water  rose  to  a  height  of  40  feet  above  low 
water.  Verde  and  Tonto  rivers  reached  a  maximum  stage  earlier  than  Salt  River,  hence 
the  Salt  at  Phoenix  was  not  so  high  as  in  February,  1891,  but  indications  seem  to  show 
that  Salt  River  above  the  mouth  of  the  Tonto  was  higher  during  this  flood  than  at  any 
time  during  its  history. 

DAMAGE. 

The  damage  done  by  this  flood  on  Salt  River  was  very  great.  The  bridges  of  the  Gila 
Valley,  Globe  and  Northern  Railway  and  the  Maricopa,  Phoenix  and  Salt  River  Valley 
Railway  across  Gila  River  were  swept  away.  The  old  Southern  Pacific  Railway  bridge 
and  the  new  Santa  Fe  Railway  bridge  across  Salt  River  near  Tempe  and  the  approaches 
of  the  new  Southern  Pacific  Railway  bridge  at  Tempe  were  damaged.  The  Arizona  dam 
and  all  other  dams  on  Salt  River  were  swept  away.  The  water  rose  above  the  top  of  the 
head  gates  of  the  canal  and  greatly  damaged  the  banks  where  the  water  passed  back  into 
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the  riyer.  The  river  rose  4  feet  above  the  bridge  at  the  gaging  station  at  Roosevek  aod 
swept  it  away.  The  flume  and  the  cofferdam  of  the  Roosevelt  dam  were  swept  completed 
away,  and  the  Phoenix-Roosevelt  road  through  the  canyon  below  the  dam  was  badlj 
damaged. 

FLOOD  ON  LITTLE  COLORADO  RIVER  IN  NOVEMBER. 

The  excessive  precipitation  in  the  basin  of  the  Little  Colorado  River  November  26-28 
(see  p.  52)  produced  a  sudden  and  large  increase  in  the  flow  of  this  stream.  Hie  daihr 
gage  height  and  rate  of  flow  at  the  gaging  stations  at  Woodruff  and  Holbrook,  Ariz.,  are 
given  in  the  following  table: 

Flood  flow  ofLMe  Colorado  River  at  Woodruff  and  EoBrrook,  Ariz.,  November  26-SO,  2905. 


Woodrufl.  Arl£. 

Holbrook.  Arix. 

Date. 

Oage 
height. 

Dlschaige. 

heigEt. 

Diacfaaigp. 

November  26 

Feet. 
l.OC 
21.90 
7.76 
5.50 
2.00 

Sec-fett. 

33 

10,000 

2,960 

1,735 

85 

Feet. 
3.  SO 
8.55 
&75 
4.05 
3.80 

8ec.-ieet. 

November  27 

ao,i>n 

November  28 

7,35 

November  29 

I,OOD 

November  30 

2fiD 

. k.  __ 

It  is  seen  that  the  stage  at  Woodruff  rose  from  1  foot  on  the  26th  to  21.9  feet  on  the  27th 
and  the  rate  of  flow  from  33  second-feet  to  10,000  second-feet. 

At  Holbrook  the  rate  of  flow  increased  from  160  second-feet  to  20,180  seoond-feet  in 
twenty-four  hours. 

FLOW  OF  COLORADO  RIVER  INTO  SALTON  SINK. 

Salton  Sink  is  a  body  of  water  in  the  southern  part  of  California  about  90  miles  northwiest 
of  Yuma.  It  is  noted  for  the  fact  that  its  surface  is  about  290  feet  below  sea  level.  Imperial 
Valley,  in  which  it  is  located,  has  a  length  of  about  90  miles  and  an  area  below  aea  Wvcl 
of  about  1,000,000  acres.  Much  of  the  soil  of  this  valley  is  very  productive,  and  in  order 
to  irrigate  it  a  channel  was  excavated  from  Colorado  River  to  Alamo  River,  an  old  channrt 
leading  into  the  valley  from  a  point  just  north  of  the  California-Mexico  boundajy  fine. 
10  miles  below  Yuma.  This  canal,  which  passes  through  material  that  is  easily  eroded, 
was  left  without  head  gates.  It  had  a  low  grade  and  dredging  was  necessary  to  keep  it 
open.  In  October,  1904,  a  cut-off  channel  50  feet  wide  and  8  feet  deep  was  excavated 
in  Mexico  from  the  river  to  the  canal  to  procure  a  larger  volume  of  water  for  irrigation. 
The  floods  from  January  to  April,  1905,  scoured  the  canal  to  some  extent;  the  flood  of 
May  and  June  from  the  upper  Colorado  scoured  it  from  a  width  of  100  feet  to  a  width  of 
300  to  400  feet.  As  the  latter  flood  subsided  silt  was  deposited  in  the  river  channel  below 
the  canal  headings  and  gradually  closed  the  river  channel. 

The  average  fall  of  the  Colorado  from  Yuma  to  the  Gulf  of  California  is  about  1 .25  feet 
per  mile,  and  the  average  fall  from  the  Colorado  River  to  Salton  Sink  is  about  3  feet  per 
mile;  and  as  the  canal  passes  through  material  that  is  easily  eroded,  cutting  of  bed  and 
banks  took  place  rapidly.  On  June  30,  1905,  22  per  cent  of  the  river  flow  was  passing  into 
the  canal.  On  July  8,  67  per  cent  passed  into  the  canal,  and  October  25  the  whole  flow 
passed  into  the  canal.  In  Noveml>er  an  effort  was  made  to  turn  the  river  away  from  the 
canal  by  constructing  a  diversion  dam  of  brush,  piles,  and  gravel,  but  the  sudden  lai^^ 
November  flood  (p.  53)  swept  away  the  dam  and  greatly  widened  and  deepened  the 
cut-off  canal.  An  attempt  was  also  made  to  divert  the  flow  of  the  Alamo  canal  bark 
into  the  gulf  by  a  short  channel  to  Padrone  River,  which  flows  into  Volcano  Lake.  A 
dam  was  built  across  New  River  at  the  lower  end  of  this  lake  to  force  the  lake  to  discharge 
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to  the  southeast,  into  the  gulf,  instead  of  through  New  Kiver  into  Salton  Sink.  Padrone 
River,  however,  cut  a  new  channel  across  the  country  to  New  River,  and  thus  the  water 
passed  into  the  sink  Instead  of  into  the  gulf.  Near  the  close  of  1905  the  water  in  the  sink 
was  described  as  45  miles  long,  from  10  to  18  miles  wide,  and  23.5  feet  in  greatest  depth. 
It  is  reported  that  the  water  in  the  sink  rose  at  the  rate  of  one-half  to  three-fourths  of  an 
inch  a  day  and  during  the  larger  floods  at  the  rate  of  2  inches  a  day. 

The  works  of  the  New  Liverpool  Salt  Company,  located  on  the  shores  of  the  sink,  have 
been  drowned  out.  At  the  close  of  1905  the  water  was  up  to  the  roofs  of  the  buildings. 
The  Southern  Pacific  Railway  has  60  miles  of  main  line  and  40  miles  of  branch  lines  in  this 
valley  below  sea  level.  Up  to  February,  1906,  40  miles  of  new  track  had  been  laid  by 
this  company  50  feet  above  the  old  location.  It  is  said  that  $25,000  were  spent  on  the 
construction  of  the  diversion  dam  at  the  entrance  to  the  canal  that  was  swept  away  by 
the  November  flood. 

The  most  serious  danger  to  this  valley  is  that  before  the  river  is  controlled  the  eanal 
may  be  cut  so  deep  that  water  can  not  be  taken  from  it  to  the  irrigable  land  by  gravity. 

UNUSUAL  RATES  OF  RUN-OFF  IN  1905. 

The  following  unusual  rates  of  run-off  occurred  in  the  United  States  in  1905: 

Extraordinary  rates  Gfrun-ojfin  1906. 


Stream  and  place. 

Drainage 
area. 

Date. 

Maximum 
rate. 

Mill  Brook  near  Edmeston.  N.  Y 

Sq.  rnilet. 
9.4 
5.0 
3.4 
3.4 
46.0 

September  3-4 

September  3-4 

September  3 

Sec-feet. 
241 

Mad  Brook  near  Sherburne,  N.  Y 

262 

Starch  Factory  Creek  near  Uttca,  N.  Y 

209 

Do 

June  21 

190 

Six-Mile  Creek  near  Ithaca,  N.  Y 

June  21 

105 

FLOOD  DISCHARGE  AND  FREQUENCY  IN  THE  UNITED  STATES. 

IXTRODUCTION . 

Water-Supply  Paper  No.  147,  "Destructive  floods  in  the  United  States  in  1904/*  pages 
184-189,  gives  the  greatest  rate  of  flow  of  the  largest  recorded  flood  on  many  streams  in 
this  country.  The  following  pages  contain  data  on  the  daily  rate  of  flow  and  frequency 
of  all  the  larger  floods  on  some  streams.  Those  streams  are  selected  in  preference  to  others 
on  account  of  the  long  record  of  flood  observation  on  them.  The  periods  over  which  the 
flood  records  extend  vary  from  eleven  to  more  than  one  hundred  years.  The  source  of 
information  is  given  in  each  compilation;  when  no  statement  to  the  contrary  is  made, 
the  data  were  obtained  by  engineers  and  hydrographerg  of  the  United  States  Geological 
Survey. 

A  brief  description  of  each  drainage  basin  is  given,  especially  of  the  part  above  the 
gaging  station  where  the  data  were  obtained,  with  a  statement  of  the  features  that  influ- 
ence flood  flow.  Brief  notes  calling  attention  to  the  more  important  facts  shown  by  the 
data  are  also  presented. 

At  flood  flow  a  stream  usually  carries  much  drift,  overflows  its  banks,  and  changes 
height  rapidly,  so  that  it  is  very  difficult  to  measure  accurately  its  discharge  at  maximum 
stage.  Some  of  the  data  hero  given  are  computed  from  careful  measurements  made 
during  or  shortly  after  the  flood  and  some  are  computed  from  a  single  station  rating  curve, 
assuming  the  channel  conditions  to  have  been  fairly  constant  during  the  period  considered. 

Primarily  the  flood  flow  of  a  stream  depends  on — 

(1)  The  extent,  duration,  and  intensity  of  precipitation,  especially  the  intensity  in  the 
case  of  small  drainage  basins. 
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(2)  The  direction  of  motion  of  the  storm  causing  the  flood.  If  the  storm  moves  in  lb* 
direction  of  the  flow  of  the  stream  the  flow  will  be  greater  than  if  it  moves  in  the  opposite 
direction  or  across  it. 

(3)  The  amount  of  snow  on  the  ground  and  the  temperature  during  the  storm.  T^" 
large  floods  on  northern  streams  are  due  almost  entirely  to  the  rapid  melting  of  sn<>« 
When  the  ground  is  frozen  the  measured  run-oflf  is  occasionally  more  than  three  tunt> 
the  precipitation  during  the  month. 

(4)  The  storage,  both  natural  and  artificial,  in  the  drainage  basin.  In  some  iM^iri^ 
ground  storage  may  take  up  9  inches  of  precipitation.  Storage  extends  the  flood  perio^i 
and  reduces  the  maximum  rate  of  flow. 

(5)  The  size  of  the  drainage  basin.  Most  great  rainstorms  cover  comparatively  small 
areas,  so  that  a  big  storm  is  likely  to  cover  a  larger  part  of  a  small  drainage  hasin  than  of 
a  large  one.  The  maximum  rat«  of  dischai^e  per  square  mile  will  therefore  increas*"  ».•« 
the  size  of  the  drainage  basin  decreases. 

(6)  The  physiography  of  the  drainage  basin.  The  maximum  rate  of  flow  from  a  con.- 
paratively  long  and  narrow  basin  with  tributaries  entering  a  considerable  distance  apan 
will  be  less  than  from  a  basin  of  nearly  circular  shape  of  the  same  size  but  with  tributanis 
entering  the  main  stream  in  close  proximity.  Steep,  impervious,  deforested  slopes  of 
basin  and  steep  slope  of  stream  bed  cause  rapid  run-otf .  Narrow,  deep,  crooked  channe.^ 
of  small  slope  cause  sluggish  flow,  great  variations  in  stage,  and  frequent  overflow. 

Among  the  more  or  less  artificial  conditions  that  increase  the  flow  may  be  mentioned — 
(1)  controlled  storage;  (2)  deforestation  and  cultivation;  (3)  reduction  in  width  of 
channel  by  placing  the  abutments  of  bridges  in  the  stream ;  (4)  the  use  of  piers  that  pre- 
vent scour  of  bed,  collect  drift,  and  hold  back  a  part  of  the  flow  for  a  time,  causing  greatlv 
increased  flood  wave ;  (5)  the  formation  of  ice  gorges  and  the  failure  of  dams  and  reservoir 
walls. 

KENNEBEC  RIVER. 


Kennebec  River  is  the  outlet  of  Moosehead  Lake,  in  northwestern  Maine.  The  basin 
has  a  length  of  \50  miles,  a  width  of  50  to  80  miles,  and  an  area  of  6,330  square  miles.  lu 
upper  part  is  mountainous  and  thickly  forested;  its  lower  part  is  hilly  or  gently  rolling,  with 
grass-covered  slopes.  In  this  basin  are  360  square  miles  of  lake  storage,  controlled  mainly 
by  dams  at  the  outlet  of  each  lake.  This  stored  water  is  used  principally  for  log  driving. 
From  Moosehead  Lake  to  Augusta,  the  head  of  navigation,  a  distance  of  112  miles,  the 
stream  has  an  average  fall  of  9.1  feet  per  mile. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  the  HoUingsworth  & 
Whitney  Company's  dam  at  Waterville,  Me.,  during  the  greatest  annual  floods,  from  1893 
to  1904. 

Flood  flow  of  Kennebec  River  at  WatermUe,  Me.Jrom  1S9S  to  1904. 

[Drainage  area  above  this  gaging  .station,  4,380  square  miles.] 


Year. 


Date. 


I 


1893... 
1894... 
1805... 
189()... 
1896... 
1S0<)... 
1896... 
1897... 


May  18. . . 

April  23.. 
!  April  15. . 
I  March  1.. 
I  March  2. . 
'  March  3.. 
I  March  4. . 
I  Aprils... 


Discharge.", 

Year 

Sec.-ffet. 

83,500 

1898. 

35,280  1 

1899. 

86,200  ' 

1900. 

6,260  ' 

1901. 

111,200  1 

1902. 

52,690  t 

1903. 

24,810  1 

1904. 

66,900  1 

1 

Date. 


April  15. 
April  27. 
April  21. 
April  9.. 
March  4. 
March  20 
May  12. . 


Discharge's 

Scc.-frrt. 

5D,»li 

4'i,«n 

fi2,2» 
76,000 
54,340 
35,700 
37,  HO 


a  Data  fumishod  by  HoUingsworth  &  Wliitncy  Company. 
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The  largest  flood  in  these  fifteen  years  at  Waterville  occurred  on  March  2,  1806,  when 
the  rate  of  flow  for  the  day  was  111,200  second-feet,  or  25.2  second-feet  per  square  mile. 
The  rise  was  exceedingly  rapid,  the  discharge  increasing  from  about  6,000  to  111,000  second- 
feet  in  twenty-four  hours. 

The  greatest  flood  in  the  upper  part  of  this  basin  occurred  on  December  15,  1901.  At 
8  a.  m.  only  a  few  second-feet  of  water  were  flowing  over  the  dam  at  Madison,  Me.,  where 
the  drainage  area  is  2,850  square  miles.  At  midnight  the  depth  of  water  on  the  crest  of 
this  dam  was  14.5  feet  and  the  rate  of  flow  was  105,000  second-feet.  At  9  a.  m.  the  next 
day  the  water  surface  had  fallen  5.5  feet. 

The  large  floods  in  this  basin  all  occur  in  the  spring  or  winter  and  are  due  to  rain  and 
the  rapid  melting  of  the  winter  accumulations  of  snow.  The  summer  floods  are  small 
compared  with  the  spring  floods. 


AXDROSCOGGIK  BIVER. 

The  Androscoggin  is  the  outlet  of  the  Umbagog-Kangeley  lakes  in  western  Maine.  The 
basin  has  a  length  of  about  110  miles,  a  greatest  breadth  of  70  miles,  and  an  area  of  3,700 
square  miles.  The  upper  part  of  the  basin  is  mountainous,  broken,  and  thickly  forested; 
the  lower  part  is  hilly,  with  gr&ss-covered  or  cultivated  slopes.  There  are  148  lakes  in  the 
basin,  having  a  water-surface  area  of  312  square  miles — that  is,  about  one-twelfth  of  the 
basin  is  water  surface.  From  the  foot  of  Umbagog  Lake  to  the  foot  of  Rumford  Falls,  a 
distance  of  81  miles,  the  stream  falls  836  feet.  The  lakes  are  largely  controlled  by  dams 
and  the  storage  is  used  mainly  for  log  driving.  The  range  of  stage  at  Lewiston  near  the 
mouth  is  8  feet;  at  Bethel,  28  feet. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Rumford  Falls,  Me., 
during  the  greatest  annual  floods,  from  1893  to  1903: 

Flood  flow  of  Androscoggin  River  at  Rumford  Falls ^  Me.,  from  1893  to  1903. 
[Drainage  area  above  gaging  station,  2,320  square  miles.] 


Year. 


1803..., 
1894.... 
1895.... 
1896.... 
1897.... 
1808.... 


Date. 

Mayia 

April  21 

April  22 

April  17 

July  15 

April  25 


Discharge.^ 

Sec-feet. 
38,060 
22,230 
55,230 
27,390 
22,900 
16,750 


Year. 


1809.. 
1900.. 
1901.. 
1902.. 
1903.. 


Date. 


May  2.... 
May  20. . . 
April  22. . 
March  30. 
June  13. . . 


I 


Discharge.^ 

Sec.-feeL 
24,060 
24,530 
32,650 
18,490 
26,790 


a  Data  furnished  by  C.  A.  Mixer,  C.  E.,  resident  engineer  of  the  Rumford  Falls  Power  Company. 

The  greatest  flood  on  this  stream  at  this  place  in  these  twelve  years  occurred  April  22, 
1895.  The  greatest  daily  rate  of  flow  was  55,230  second-feet,  or  23.8  second-feet  per 
square  mile. 

The  larger  floods  in  this  basin  occur  in  the  spring  and  are  due  to  rain  and  the  rapid 
melting  of  snow.  As  a  rule,  the  floods  on  this  river  are  somewhat  less  in  magnitude  than 
those  on  the  Kennebec. 

MERRIMAC  RIVER. 

The  Merrimac  is  formed  by  the  union  of  the  Pemigewasset  and  the  Winnepesaukee  rivers 
at  Franklin,  N.  H.  The  basin  is  comparatively  long  and  narrow  and  has  an  area  of  4,916 
square  miles.  The  upper  part  is  mountainous,  broken,  and  forested;  the  central  part  is 
hilly  or  gently  rolling,  cultivated  and  pasture  lands;  the  lower  part  is  flat,  with  some 
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swamps.    There  are  in  this  basin  more  than  100  square  miles  of  controlled  storage.    Fran 
its  head  at  Franklin  Junction  to  its  mouth,  a  distance  of  110  miles,  the  river  falls  269  itn. 


Graflon 


NEW  HAMPSH 

MASSACHUSETTS 


Clinton 


Fig.  9.— Map  of  drainage  basin  of  Merrimac  River. 

A  large  part  of  this  total  fall  is  concentrated  at  six  places.    Along  the  stream  are  exten>n<' 
tracts  of  bottom  land,  which  are  subject  to  overflow  during  floods. 
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The  following  table  gives  the  daily  rate  of  flow  and  dates  of  occurrence  of  the  larger 
floods  since  1846  at  Liawrence,  Mass.: 

Flood  flow  of  Merrimac  River  at  Lawrence,  Mass.,  I846  to  190 J^.  a 
[Drainage  area,  4,553  square  miles.] 


Year. 


1S52... 
1890... 
1892... 
1893... 
1894... 
1895... 
1896... 
1897. . . 


Date. 


Spring  ft.. 
Spring  e, . 
October.. 

May 

May 

March 

April 

March : . . . 

July 

March  15. 
April  17.. 


Discharge.^ 


Sfc.-feel. 


31,450 
32,S00 
44,800 
27,900 
65,300 
82,150 
41,500 
36,000 
38,200 


Year. 


1900. 
1901. 
1901. 
1901. 
1901. 
1901. 
1901. 
1902. 
1903. 
1904. 


Date. 


Discharge.a 


February  15. 

April  7 

AprUS. 

April9 

April  10 

April  11 

April  12 

March  4 

March  13 

Mayl 


Sec. 


-feet. 

52,990 

33,950 

61,200 

62,510 

48,760 

38,020 

31,460 

61,190 

45,470 

46,340 


a  Data  furnished  by  R.  A.  Hale,  engineer,  Essex  Water  Power  Company, 
b  Largest  flood  in  recollection  of  inhabitants. 
c  stage  was  0.8  foot  lower  than  in  1896. 

The  greatest  flood  since  1846  occurred  March,  1896.  On  March  3  the  stage  at  Lawrence 
was  25  feet  above  low  water,  and  the  maximum  rate  was  82,150  second-feet,  or  18  second- 
feet  per  square  mile.  This  was  the  spring  flood  and  was  largely  due  to  rapid  melting  of 
snow.  The  floods  due  to  rain  alone  are  scarcely  half  the  magnitude  of  the  spring  floods. 
The  spring  floods  generally  last  from  one  to  two  weeks. 


IRR  162—06- 
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COXNECTICUT  RIVER. 

Connecticut  River  has  its  source  in  Connecticut  Lake  in  northern  New  Hampshire.  It 
falls  from  an  elevation  of  1,618  feet  to  nearly  sea  level  at  Hartford  in  a  distance  of  about 
312  miles.  The  basin,  shown  in  fig.  10,  is  long  and  narrow  and  has  an  area  of  10,924  square 
miles.    The  upper  part  is  mountainous,  with  some  forest  area;  the  middle  and  lower 
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Fig.  10— Map  of  drainage  basin  ot  ('onneciieut  Hivcr. 

parts  are  hilly  or  rolling — grass  covered  or  cultivated.  The  river  receives  the  wat-er  of  auuiv 
small  tributaries  and  a  small  amount  from  lake  storage.  Above  Bellows  Falls  the  stream 
has  numerous  shoals  and  rapids;  below  this  place  its  descent  is  much  slower  and  is  broken 
by  rapids  at  only  three  places. 
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The  following  table  gives  the  daily  rate  of  flow  and  date  of  occurrence  of  the  lai^ge  floods 
on  this  stream  at  Hartford,  Conn.,  since  1801 : 

Flood  fiofw  of  Connecticut  River  at  Hartford,  Conn.,  1801-1904. 
[Drainage  area,  10,234  square  miles.    Danger  line,  13  feet  gage  height.] 


Year; 


1801. 
1841. 
1843. 
1847. 
18a0. 
1852. 
1S53. 
1854. 
1856. 
1850. 
1861. 
1862. 
1865. 
1866. 
1867. 
1868. 
1869. 
1869. 
1870. 
1870. 
1873. 
1874. 
1876. 
1877. 


Month.  'hri|6?.«^»«^harge.6 


April 

May 

April 

November. 

May 

August 

March 

April 

April 

March 

February.. 

AprU 

March 

April 

October 

February.. 

April 

April 

January . . . 

April 

March 


Feet.  \ 
27.5 
26.3 
27.2 
21.0 
'20.8 
23.1 
20.5 
29.8 
23.3 
26.4 
21.5 
28.7 
24.8 
20.5 
20.0 
21.5 
26.7 
26.3 
21.3 
25.3 
21.0 
23.9 
21.9 
22.9 


Sec-feet. 
178,400 
164,700 
175,000 
109,800 
108,100 
129,800 
105,400 
205,200 
131,900 
165,900 
114,400 
192,300 
147,800 
105,400 
101,100 
114,400 
169,300 
164,700 
112,600 
153,400 
109.800 
138.200 
118,200 
127,800 


Year. 


Month. 


1878. 
1879.: 
1884. 
1886. 
1887.; 


1890. 
1891. 
1892. 
1893. 
1894. 
1805. 
1896. 
1807. 
1896. 
1899. 
1900. 
1900. 
1901. 
1902. 
1903. 
1904. 
1905. 


December 

May 

April 

May 

April 

April 

November  30., 

October  26 

April  17 

June  16 

May6 

April  25 

April  16 

March  3 

July  16 

March  22 

April  27 

February  15.. 

April  22 

April  25 

March  4 

March  25 

April  30 

March  31 


hd|K.«'l>"«ha,«e.» 


Feet. 
23.9 
21.4 
21.5 
21.8 
22.5 
19.4 
15.6 
16.0 
19.8 
18.3 
24.0 
13.8 
25.7 
26.5 
20.8 
21.2 

<'22.0 
23.4 
22.8 
22.7 
25.5 
23.4 
21.4 
22.8 


Sec-feet. 
138,200 
113,500 
114,400 
117,200 
124,000 
96,060 
68,140 
70,700 
99,420 
87,100 
139,200 


157,900 
167,000 
106,100 
110,700 
119,100 
133,000 
126,900 
125,900 
155,600 
133,000 
113,500 
126,900 


o  Furnished  by  Edwin  D wight  Gravus,  chief  engineer  Connecticut  River  bridge  and  highway  district. 
^  Computed  from  rating  table  prepared  by  T.  G   Ellis,  C,  E.,  Report  Chief  of  Engineers  U.  S.  Army, 
1875,  pt.  2,  p.  364. 

c  From  April  16  to  April  31  the  stage  did  not  fall  below  20  feet. 

The  flood  of  May,  1854,  was  the  largest  in  more  than  a  century,  and  reached  a  stage  of 
29.8  feet  above  low  water  at  Hartford,  Conn.  The  daily  rate  was  205,460  second-feet, 
or  20  second-feet  per  square  mile. 

The  flood  of  April,  1862,  was  the  largest  at  Holyoke,  Mass.,  and  gave  a  discharge  of 
162,000  second-feet,  or  18.7  second-feet  per  square  mile. 

The  largest  flood  that  was  due  entirely  to  rain  occurred  in  Octobci ,  1869.  The  maximum 
daily  rate  of  flow  was  16.5  second-feet  per  square  mile.  High  stages  in  the  spring  some- 
times last  for  two  or  more  weeks. 

HUDSON   RIVER. 

The  drainage  basin  of  Hudson  River  above  the  gaging  station  at  Mechanicsviile,  N.  Y., 
comprises  4,500  square  miles.  It  is  mountainous,  with  considerable  lake  storage  and 
forest  area. 

Serious  flood  conditions  exist  in  a  stretch  of  the  river  extending  for  30  miles  below  Albany. 
Here  the  channel  is  shallow,  narrow,  and  cioolced,  and  there  is  a  tidal  action  and  a  large 
inflow  from  the  Mohawk.  The  tidal  action  prevents  the  lapid  passing  out  of. ice,  and  aids 
in  the  loimation  of  ice  dams.  Floods  due  to  ice  come  with  but  little  warning  at  any  time 
from  Decern t)er  to  April. 
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The  following  table  gives  the  rate  of  flow  and  date  of  occurrence  of  each  of  the  l&rg^  floods 
at  Mechanicsvillc,  N.  Y.,  since  1869: 

Flood  flow  of  Hudson  River  at  MechanicsviUe,  N.  Y.,  1869-190J^.a, 
[Drainage  an»a,  4,500  square  niilea.    Danger  line,  9.0  feet  gage  height.] 


Year. 


[806. 
[806. 


000.. 
1901. 


Date. 


Spring 

April  18.... 
November  7 
March  14... 

April  26 

April  23. . . . 
.\prll23.... 


Discharge 

Year. 

Stc.-feetb 

70,000 

1902... 

42,620 

1903... 

24,&50 

1903... 

39,230 

1903... 

41,480 

1903... 

43,550 

1903... 

54,860 

1903... 

Date. 


March  3. 
March  23 
March  24 
March  25 
March  26 
March  27 
March  28 


Diac-harip^- 

Sec.-feti. 
41.3*' 
42.9.0 
54.  «• 

50,MLi 
41,.VCj 
32.93Li 


«Data  furnished  by  the  Duncan  Company,  R.  P.  BIoss,  engineer. 
*>  Hydrology  of  the  State  of  Now  York,  1905,  p.  467. 

The  largest  flood  in  these  thirty-five  years  was  in  the  spring  of  1869,  when  the  discharge 
was  70,000  second-feet,  or  15.6  second-feet  per  square  mile.  The  large  floods  ail  occur  in 
the  spring,  and  are  due  to  rapid  melting  of  the  winter  accumulation  of  snow  with  rain. 

GENESEE  UIVEU. 

Genesee  River  rises  in  northern  Pennsylvania,  flows  northward  across  New  York  State, 
and  empties  into  Lake  Ontario.  Its  basin  is  108  miles  long,  22  miles  wide,  and  comprise? 
2,400  square  miles.  The  catchment  area  above  Mount  Morris  has  steep  slopes  with  bcavv 
and  impervious  soil  and  little  wooded  area.  In  the  catchment  area  below  Mount  Morris 
there  are  from  60  to  80  square  miles  of  flats  subject  to  overflow.  These  flats  act  as  a  rejicr- 
voir,  decreasing  to  a  marked  degree  the  maximum  rate  of  flow  at  Rochester.  Near  Portage 
the  river  passes  through  a  narrow  canyon  and  has  a  fall  of  330  feet,  nearly  all  of  which  is 
at  Portage  Falls. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Rochester,  N.  Y.,  of  the 
large  floods  from  1785  to  1904,  and  the  date  of  occurrence  of  each: 

Flood  flow  of  Genesee  River  at  Rochester,  N.  Y.,  1786-1904.a 
[Drainage  area,  2,428  square  miles.] 


Year. 


1785 

1835..  Octolier... 

1857..  February. 

1865..  March 

1867..!  February. I 

1873..'  March 

1875..,  March.... I 

1879.. I  March.... 

18K)..  June 1 

1890.. I  Septenil)er^ 

1893..'  March....' 


Place. 


Rochester I 

Rochester i 

Rochester ' 

Rochester ' 

Rochester 

Rochester I 

Rochester 

Rochester 

Rochester 

Mount  Morris.' 
Mount  Morris. 


Discharge. 

Year. 

Date. 

Place. 

Dischaifnf*. 

Second-feet. 

Second-fret. 

40,000 

1894.    May  18.... 

Mount  Morris.. 

fiiw 

36,000  ' 

1894.    May  19.... 

Mount  Morris.. 

5.  VV 

30,000-35,000 

1894.,  May  30.... 

Mount  Morris.. 

16,iM> 

45,000-54,000 

1894.'  May  21.... 

Mount  Morris.. 

42.  on* 

20,000-25,000 

1894.    May  22.... 

Mount  Morris.. 

2R,Vtt* 

30,000-35,000  , 

1894. i  May  23.... 

Mount  Morris.. 

15/..V' 

30,000-35,000 

1894.;  May  24.... 

Mount  Morris.. 

7.W' 

20,000  1 

1896.,  April 

Rochester 

33,000-9fi.U(r 

20,000 

1902.    Mart!h.... 

Rochester 

•35,000 -."K.ill* 

^,000 

1902. 1  July 

Portage 

40, 000-50.  la- 

30,000 

1903. 

April  5. . . . 

Rochester 

i^>r 

oReport  of  special  coniraitt4»c  on  flood  conditions  in  the  Genesee  River  affecting  the  citj'  of  Rocbcsitr. 
N.  Y.,  1904. 
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The  greatest  rate  of  flow  during  this  period  at  Rochester  was  during  the  flood  of  March, 
1865,  when  the  rate  per  square  mile  of  drainage  was  19  to  22  second-feet.  This  was  a 
spring  flood  and  was  due  largely  to  the  rapid  melting  of  snow. 

The  flood  of  May,  1894,  which  gave  a  maximum  rate  at  Mount  Morris  of  42,000  second- 
feet,  gave  a  maximum  rate  of  only  20,000  to  21,000  second-feet  at  Rochester. 

The  flood  of  July  5-9, 1902,  was  without  precedent  in  the  high  stage  of  water  for  the  time 
of  year  and  the  damage  done.  The  ground  was  saturated  at  the  time.  The  precipitation  for 
Jime  and  July  was  more  than  12  inches  over  half  of  New  York  State  and  18  inches  at  some 
stations  in  this  basin. 

PAS8AIC  RIVER. 

The  topography  of  this  watershed  has  a  marked  effect  on  the  flood  flow  of  the  stream 
and  on  the  damage  resulting  from  overflows.  The  watershed  is  fan  shaped,  consisting  of  a 
large  central  basin  with  a  narrow  outlet.  The  length  of  the  stream  from  source  to  mouth  is 
only  27  miles,  but  the  length  by  river  is  83.  The  total  drainage  area  is  949  square  miles,  the 
area  above  Little  Falls,  the  outlet  of  the  central  basin,  is  772.9  square  miles.  All  the  impoi^ 
tant  tributaries  except  one  drain  highland  areas  having  steep,  nearly  impervious  slopes  and 
empty  into  the  central  basin.  This  basin  is  8  to  12  miles  wide,  32  miles  long,  and  contains 
29,300  acres.  Much  of  it  is  marshy  or  wet  land,  flooded  during  ordinary  freshets.  As  the 
outlet  of  this  basin  is  too  small  to  allow  free  flow  from  it,  the  water  is  held  back  for  a  time 
and  the  duration  of  each  flood  is  increased. 

The  fall  from  this  outlet  to  the  ocean  is  mainly  concentrated  at  three  places,  leaving  little 
fall  between.     The  channel  cross  section  in  part  of  the  lower  reach  is  also  small. 

The  following  table  gives  the  daily  rate  of  the  flow  of  this  stream  at  Dundee  dam  during 
the  lai^  floods  from  1877  to  1903  and  the  date  of  occurrence  of  each : 

Flood  flow  of  Passaic  Rix^r  at  Dundee  danij  New  Jersey  f  1877-1003. 
[Drainage  area,  822.7  square  miles.] 

Dura- 


Year. 


1877 
1878 
1882 
1886 
1886 
1888 


Date. 


mt^hk".!i!?    tionin  jYear. 
discharge,    j^^^^^ 


March  29 

S6pteml)er  12. 
September  25. 
February  14. . 

Aprils 

February  3.  - . 
September  21. 


Sec-feet. 
10,780 
16,590 
18,260 
12,450 
10,420 
11,880 
11,130 


1889 
1891 
1893 
1893 
1902 
1903 


Date. 


April  29  . . . 
January  24 
March  14  . . 
March  6  ... 
March  2  ... 
October  10 


I  Dura- 


Maximum 


Sec-feet. 
10,970 
11,700 
11,220 
11,160 
24,800 
35,000 


66 
60 
69 
72 
270 
225 


Note.— Records  for  years  preceding  1902  are  from  Report  Geol.  Survey,  New  Jersey,  1894,  vol.  3. 
p.  53;  records  for  1902  and  1903  are  from  Water-Supply  and  Irrigation  Paper  U.  S.  Geological  Survey 
No.  92,  p.  19. 

The  largest  spring  flood  during  this  period  occurred  from  Febniary  27  to  March  6, 1902.o 
The  maximum  rate  of  flow  was  30.2  second-fcot  per  square  mile.  This  flood  was  due  to 
melting  snow,  accompanied  by  rain  on  frozen  ground. 

The  largest  flood  due  to  rain  alone  occurred  October  7-10, 1903,&  when  the  miximum  rate 
of  flow  was  43.4  second-feet  per  square  mile — that  is,  44  per  cent  greater  than  that  of  March 
2,  1902.  The  precipitation  for  the  three  days  October  8-11  over  this  watershed  was  11.74 
inches.  The  precipitation  during  the  preceding  months  was  above  the  normal,  so  that  the 
ground  and  surface  reservoirs  could  absorb  only  a  small  part  of  the  water  that  fell  during  the 
storm. 


a  This  floo<l  and  the  damage  wrought  by  it  is  treated  in  Watcr-Supply  and  Irrigntion  Paper  No.  88. 
fr  This  flood  and  the  damage  wrought  by  It  is  treated  in  Water-Supply  and  Irrigation  Paper  No.  Vz. 


64 


DESTRUCTIVE    FLOODS    IN    UNITED    STATES   IN    1905. 


RARITAN  RIVER. 

The  Raritan  is  the  largest  river  of  New  Jersey.  Its  basin  is  long  and  narrow  and  corn- 
prises  an  area  of  1,105  square  miles.  The  upper  part  is  mountainous  and  has  a  rapid  run-td 
The  lower  part  is  hilly  or  rolling  with  grass-covered  or  cultivated  slopes.  Less  than  13  p?? 
cent  of  the  whole  area  is  forested.  The  topography  of  this  basin  is  very  different  from  tbii 
of  the  Passaic,  which  lies  just  north  of  it.  The  rain  falling  on  all  parts  of  the  basin  runs  oti 
quickly,  so  that  the  floods  are  shorter  than  in  the  Passaic  and  inflict  less  damage. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  during  the  large  floods  in»ni 
1810  to  1905,  and  the  date  of  occurrence  of  each: 

Flood  Jlow  of  Raritan  River  at  New  Brunswick  and  Boundhrook^  N,  J. a 
[Drainage  area  above  Boundbrook,  806  square  miles.] 


Year. 


1810 
1865 
1874 
1882 


1886 
1887 
1889 
1903 


Date. 


November  24 

July  17 

September  18. 
September  22. 
September  2Z. 
September  24. 
September  25, 
February  12. 
February  23. 
November  28 

Octobers 

October  9 


Discharge. 'I  Year. 


Sec. -feet. 


<I7,000 
d  35,500 
d 52, 000 

d  7,000 


1904 


1905 


820  I 
14.900  I 


Date. 


I     Ga« 
I   height. 


DischAfp. 


October  10 

October  11 

October  12 

October  13 

February  22. .. 
September  15. . 
September  16.. 

January  7 

January  8 

March  9 

March  10 

March  11 


Feet. 

'12.0 

«6.5 

«5.2 

'3.5 

9.5 

10.1 

5.5 

10.4 

5.7 

6l0 

7.4 

5.7 


Sec.-ftf. 

ic:.<4i 
7.Vi* 

19  V*. 


9.  '-*X 


a  A  description  of  this  station  is  given  in  Water-Supply  and  Irrigation  Taper  No.  97,  p.  238, 

h  Not  as  great  as  in  September,  1882. 

f  At  Boundbrook  dam. 

d  Geological  Survey,  New  Jersey,  1894,  vol.  3,  p.  213. 

«  U.  S.  Geological  Survey  gaging  station,  Boundbrook,  N.  J. 

There  were  four  great  floods  in  these  ninety-five  years.  That  of  September  24,  1.SS2, 
which  had  a  maximum  discharge  at  Boundbrook  of  52,000  second-feet,  or  64.5  second-ie»*i 
per  square  mile,  was  probably  the  largest  during  this  period.  It  was  due  to  a  long,  bea\} 
rain.     During  four  days  12  inches  of  rain  fell  over  this  basin. 

During  the  great  flood  in  the  Passaic  River  basin  in  October,  1903,  the  maximum  rate  of 
flow  of  the  Raritan  at  Boundbrook  was  only  28,500  second-feet,  or  35.3  second-feet  pi  r 
square  mile. 

DELAWARE   RIVER. 

The  Delaware  rises  in  the  southeastern  part  of  New  York  State,  on  a  plateau  that  stan4i> 
1,800  to  1,900  feet  above  sea  level,  flows  in  a  general  southerly  direction  a  distance  of  4Ui 
miles,  and  empties  into  Delaware  Bay  (see  PI.  111).  From  its  source  to  Trenton,  N.  J..  & 
distance  of  280  miles,  its  average  fall  is  6.7  feet  per  mile.  The  basin  is  long  and  narrow, 
with  steep  slopes  and  little  surface  storage  above  Lambertville,  N.  J.  The  topographic 
features  all  favor  a  rapid  run-off,  hence  the  stream  is  subject  to  great  and  sudden  fluctua- 
tions of  flow. 


U.   S.  GEOLOGICAL    SURVEY 


WATER-SUPPLY    PAPER    NO.    162      PL.   Ill 


/'^^# 


DRAINAGE  BASIN   OF   DELAWARE  RIVER. 
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The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  or  near  Lambertville,  N.  J., 
of  the  large  floods  from  1786  to  1905. 

Flood  flow  of  Delaware  Rii^r  at  LambertviUe,  N.  J. a 
[Drainage  area,  6,855  square  miles.] 


Year. 

Date. 

Gage 
heigh  i.b 

Discharge. 

Year. 

Feel. 

Second-feet. 

1786 

October  6 

16.0 

175,000 

1902 

1801 

14.0 

140,000-160,000  , 
115,000  1 
115,000  1 

140,000-150,000  , 

1814 

14.0 

laxi 

March 

12.0 

1836 

April 

14.5 

1839 

April 

14.6 

140,000-150,000  ' 

1841 

January  8 

"    20.0 

254,600 

1903 

1843 

October  13 

14  0 

140,000-150,000 

1846 

March  15 

17.6 

207,000 

1862 

June8 

223,600 

1890 

Novembers.. .' 

50,200 

1891 

January 

109. IDU 

189V 

March? 

9.7 

63,.i60  1 

1900 

February  14. .. 

11.4 

81,070 

March  2. 

12.0 

87,250 

1901 

March  22 

10.5 

71,800 

1904 

December  16... 

18.  y 

158, 300 

1902 

March  1 

18.2 

151,100 

March  2. 

20.2 

171,700 

1905 

Date. 

Gage 
height.6 

Discharge. 

Feet. 

Second-feet. 

March  3 

16.4 

132,600 

March  4 

12.5 

^,450 

March  5    .. 

9.4 

60, 470 
77,980 

March  14 

11.1 

March  15 

10.2 

68,710 

March  18 

11.8 

85.190 

March  1 

13.6 

103,700 

March  2 

12.9 

96,520 

March  24 

12.7 

94,460 

March  25. 

12.4 

91,370 

October  9 

9.4 

60,470 

October  10.... 

20  2 

171,700 

October  11.... 

207 

176,900 

October  12 

12.7 

94,460 

October  13 

9.9 

65,620 

February  21... 

clO.O 

February  22... 
February  23... 
March  28 

c  15  1 

f  13.5 
11.9 

86,220 

aThis  Station  is  described  m  Water-Supply  and  lirigation  Paper  U.  S.  Geological  Survey,  No.  97 
p.  249. 

»  Heights  given  for  1786  to  1846  arc  heights  al)ove  low  water.  See  Rept.  New  Jersey  Geol.  Survev  for 
1894.  vol.  3,  p.  235;  and  Rept.  oi  Chiei  Engineer  U.  S.  Army.  lor  1873.  App.  U,  p.  IV.  Discharges  have 
been  computed  from  tnegage  heignth given. 

c  Duo  to  ice  gorge. 

According  to  these  records  the  largest  flood  on  this  stream  since  1786  occurred  January  8, 
1841,  during  which  the  rate  oi  flow  was  254,600  second-leet,  or  37.1  second-feet  per  square 
mile.  The  largest  in  recent  years  was  the  great  flood  of  October,  1903,  the  rate  on  the  11th 
being  176,900  second-feet,  or  25.8  second-ieet  per  square  mile.  The  storm  that  produced 
the  flood  on  this  stream  caused  an  unprecedented  flood  on  the  Passaic  River. a 


a  Water-Sup.  and  Irr.  Paper  No.  92,  (J.  S.  Geological  Survey.  1904. 
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SUSQUEHANNA  RIVER. 

The  Susquehanna,  the  largest  river  on  the  Atlantic  slope,  rises  in  Otsego  Lake,  New  York, 
at  an  elevation  of  about  l,ld3  feet  above  sea  level.  It  falls  this  height  in  422  miicsi,  bui  its 
fall  per  mile,  unlike  that  of  most  streams,  is  greater  in  the  43  miles  just  above  its  mouth  than 
in  any.  other  part  of  its  course.     I n  these  43  miles  it  f al Is  231  feet. 


Fig.  U.— Map  of  drainage  basin  ( T  Susquehanna  River. 

The  basin  is  fan  shaped,  being  nearly  as  broad  as  it  is  long,  and  has  an  area  of  27,n0i) 
square  miles.  Its  topography  is  extremely  varied  in  character.  The  upper  part  is  a  pla- 
teau— a  rolling  country  with  moderately  rapid  run-off.  Nearly  all  the  remainder  is  moun- 
tainous, with  steep  slopes,  little  forest  area,  little  surface  storage,  and  comparatively  litt!e 
ground  storage.  Spring  freshets,  due  to  the  rapid  melting  of  the  winter's  snow  and  to  ice 
gorges  in  the  streams,  are  of  frequent  occurrence. 
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-  The  following  table  gives  the  daily  rate  of  flow  at  Harrisburg  during  the  large  floods  that 
have  OCX  iirred  from  1865  to  1905,  and  the  date  of  each: 

Flood  JUno  of  Susquehanna  River  at  Harrisburg ^  Pa.j  18()5-1905.a 
[Drainage  area,  24,030  square  miles.    Danger  line,  17  feet  gage  height.] 

Year.' 


1889 


1801 


1893 


Date. 

Gage 
lieight. 

March 

Feet. 

June 

February  18 

14.3 
19.0 

February  19 

February  20 

17.8 

February  21 

13.3 

May  4 

G.8 
10.2 
16.5 

May  5 

May  6 

May  7 

14.6 

May  21 

16.3 

May  22 

25.6 
21.4 
15.3 
10.9 

May  23 

May24 

March  23 

March  24 

15.6 

March  25 

15.3 

March  26 

11.7 

December  15     ... 

9.3 

December  16 

21.4 

Year. 

Date. 

Gage 
height. 

Feet. 

Discharge. 

Sec-feet. 

1901 

December  17 

18.6 
14.2 

323,380 

DeoenibcrlS 

215,720 

1  December  19 

9.8 

134,900 

1902     February  28 

9.7 

133,150 
371,950 

1  Marchl 

20.3 

1 

March  2 

23.9 

483,760 

March  3 

23.3 

464,320 

March  4 

21.4 

404,800 

March  5 

16.3 

262,240 

March  0 

12.3 

179,960 

1903 

Marchl 

13.4 

200,600 

March  2 

16.8 

275,200 

March  3 

14.5 

221,300 

1904 

March  5 

M28.0 

141,100 

March  6 

c  128.0 

141,100 

March  7 

C126.4 

118,500 

March  8 

M46,6 

(2  300,000 

March  9 

C130.2 

176,500 

March  10 

C130.4 

180,700 
192,000 

March  11 

C130.9 

1905 

March  21 

15.7 

283,700 

a  For  description  ol  gaging  station  and  station  rating  table  see  Water-Sup.  and  Irr.  Paper  No  109, 
pp.  104  and  115. 

b  Approximately  the  same  as  during  flood  of  June,  1889. 

c  At  AlcCall  Ferry.    Above  sea  level. 

d  \pproximato  maximum  discharge,  631,000  second-fret. 

Four  very  large  floods  have  occurred  during  this  period.  Two  of  these  occurred  in  March 
and  were  due  to  rapid  melting  of  snow  and  to  ice  gorges,  and  two  occurred  later  in  the  year 
and  were  due  to  rainfall  alone.  The  flood  of  June,  1889,  was  the  largest  arid  had  a  maximum 
rate  of  from  28  to  30.6  second-feet  per  square  mile  at  Harrisburg.  The  storm  causing  this 
flood  lasted  about  thirty-four  hours.     During  this  time  from  4  inches  to  9  inches  of  rain  fell.o 

This  flood  reached  a  stage  of  33.5  feet  above  low  water  at  Williamsport,  on  the  West 
Branch.     The  highest  stage  at  this  place  during  the  flood  of  1865  was  27  feet. 

This  flood  was  very  large  on  Chemung  River,  a  northern  tributary  of  the  Susquehanna. 
The  maximum  rate  of  flow  at  Elmira  on  June  1  from  2,055  square  miles  was  67  second-feet 
per  square  mile.^ 

The  flood  of  March,  1904,  is  described  in  Water-Supply  Paper  No.  147,  pages  22  to  32. 

POTOMAC  RIVER. 

The  Potomac  is  formed  by  the  union  of  its  north  and  south  branches  15  miles  below  Cum- 
l>erland,  Md.  From  Cumberland  to  Georgetown  the  river  falls  610  feet  in  185  miles.  The 
basin  is  long  and  comparatively  narrow  and  has  an  area  of  14,500  .square  miles.  The  basins 
of  both  branches  of  the  Shenandoah,  its  principal  tributary,  are  also  long  and  narrow.  The 
greater  part  of  the  Potomac  basin  is  mountainous,  with  steep,  nearly  impervious  slopes,  little 
forest  area,  and  no  surface  storage.  All  the  topographic  features  favor  rapid  run-off;  hence 
floods  are  frequent,  sudden,  and  large.  The  valley  of  the  Shenandoah  is  somewhat  broader 
than  that  of  the  Potomac,  and  the  range  of  surface  fluctuation  of  the  stream  is  not  so  great. 

a  Rept.  Chief  Engr,  U.S.  Army.  1891.  p  1105.    Also  Kng.  News,  vol.21,  p..'i2S. 

6  Report  ol  Francis  Coilingwood  on  '•  Protection  of  liimira,  N .  Y    against  floods  " 
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The  following  table  gives  the  daily  rate  of  flow  of  this  stream  during  the  large  floods  froc 
1889  to  1905  and  the  date  of  occurrence  of  each : 

Flood  jUm  of  Potomac  River  at  Point  of  Rocks,  Md.,  1889-1905. a 
[Drainage  area,9,G50  square  miles.] 


Year, 


1877 


1897 


1898 


1901 


Date. 


June  2 

March  3 

September  30. . 

October  1 

October  2 

February  22. . . 
February  23.. 
February  24.. 
February  25.. 

May  3 

May  4 

May  5 

May  14 

May  15 

May  16 

August  10 

August  11 

August  12 

August  13 

October  22 

October  23 

October  24 

February  22. . . 
February  23... 
February  24. . . 
February  25... 
February  27. . . 
February  28. . . 

March  1 

March  2 

March  5 

March  6 

March  7 

March  8 

March  11 

March  12 

March  13 

April  15 

April  16 

April  17 

April  20 

April  21 

April  22 

April  23 

April  24 

April  25 

May  22 


heigSt. 


Feet. 


Discharge.' 

I 
I 


Sec-feet. 


10.6 

5.3 
21.9 
12.1 

6.7 
21.2 
24. 6 
10.8 

6.5 
14,0 

8.5 

8.9 
12.6 

8.0 

5.6 
14.0 
16.1 

9.5 

5.4 
13.1 
10.1  I 

8.5  I 
14.8 
13.7 

9.0 

9.3 
13.9 
11.9 

9.2 

8.5 
16.6 
12.9 
10.0 

4.2 
12.4 

9.9 

9.0 
15.0 

8.3 

5.4 
11.4 
20.8 
15.8 
11.2 

7.9 

1.9 


e 470, 000 
65,980 
25,380 

150,800 
78,430 
34,900 

154.000 

182,200 

117,400 
33,480 
94,200 
48,700 
51,900 
82,580 
44,720 
27,340 
94,200 

111,600 
56,850 
26,020 
86,730 
61,830 
48,700 

100,800 
91,710 
52,700 
55,190 
93,370 
76,770 
54,360 
48,700  ! 

115,800 
85,070  I 
61,000  1 
18,680 
80,920 
60,170 
52,700 

102.500 
47,100 
26,020 
72,620 

150,600 

109, 100 
70,960 
43,940 


Year 


1901 


1902 


1903 


Date. 


I   Gace 
I  height. 


1905 


May  23 

May24., 

May  25 

December  15. 

December  16. . 

December  17., 

December  18. . 

December  29. , 

December  30. . 

DecemlierSl., 

January  1 

February  25.. 

February  26.. 

February  27.. 

February  28.. 

March  1 

March2 

March  3 

March  4 

March  11 

March  12 

March  13.... 

March  14 

March  15 

March  16 

April  8 

April9 

April  10 

April  11 

April  12 

April  13 

February  28. . 

March  1 

March  2 

March  3 

March  24 

March  25 

March  26 

April  14 

April  15 

April  16 

April  17 

April  18 

I  March  10 

I  March  11 

[  March  12 

I  March  13 


Feet. 
12.6 
14.2 
9.3 
8.1 
17.2 

las  ' 

6.9 
4.4 
13.8  I 
18.4  , 

11.7  ' 
4.4  I 

17.8 

27.2 

18.0  i 

22.5 

29.0  ' 

16.1 

10.2 

12.0  1 

12.4 

14.0 

13.8  ' 
12.0  I 

ia2 

6.4  i 
16.4  I 
14.3 
12.9 
12.2  ; 
11.5 

5.4! 
14.2  I 
15.3 

8.9 

7.0 
12.1 

8.6 

5.6 
14.4 
15.1 
14.0 
10.4 

6.4 
11.0 
10.1 

6.9 


I 


Disrhjin^ 
Set.-ftfi 

55.  V*' 
45  ii 

12D*ii 

3»i  J*' 

K.  > 

130.  :>» 

75.i:n 

19,^! 

125.71 
208  ^1 

127.4iii 
164. « 
21>.7»i 

UI.'M' 

ti2.«« 

TT.rtt' 

93:* 
77.10' 
62.1" 

2&.?« 

108 :«' 

91.  *<^ 

73.?-*- 

22. 3» 
90.4fi) 
99,5y.t 
4b.  ^^ 

S2,,«iai 
73.  at) 

44.5tl 

23.  y< 

92.120 
97.*'.* 
88.JIV 
58. 9S^ 
2S.7« 
63.900 

56,  a> 
32. 1« 


o  Description  of  this  station  is  given  in  Water-Sup.  and 
6  See  Kept.  Chief  of  Engrs.  U.  S.  Army,  1881,  p.  940,  for 
e  Discharge  at  Chain  Bridge. 


Irr.  Paper  U.S.  Geol. Survey  No.  167. p.i5. 
comparisons  of  floods  of  1877  and  1881. 
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The  largest  flood,  except  for  that  of  1889,  in  the  lower  part  of  this  hasin  occurred  in 
February,  1881,  and  was  due  to  an  ice  gorge.a  The  stage  at  Long  Bridge,  Washington, 
D.  C,  was  2.5  feet  greater  than  during  the  flood  of  1877.  About  254  acres  of  the  city  of 
Washington  was  submerged  during  this  flood. 

On  June  2, 1889,  occurred  the  largest  flood  on  this  stream.  Above  Harpers  Ferry  i>  it 
reached  a  stage  of  34  feet  above  low  water  and  6.8  feet  above  that  attained  during  the  flood 
of  1877.  The  mean  rate  of  flow  June  2  at  Chain  Bridge,  Washington,  was  40.9  second-feet 
per  square  mile  from  11,500  square  miles  of  area. 

The  storm  c  causing  this  flood  extended  from  Kansas  to  the  Atlantic  and  from  the  Great 
Lakes  to  the  Carolinas.  It  caused  unprecedented  floods  in  the  Susquehanna  River  basin, 
and  to  it  was  due  the  great  disaster  at  Johnstown,  Pa. 

The  largest  flood  since  1889  was  on  March  2, 1902,  when  the  discharge  was  218,700  second- 
feet  at  Point  of  Rocks. 

c:ape  fear  river. 

Cape  Fear  River  is  formed  by  the  junction  of  New  and  Deep  rivers  in  Chatham  County, 
N.  C,  flows  192  miles  in  a  general  southeasterly  direction,  and  empties  into  the  Atlantic 
Ocean.  Steamers  of  light  draft  ascend  the  river  to  Fayetteville,  a  distance  by  river  of  160 
miles.  From  Fayetteville  up  to  Smileys  Falls,  a  distance  of  25  miles,  the  fall  is  only  1.25 
feet  per  mile. 

The  basin  above  Fayetteville  is  long  and  narrow  and  has  an  area  of  3,860  square  miles. 
It  is  gently  rolling  or  hilly,  with  thin  soil  that  absorbs  moisture  slowly.  The  run-off  into 
the  main  channel  is  therefore  large  and  rapid  and  the  floods  on  this  stream  are  more  violent 
than  those  on  any  other  stream  in  North  Carolina. 

The  following  table  gives  the  stages  of  this  stream  at  Fayetteville  during  all  the  lai^e 
floods  from  1889  to  1902  and  the  approximate  daily  discharge  during  some  of  them: 


o  Kept.  Chief  of  Engrs.  U.  S.  Army,  1881,  p.  940. 
b  Kept.  Chief  of  Engrs.  U.  S.  Army,  1889,  p.  985. 
c  £Dg.  News,  vol.  21,  p.  528. 
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DESTRUCTIVE    FLOODS    IN    UNITED    STATES    IN   1905. 


Flood  flow  of  Cape  Fear  River  at  FayeitemUe,  N.  C,  1889-1904.a 
[Drainage  area,  3,860  square  miles.    Danger  line,  38  feet  gage  heigbLj 


Year.l 

I 


Date. 


1889 


February  20. 

June  1 

June  2 

June  3 

July  3 


Gage 
height.' 


heigEt.b,  ^^^^*'«^-  ''^*»'' 


July  23 


August  1.. 
1891  i  March  14.. 
May  30.... 
.\ugust  24. 


1894 
1895 


1892  I  January  21  .. 

1893  I  February  15. 
I  October  24... 

October  12... 
January  10... 
January  11... 

January  12  . . 

January  13... 
January  14... 
January  15... 
March  22 


Feet. 
43.0 
10.0 
40.0 
30.0 
43.9 

45.0 

44.2 
41.0 
45l1 
43.1 

49.5 

42.3 
42.0 
47.9 
37.0 
52.0 

58.0 

5G.0 
47.4 
38.0 
41.0 


Sec-feet. 


53,000  I 
to      I 
58,000 


55,000 

to 
65,000 


70,000 

to 
90,000 


189G 


1900 


1901 


Date. 


'hSlft.*  D'«'-K'- 


April  10 

May  1 

February  8.. 

July  11 

February  9. . 
I  February  20. 

I  March  17 

I  April  21 

I  April  22 

I  Aprils 

I  May22 

'  May23 


.  I 

Feet. 
47.7  !. 

44.6  . 
48.0  L 
49.5  '. 
32. 0  '. 
43.0  j. 

44.0  |. 

44.0  . 

47.7  '. 
14.0  '. 

4ao  . 


Sec. -if  ft. 


May24 ,      58.5 


7O.«JU0 

10 


1902  I 


May  25 

May26 

May  27 

July  15.; 

August  15 

September  20. 

February  4... 

I  March  2 


1903  '  March  25. 


54.7 

42.0 

33.9 

41.5  \ 

42.0 

43.6 

40.3 

41.7 

50.5  ' 


to 
65.Q00 


a  A  description  of  this  gaging  station  is  given  in  Water-Sup.  and  Irr.  Paper  U.  S.  Geol.  Survey  No. 
-    U. 

S.  Weather  Bureiiu  gage  records. 


83^^31. 


Note.— The  lowest  stage  was  0.7  foot  on  the  gage  October  5, 1895,  and  the  flow  was  0.069  second-foot 
per  square  mile. 

The  largest  flood  during  this  period  occurred  in  May,  1901,  and  reached  a  stage  of  5N.5 
feet,  or  about  58  feet  above  low  water.  The  discharge  is  estimated  to  have  been  from  7O,W>0 
to  90,000  second-feet,  or  from  18  to  23  second-feet  per  square  mile.  High  stages  occur  often 
in  this  stream,  and  in  nearly  all  months  of  the  year.  The  rise  and  fall  arc  very  rapid.  The 
very  great  range  of  stage  at  this  place  is  due  to  the  small  slope  of  the  stream  bed  and  the 
small  channel,  which  is  U-shaped,  with  high  banks  and  small  bottom  width.  At  the  junr- 
tion  of  New  and  Deep  rivers,  where  the  slope  and  width  are  greater  than  at  Fayettevillo, 
the  range  of  stage  is  about  25  feet.  It  is  reported  that  the  stage  at  FayetteviUe  has  been  75 
feet. 

SAVANNAH  RIVEK. 

Savannah  River  is  formed  by  the  junction  of  Tugaloo  and  Seneca  rivers  in  the  northern 
part  of  North  Carolina,  about  100  miles  north  of  Augusta,  flows  in  a  southerly  direction  a 
distance  of  355  miles  by  river,  and  empties  into  the  Atlantic  Ocean  at  Savannah  The 
stream  is  navigable  to  Augusta,  a  distance  by  river  of  248  miles.  The  lal!  in  this  distance 
is  at)ove  130  feet.  From  Augusta  to  Andersonville,  a  distance  of  107  miles,  the  fall  is  270 
feet.  The  basin  is  long  and  narrow  and  compiiscs  a  drainage  area  above  Augusta  of  7.500 
square  miles.     The  upper  part  extends  well  up  into  the  Blue  Ridge  Mountains  and  has  a 
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rapid  run-off.  Numerous  comparatively  small  streams  enter  the  main  stream  at  consider- 
able distances  apart.  -  This  stream  is  subject  to  large  freshets,  due  to  rain  and  the  rapid  melt- 
ing  of  snow  in  the  mountains  in  the  spring.  The  greatest  flood,  however,  occurred  in  Sep- 
tember, and  was  due  to  rain  alone. 

The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Augusta,  Ga.,  during  all 
the  large  floods  from  1840  to  1905: 

Flood  discharge  of  Savannah  River  at  Augusla^  Ga.^  1840-1905.a 
[Drainage  area,  7,500  square  miles.    Danger  line,  32  feet.    Ix)west  stage,  2.;')  feet.] 


Year. 


1.S40 
1852 

1865  I 
1878  ' 
1888 
1881 


1886 


Date. 


1888 


May  28 

August  29 

January  U 

July  31 

September  11. 

March  17 

March  18 

March  19 

March  31 

April  1 

April  2 

May20 

May2l 

May22 

July  29 

July  30...-. 

July  31 

August  1 

August  2 

August  3 

August  4a 

August  5 

August  9 

August  10 

August  11 

March  29 

March  30 

March  31 

September  9.. 
September  10 
September  1 1 . 


helgiTt.ft 

Feet. 
37.8 
3(i.8 
36.4 
34.5 
38.7 
28.5 
32.2 
23.3 
30.8 
32.2 
29.0 
28.7 
32.5 
2G  8 
14  0 
32.3 
34  5 
32.0 
28.1 
31.7 
32  1 
23.9 
30.8 
33.0 
24  0 
30.0 
32  7 
29  8 
23  5 
34  7 
38.1 


Discharge.  I  Year. 


Date. 


32  1 

23.9 

30.8 

33.0 

I      24  0 

30.0 

32  7 

Sec-feet. 
f  253, 000 
c220,000 
c202,000 
f 143.000 
<:300.000 
90,800 
123,300 

47,  Geo 

111,040 
123,300 
95.200 
92,500 

120,  (KX) 
75,840 
17,900 

124,200 
143.  (»0 

121.  Ott) 
87,280 

119.000 
122.500 

51,. 180 
111,000 
130.400 

52.000 
109,  .»0 
127,800 
102,20(» 

48.900 
148.  fWO 
270, 500 


1888 


1891 


1892 


1902 


Septemlier  12 
September  13 
February  18. 
February  19. 
February  20. 

March  9 

March  10 

March  11 

March  12 

March  13 

March  14 

January  20.  . 
January  21... 
January  22... 
July9 

February  7.. 
Febiuary  8.." 
February  9. . 
February  13., 
Februaiy  14. 
February  15., 
February  28. 

March  1    

March  2 

March  3 

Peoruary  8  . 
February  s).. 
Fohruary  10. 
February  14.. 


^el^J  D'""-^- 


Feet. 
33.9 
23.2 
30.0 
32.9 
29.3 
31.2 
35.3 
32.6 
27.7 
31.2 
29.5 

31  0 

32  5 
20.  8 
29.2 
30.2 
25. 8 
28.0 
31.0 
29  9 

29  0 

32  3 
22  1 
25  6 
3.i  8 
,13  3 
28  (> 

30  7 

33  0 
28  / 
25  3 


Sec-feet. 
138,300 

47,500 
109,300 
129,500 

97.840 
114,000 
165,400 
126,900 

83,760 
114,000 

99,000 
112,800 
120.000 

75.840 

9(i,900 
105.800 

07.040 

80, 400 
112,800 
103.100 
100.500 
124,200 

41.480 

04,400 
137,400 
133.000 

91.080 
110,200 
130,400 

92.560 

62.700 


a  Description  of  station  in  Water-Sup  ana  Irr  Papei  U   S  (icoi  Survey  No  98  p.  57 

f>  Property  ol  city  of  Augusta.  (Ja 

<■  liousc  Document  No  213  5 1st  long    1st  sess 

The  largest  flood  at  this  place  during  the  period  covered  by  the  table  occurred  September 
11, 1888.«  The-maximum  stage  was  38  7  leet  and  the  maximum  late  oi  flow  was  40  second- 
feet  per  square  mile  The  normal  rainlall  lor  September  at  Augusta  is  2  to  4  mches.  The 
ramfall  for  September,  1888.  was  12  inches.  The  water  was  fiom  1  foot  to  12  feet  deep 
over  a  part  of  the  city  of  Augusta,  and  the  flood  did  a  laige  amount  of  damage. 

Second  in  size  was  the  flood  ol  1840,  during  which  the  maximum  rate  of  flow  was  33.7 
second-feet  per  squaie  mile. 


a  Report  on  survey  of  tne  Savannah  River  above  Augusta,  Ga.,  House  Doc  213, 51st  Cong  ,  1st  sess. 
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DESTRUCTIVE   FLOODS    IN    UNITED    STATES    IN    19a5. 


ALABAMA  RIVER. 

Alabama  River  is  formed  by  the  junction  of  the  Coosa  and  Tallapoosa  rivers  6  miles  aUiTr 
Montgomery,  Ala.  The  drainage  basin  of  these  streams  is  hilly  country,  well  wooded,  m. 
about  one-fourth  of  the  land  is  under  cultivation.  The  streams  have  comparatively  Utiif 
fall,  a  sluggish  flow,  and  are  subject  to  great  fluctuations  of  stage.  The  channel  is  deop  .^i 
the  area  flooded  comparatively  small  for  such  extreme  fluctuations  of  stage. 

The  following  table  gives  the  daily  rate  of  flow  of  the  Alabama  at  Selnaa,  Ala.,  of  theUr^ 
floods  from  1891  to  1904: 


Flood  flow  of  Alabama  River  at  Sdma,  Ala.,  1891  to  190^.  a 
[Drainage  area,  15,400  square  miles.    Lowest  water,  —  1 .9  feet,  November  9, 1894.    Danger  linf .  35 1*^' 


Year. 


Date. 


Gage 
eight.6 


beigl 


1892 


1895 


1897 
1899 


I 


March  13 

March  14 

March  15 

January  10.. 
January  17.., 
January  18.. 
January  19... 
January  20... 
January  21 . . , 
January  22.. 
January  23... 
January  24... 
January  25... 

March  29 

March  30 

April  14 

February  20. 
February  21 . 
February  22. 

March  19 

March  20 

March  22 

March  17 

March  3 


Feet. 
47.3 
48.0 
47.6 
50.3 
52.2 
53.8 
54.0 
53.7 
52.8 
52.4 
52.1 
52.1 
51.3 
48.3 
48.5 
46.0 
44.0 
44.6 
43.9 
41.8 
42.6 
41.8 
40.7 
38.8 


Discharge. 


I  Year. 


Sec.  feet. 
127,260 
129,200 
128,100  i 
135,500 
140,800 
145,200 
145,700  I 
144,900 
142,400  I 
141,300  I 
140,500  I 

140,500  ; 

138,300 
130,000 
130,600 
123,700 
118,200 
119,800 
117,900 
112.200  li 

114,400 1; 

112,200  |! 
109,200  l{ 
103,900  I 

I' 


1901 


1902 


1903 


Date. 


h^,|K>    Di^h,.. 


February  17. 
Febniary  18. 

April  23 

April  24 

January  17... 

April  23 

January  2 

Januarys 

January  4 

March  4 

March  5 

March  0 

March  7 

March  31 

Aprlll 

April  2 

April  3 

April  4 

February  12. 
February  13. 
February  14. 
February  15. 
February  16. 
February  17. 


Feet. 
48.0 
47.9 
41.0 
40.0 
40.0 
39.0 
45.0 
46.6 
46.3 
47.1 
47.1 
46.2 
44.4 
48.9 
50.1 
50.7 
50.0 
48.6 
'48.0 
49.5 
50.2 
50.6 
49.9 
49.0 


IM«» 

l:  I' 

!>•■ 
1>  •' 
\H  . ' 
1>  «■ 

r  ■■ 


,.;  it ' 


a  For  description  of  station,  see  Water-Sup.  and  Irr.  Paper  No.  83,  p.  131. 
6  V.S.  Weather  Bureau  records. 

The  largest  flood  during  this  period  occurred  in  January,  1892.  The  stream  was  Hf^ 
56  feet  above  low  water  and  the  maximum  rate  of  flow  was  145,700  second-feet,  or  9.h  ;* 
ond-feet  per  square  mile.  High  stages  occur  nearly  every  year  and  last  from  one  or  « 
weeks  to  a  month.  The  flood  flow  is  comparatively  small  and  these  high  stages  are  dutli 
narrow  channel  and  small  slope  of  stream  bed. 

BI.,ACK   WAUUIOR  RIVER. 

Black  Warrior  River  is  formed  by  the  junction  of  the  Mull)erry  and  Sipsey  forks  at  Wtf 
riortown,  Ga.,  flows  in  a  southerly  direction  and  empties  into  the  Tombigbee.  ThcM 
is  rolling  or  flat  open  country,  much  of  which  is  under  cultivation.  The  stream  has  m 
fall  and  its  flow  is  sluggish.  The  area  above  the  gaging  station  at  Tuscaloosa,  A!*  i 
4,900  square  miles. 
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The  following  table  gives  the  daily  flow  at  this  station  during  the  large  floods  from  1889 
to  1905: 

Flood  flow  of  Black  Warrior  River  at  Tuscaloosa,  Ala.,  1889-1905.  a 

[Drainage  area,  4.900  square  miles.    Danger  line,  43.0  foet  gage  height.    Lowest  stage,  —  0.8  foot.] 


Year.' 


Date. 


1889 


1890  i 


1892 


January  IS. . 
February  18. 
February  19. 
February  20. 
February  9.. 
February  10. 

March  1 

March  2 

March 3 

Aprils 

February  8. . 
February  9.. 
February  10. 
February  11. 
February  12. 
February  13. 
February  14. 
February  15. 

March? 

March  8 

March  9 

March  10.... 

March  11 

January  13,. 
January  14. . 
January  15. . 
January  16.. 

AprilO 

April? 

Aprils 

Apia9 

Aprli  to 

April  11  

April  12 

April  13 

AprilU 

July  11 

February  16. 
February  17. 
February  18. 
February  19. 

May  4.i 

Mayo 

May  6 

June  3 

June  4 

January  9... 
January  10.. 


Gage 
height.b 


Feet. 
40.5 
56.4 
56.6 
53.0 
54.0 
52.9 
58.9 
5?.  4 
52.4 
45.9 
51.5 
51.5 
52.2 
53.5 
50.5 
4?.  6 
51.4 
49.5 
53.0 
5S.0 
60.4 
58.0 
54.0 
53.0 
5?.  4 
55.9 
51.7 
11.6 
56.3 
63.2 
62.2 
58.0 
52.  C 
«o  4 
40.7 
36.5 
46.2 
52.2 
55.6 
54.7 
51.4 
51.2 
52.2 
48.0 
49.6 
46.0 
50.6 
49.3 


Discharge. 


Sec.  feet. 
63,000 
128,600 
127,400 
113,000 
117,000 
112,600 
136,600 
130,400 
110,600 


Year. 


107,000 
107,000 
109,800 
115,000 
103,000 

91,400 
106,600 

99,  ax) 
113,000 
133,000 
142,600 
133,000 
117,000 
113,000 
130,600 
124,600 
107,800 


126,200 
lo^'^SOO 
149,800 
133,000 
110,200 


85,800 
109,800 
123,400 
119,800 
106,600 
105,800 
109,800 
93,000 
99,400 
85,000 
103,400 
98.200 


1895 


189? 


1898 
1899 


1900 


1901 


Date. 


March  1? 

March  18 

March  22 

March  7 

March  8 

March  9 , 

March  14. 

January  27... 

April  6 , 

January  8 

February  6... 
February  7... 
February  8. . . 
February  9... 

March  16 

March  1? 

liaarch  18 

March  19 

Mi".rch20 

De..  ember  13. 
February  14. . 

March  21 

April  12 

April  13 

April  14 

April  17 

April  18 

April  19 

April  20 

April  21 

April  22 

April  23 

June  24 

June  25 

June  26 

June  27 

June  28 

January  12... 
January  13... 
January  14... 
January  15... 
Februarys.. 

April  21 

December  30. 
Decemljer  31 . 

January  1 

February  3. . 
March  1 


Gage 
height.b 


Discharge. 


a  Description 
b  U.  S.  Army 


of  station  in  Water-Sup.  and  Irr.  Paper  No.  98,  p. 
Engineers  records. 


Feet. 

Sec.  feel. 

52.0 

109,000 

47.3 

90,200 

51.3 

106,200 

51.4 

106,600 

54.8 

120,200 

51.6 

107,400 

51.0 

105,000 

43.5 

75,000 

38.7 

55,800 

49.3 

98,200 

50.6 

103,400 

51.4 

106,400 

51.7 

107,800 

48.6 

95,400 

59.3 

138,200 

60.3 

142,200 

57.7 

131,800 

52.4 

110,600 

49.3 

?8,200 

39.5 

59,000 

48.0 

93,000 

51.0 

105,000 

52.8 

112,200 

53.4 

114,600 

48.7 

95,800 

63.0 

153,000 

64.0 

157,000 

62.2 

149,800 

59.4 

138,600 

56.1 

125,400 

51.7 

107,800 

46.2 

85,800 

50.0 

101,000 

58.4 

134,600 

56.4 

126,600 

52.9 

112,600 

49.1 

97,400 

52.7 

111,800 

56.5 

127,000 

53.3 

114,200 

47.3 

90,200 

42.0 

69,000 

42.6 

71,400 

49.0 

97,000 

49.0 

97,000 

44.0 

77,000 

4&4 

94,600 

49.9 

100,600 

160. 
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Flood  flow  of  Black  Warrior  River  at  Tuscaloosa^  Ala.,  2559-/905— Continued. 


Year. 

Date. 

1902 

March  28 

March  29 

March  30 

March  31 

April  1 

1903 

Februarys 

February  9 

February  10 

February  11 

February  12 

Februar>'  13 

Gage 
height. 

Discharge. 

Feet. 

Sec.'feet. 

60.4 

142,600 

60.6 

143,400 

58.3 

134,200 

57.4 

130,600 

52.9 

112,600 

56.4 

126,600 

55.9 

124,600 

51.5 

107,000 

52.0 

109,000 

53.8 

116,200 

51.1 

105,400 

1903 


1905 


Date. 


February  17 1 

Febniary  18 1 

February  19 1 

March  1 , 

May  16 

January  14 

February  9 

February  10 ' 

February  11 ' 

February  22 1 

i 
I 


Gafe 
height. 

DiaduiEt-. 

Ted. 

Sec.-feft. 

56.7 

ir.««r 

56.8 

1>.2II 

53.0 

U3.iri 

54.3 

llVJi 

43.4 

74/a 

4d.l 

^•.■lii' 

"55.5  1 

123  in. 

56.9 

ijji.ta 

54.5 

119,  u. 

47.7 

6I.JW 

The  largest  flood  during  this  period  was  in  April,  1900.  The  stage  on  the  18th  was  t>4 
feet,  or  about  64.8  feet  above  low  water.  The  maximum  daily  rate  was  157,000  second- 
feet,  or  32  second-feet  per  square  mile.  This  great  range  of  st-age  is  due  to  sluggish  Bow 
and  narrow,  deep  channel.    They  last  from  one  to  three  or  four  weeks. 

It  is  reported  that  the  stage  at  this  place  has  been  87.6  feet. 

.  MONONGAHELA  RIVER. 

The  Monongahela  rises  in'  the  north-central  part  of  West  Virginia,  flows  in  a  genenl 
northerly  direction,  and  joins  the  Allegheny  at  Pittsburg  to  form  the  Ohio  (see  PI.  IV).  Its 
principal  tributaries  are  the  Cheat,  which  enters  from  the  east  a  few  miles  north  of  the 
southern  boundary  of  Pennsylvania,  and  the  Youghiogheny,  which  enters  from  the  east  at 
McKeesport.  The  basin  of  the  Monongahela  has  an  area  of  7,625  square  miles,  embrarinj? 
the  west  slope  of  the  Allegheny  Mountains.  It  is  mainly  mountainous  or  hilly,  with  do 
surface  storage  and  little  forest  area,  and  stands  at  a  higher  elevation  than  the  Ohio  basin, 
immediately  west  of  it.  From  Fairmount  to  the  mouth  of  the  stream,  a  dist-ance  of  123 
miles,  the  fall  of  the  river  is  about  1.1  feet  per  mile.  This  part  of  the  stream  consists  of  a 
series  of  slack-water  basins  formed  by  dams. 

The  following  table  gives  the  daily  rate  of  flow  of  the  Monongahela  at  Lcx^k  No.  4  during 
all  the  large  floods  from  1886  to  1905: 

^loodflow  of  the  MonongaJiela  Riv>er  at  Lock  No.  4,  Pennsylvania^  J 880- 1905. 
[Drainage  area,  5,430  squam  rnilcs.    Lowest  stage,  3.2  feot.    Dangrr  line,  28  foet.J 


Year. 


1886 


Dato. 


Gage     I 
hoight.a  ' 


Discharge. 


March  31 . 
April  1... 
April  2... 
April  3... 
April,-)... 
April  ♦>... 
April?... 
Aprils... 
Mays.... 
MayO.... 
May  10... 
May  11... 


Fert. 
16.5 
27.0 
Xi.o 
16.0 
18  .''. 
25. 0 
20. 0 
19.  5 
6.5 
22.0 
16  5 
11.5 


Sec.'feet. 
33,600 
92,600 
70,800 
31,300 
43,600 
79,800 
85,800 


Year.  I 


1886 


18vS7 


Dato. 


«X„     Di«h.,S.. 


heigl 


62,300 
33,()00 


May  12 

May  13 

May  14 

May  15 

May  16 

Fel»ruAry  3.. 
February  4.. 
February  5.. 
February  6.. 
February  2«i. 
February  27. 
February  28. 


Feet. 

Sec.^tei. 

10.2  ' 

15.3  . 

2s.  i:<" 

21.2  ' 

57.^ 

24  3 

7o/a' 

16.5 

33."!' 

14.0  , 

2i.:o'i 

31  0 

131).  uT 

24.5 

:e,.>it 

16.3  ; 

32.tC-1 

11.7' 

H..W 

28.0  ! 

99.  t* 

24.0  ' 

73.H.D 

a  U.  S.  Weather  Bureau  records. 
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J^Tood  Jlaw  of  the  Monongahela  River  at  Lock  No.  4,  Pennsylvania,  1886-1906— Continued. 


^ear. 


Date. 


I 


1887 


X889 


1890 


1891 


March  L 

JanuaxyS... 
January  9... 
Janaary  10.. 

July  9. 

July  10 

July  11 

July  12. 

July  13l 

February  17. 
February  18. 
February  19. 
February  20. 

April  13 

April  14 

April  15 

May  31 

June  1 

June  2 

November  9. 
November  10 
November  11 
January  7... 
Januarys... 
January  9... 
January  10.. 
February  3. . 
February  4.. 
Februarys.. 
February  6.. 
February  20. 
February  21 . 
February  22. 

March  22. 

March  23 

March  24 

March  25 

October  12. . . 
October  13. . . 
October  14... 
October  15... 
October  16. . . 
January  1 . . . 
January  2... 
January  3... 
January  4... 
January  5 . . . 
February  10. 
February  11 . 
February  12. 
February  16. 
February  17. 
February  18. 
February  19. 

IRR  162- 


Discbaifpe.  |  Year. 


1891 


1892 


1893 


1895 


1896 


1897 


1898 


Date. 


February  22. 
February  23. 
February  24. 
January  13. . 
January  14.. 
January  15.. 
January  16.. 

April  23. 

April  24 

April  25 

January  29... 
January  30... 
January  31... 

January  6 

January  7... 
Januarys... 
January  9... 
January  10... 
January  11.., 
January  12.., 

March  15 

March  16 

March  17 

March  18..... 

March  19 

March  20 

March  21 

July  30 

July  31 

August  1 

August  2 

February  22. 
February  23. 
February  24. 
February  25. 
February  26. 

May  14 

May  15 

May  16 

Decembers.. 
December  6.. 
December  7.. 
January  10... 
January  11... 
January  12... 
January  13... 
January  16... 
January  17... 
January  18. ,. 
January  23... 
January  24... 
January  25... 
March  17  ... . 
March  18 


idX.  !  Discharge. 


heigl 


Feet. 

Sec-feet. 

19.0 

46,100 

20.4 

53,500 

15.3 

28,150 

11.0 

25.7 

84,000 

28.5 

103,100 

19.3 

47,600 

18.0 

41,100 

21.6 

60,100 

15.5 

29,050 

16.5 

33,600 

2a5 

70,800 

18.2 

42,100 

7.3 

24.5 

76,800 

30.0 

113,600 

22.0 

62,300 

15.8 

30,400 

21.9 

61,750 

19.0 

46,100 

14.5 

24,600 

21.0 

56,800 

21.7 

60,660 

16.4 

33,100 

11.2 

20.5 

54,050 

18.6 

44,100 

14.2 

23,340 

25.3 

81,600 

24.0 

73,800 

15.6 

29,500 

16.0 

31,300 

36.0 

159,000 

36.0 

159,000 

23.0 

67,800 

14.0 

22,500 

19.7 

49,650 

20.6 

54,600 

14.6 

25,040 

8.0 

20.6 

54,600 

15.6 

29,500 

14.0 

22,500 

23.9 

73,200 

20.0 

51,300 

15.8 

30,400 

19.5 

48,600 

21.0 

56,800 

16  0 

31,300 

13  5 

20,480 

21  9 

61,750 

16.7 

34,600 

8.5 

20.0 

W,300 
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Flood  flaw  of  (he  Monongahda  River  at  Lock  No.  ^,  PerwwyZtwftia,  1886-1905 — CoDtinued 


Year. 


1896 


1899 


1900 


^**«-  I   heigS.  I  I>J8<5*»a'««-   iYear. 


1901 


March  19 

March  20 

March  21 

March  22. 

March  2a 

March  24 

March  25 

March  20. 

March  27 

March  28 

March  29 

March  30. 

March  31 

April  1.. 

August  10 

August  11 

August  12 

August  13 

October  22 

October  23.... 
October  24.... 

January  6 

January  7 

Januarys 

January  9 

February  4... 
Fe])ruary  5... 
February  6... 

March  5 

March  ft 

March  7 

March  28 

March  29 

March  30 

March  31 

March  1 

March  2 

March  3 

November  2fi. 
Novcinlxir  27. 
Noveml)er  28. 
November  29. 

April  4 

Aprils 

April  6 

April  7 

April  8 

April  9 

April  10 

April  20 

April  21 

April  22 

April  23. 

May  27 


Feet. 
16.7 
12.7 
13.8 
22.5 
20.7 
20.2 

24.7  ; 

2a  8 

16.0 
12.5 
12.0 
2a  9 
20.7 
14.5 
17.3 
2a  3 
21.0 
17.8 
14.0 
21.6 
15.8 
15.0 
2a  5 
2a  0 
15.6 
11.5 
22.0 
17.5 
14.0 
26.9 
20.0 
9.5 
2a  0 
2a  0 
16.5 
10.2 
21.0 
19.0 
17.6 

33.8  I 
22.6  I 

14.8 ; 

las  ! 

21.6  j 
20.6 
23.1, 
21.0  I 

17.0  ' 

I 


12.0 
2a  3 
25.5 
21.5 
17.2 
19.4 


Sec. -feet. 
34,600  ,! 

21,680 
65,050 
55,150 
52,400 
78,000 
72,600 
31,300  \ 
1 


1901 


15,300 

73,200 

55,150 

24,600 

37,600 

69,600 

56,800 

40,100 

22,500 

60,100  i 

30,400  j 

26,800  I 

70,800  I 

67,800  1 

29,500  ' 


1902 


,1 


62,300  \ 
38,600  I 
22,500  ' 
91,900  I 
51,300  I 
il 

67,800  'i 

67,800  I' 

33,600  ,' 

|l 


56,800 
46,100 
39,100 
141,400 
65,600 
25,920 
45. 100 
60.100 
54,600 
68,400 
00.  UK)  I 
36. 100  I 
15,300  I 
69.600  I 
82,800  I 
59,550  I 
37,100  I 
48,100! 


1903 


^^^-  hegTt.    I  ^'»«»^ 


May  28. 

May  29. 

May  30. 

December  15.. 
December  16.. 
December  17.. 
December  29.. 
December  30.. 
December  31.. 
January  27... 
January  28... 
January  29... 
February  26.. 
February  27.. 
February  28. . 

March  1 

March  2. 

March  3. 

March  4 

March  9 

March  10 

March  11 

April  9. 

April  10 

April  11 

April  12 

April  13 

April  14 

December  12., 
December  13. 
December  14. 
December  15., 
December  16. 
December  17. 
December  18. 
December  19. 
Januar>'3 — 

January  4 

Januarys 

February  4.. 
Februarys.., 
February  6.. 
February  15.. 
February  16.. 
February  17.. 
February  18. . 
February  28.. 

March  1 

March  2 

March  a 

March  2a.... 

March  24. 

March  25 

March  26..... 


Feet, 

'    Sec^eet. 

21.3 

1            5^43fl 

2ao 

1            51.300 

17.1 

1            3B.(» 

1&5 

4a«>j 

28w5 

103.  ii: 

18lS 

41fii« 

1ft.  5 

aaeuo 

25.0 

79,«D 

22.0 

fl2.au) 

9.5 

25.9 

8S,ajti 

19.5 

48.600 

16.4 

saim 

21.5 

a.5j.j 

18.8 

45,10. 

29.5 

110.  IW 

25.1 

80.  «n 

2ao 

51.300 

15.6 

29,  At 

11.3 

f 

21.6 

80,  l» 

19.6 

«.100 

17.2 

37,100 

2ai 

51,^ 

22.0 

62.  .t» 

22.7 

66,  la 

21.5 

S6,5Sli 

17.7 

ai.«x 

20.O 

51.300 

25.0 

79,  WO 

26.2 

87,000 

19.0 

46.100 

17.0 

36,1CD 

26.0 

85.800 

20.5 

54.  Q» 

14.5 

24.0Q0 

10.9 

22.1 

62.850 

ia9 

45.600 

16.0  1 

31,300 

21.7, 

60,650 

17.8  1 

40,100 

10.5 

22.6 

65.000 

28.4, 

102.  «M 

19.2 

47.100 

14.6' 

25,040 

32.5 

131,100 

24.6^ 

n,«B 

ia7. 

29.950 

lao  1 

18,540 

2a2 

69.000 

21.0 

«.800 

14.6 

2S,0« 

r 


FLOOD   DISCHARGE   AND   FREQUENCY.  77 

Flood  flaw  of  ike  MonongaMa  River  at  Lock  No.  4,  Pennsylvania,  1886-1905— KhutmueA, 


Year.              Date. 

Gaee 
height. 

Dischaxge. 

Year. 

Date. 

Gaee 
height. 

Discharge. 

1904 

January  22 

Feet. 

las 

21.2 
20.0 
14.5 
14.2 
20.2 
16.8 
10.2 
24.3 
19.5 

SeC'feet. 
21,680 
57,900 
51,300 
24.600 
23,340 
52,400 
35,100 

1905 

MftK-h  8      

Feet. 
12.0 
21.0 
28.3 
29.3 
1&5 
16.5 
27.2 
20.5 

ia4 

Sec-feet. 
15,300 
56,800 
101,700 
108,700 
43,600 
33,600 

January  23 

March  9. 

January  24 

March  10 

January  25 

March  11 

March  23. 

March  12. 

March  24. 

March  21 

March  25 

March  22 

94,000 
54,050 

1905 

January  11 

March  23. 

January  12 

75,600 
48,600 

March  24. 

20,080 

January  13 

The  discharge  is  taken  from  a  station  rating  table  prepared  from  current-meter  meas- 
urements of  the  flow  at  Belle  Vernon,  Pa.,  and  surface  slope  data  furnished  by  T.  P.  Rob- 
erts, Corps  of  Engineers,  United  States  Army. 

The  gage  is  located  at  the  lower  end  of  the  lock  below  the  dam;  its  zero  is  717.82  feet 
above  sea  level. 

The  greatest  rate  of  discharge  during  this  period  was  on  July  11,  1888.  The  stream 
reached  a  stage  of  42  feet,  38.8  feet  above  lowest  stage,  and  a  daily  rate  of  flow  of  207,000 
second-feet,  or  38.1  second-feet  per  square  mile.  Both  the  rise  and  fall  during  this  flood 
were  very  rapid.     It  was  due  to  a  very  heavy  rain  of  comparatively  short  duration. 

The  flood  second  in  size  occurred  February  23-24,  1897,  when  a  stage  of  36  feet  was 
reached,  and  a  rate  of  159,000  second-feet,  or  29.3  second-feet  per  square  mile.  It  was  a 
spring  flood,  due  to  rain  and  the  rapid  melting  of  snow. 

YOUGHIOGHENY  RIVER. 

The  Youghiogheny,  the  chief  tributary  of  the  Monongahela,  drains  an  area  of  about  1,770 
square  miles.  It  rises  in  the  mountains  about  30  miles  south  of  the  Pennsylvania-West 
Virginia  line,  flows  northwestward  about  85  miles,  and  enters  the  Monongahela  at  McKees- 
port,  Pa.  Its  chief  tributary  is  the  Casselman,  which  enters  from  the  east,  at  Confluence, 
Pa.  The  basin  is  mountainous  and  quick  spilling,  without  storage.  The  stream  bed  is 
steep  and  rocky  and  the  flow  rapid. 
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The  following  table  gives  the  daily  flow  just  below  the  mouth  of  the  Casselman  at  Cas- 
fluenee,  P^.,  of  all  the  large  floods  from  1874  to  1905: 

Flood  flow  of  Youghiogheny  River  at  Confluence ^  Pa.,  1874^1906.o 
[Drainage  area,  782  square  miles.    Lowest  stage,  —0.8  foot.    Danger  line.  10  feet.] 


Year. 


1875 


1876 


1877 


1881 


Date. 


1874     December  28.. 

December  29.. 

December  30.. 

July  28 

July  29 

July  30. 

August  1 

August  2 

August  3 

August  4 

September  17 . 

September  18. 

September  19. 

November  23. 

November  24. 

November  25. 

February  11.. 

February  12.. 

February  13.. 

February  20.. 

February  21 . . 

February  22 . . 

February  6... 

February.  7... 

February  8... 
1888  I  August  21 ... . 


Gage 
height. 


1882  ! 


1883 


1890 


May  31. . . . 

June  1 

Juno  2 

March  22. . 
March  23. . 
March  24.. 


Feet. 
8.5 

ia2 
6.1 
3.0 
•  10.7 
5.2 
5.4 

12.3 

10.3 
6.8 
4.4 

11.6 
7.6 
2.2 

11.6 
7.8 
9.6 

11.6 
9.4 
8.4 

10.5 
8.3 

a6 

13.8 
9.2 
17.0 


Discharge.  '  Year. 


Second-feet. 
17,320 
30,420 


23,100      1895 


27,720 
22,020 


1896 


25,630  ;l 

|l 


25,630 


20,170  I 

25,630  Ij 

19,640  I 

17,060  'I 

22,560  |i 

16,810  ii 


,  I 


12.0 
6.1 
9.0 

10.9 

7.6 


32,220  I 
19,120  \ 
42,000  |! 
to  46,000  !| 
20.170  ij 
26.820  I 


1897 


1900 


1901 


1902  , 


Date. 


hS^t. '  ^-^^ 


1891     February  16.. 

February  17.. 

February  18.. 

Februarj'  19.. 

January  7 

January  8 

January  9 

March  29 

March  30 

March  31 

July  24. 

July  25 

July  26. 

Febniary  21 . . 

February  22.. 

February  23. . 

Februarj'  24. . 

November  25. 

November  26 . 

November  27 . 

April  6. 

I  April  7 

I  Aprils 

I  December  14.. 
'  December  15.. 
I  December  16.. 

Februarj'  27.. 
I  ]  Febniary  28.. 

I  j  March  1 

I  1904  I  January  22 . . . 


Fefi.     ;  Sfce*J-f 

a9    

12.-3  ,  27 

10.2 
6.9 
8-5  , 

las 


21  r.- 


7.3 


18,600 
2.3.650 


1905 


I 


January  23 . 
January  24 . 
March  21 . . . 


7.6  1. 

las 

a9  { 

5.4  '. 

lao  ' 

5.9    . 

5-8  . 
11.6 

lao 

9.6 

3.3  '. 
10.3 

7.3    . 

7.6  . 
10.5  I 

ao 

2.6  . 
10.6 

7.0    . 

4.0  '. 

9.9  , 
10.1 

9.0  ' 
10.6 

5.0    . 

8.0 


25. «' 
2fj  17' 


22.  rt 

lh.<»«' 


21.4- 
3fi.W' 
IS. 'in 
22.  <5 


KulKf' 


a  Gage  heights  from  U.  S.  Weather  Bureau  records. 

The  largest  flood  on  this  stream  in  these  thirty-one  years  occurred  in  August,  18S8.  T\n 
maximum  rat<j  of  flow  was  then  from  42,000  to  46,000  second-feet,  or  from  53.8  to  59 
second-feet  per  square  mile.  Second  in  size  to  this  flood  was  the  spring  flood  of  February 
1883,  when  the  maximum  daily  rate  of  flow  was  41.2  second^feet  per  square  mile. 

TENNESSEE  RIVEU. 

Tennessee  River  is  formed  by  the  junction  of  the  French  Brofid  and  the  HolstoD  ab(«t 
4  miles  above  KnoxviHe,  Tenn.  It  is  a  long,  somewhat  U-shaped  stream  and  is  navigaW** 
to  Chattanooga,  a  distance  of  453  miles.  The  basin  above  Chattanooga  is  mountainous, 
being  made  up  of  a  series  of  parallel  ridges.  The  tributary  streams  drain  the  narrow  val- 
leys between  these  ranges.  There  is  no  surface  and  little  ground  storage,  and  the  nin-otf 
is  therefore  very  rapid. 
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The  drainage  area  above  Chattanooga,  where  the  gaging  station  is  located,  is  21,380 
sc]uare  miles.  The  following  table  gives  the  daily  rate  of  flow  of  this  stream  at  Chattanooga 
during  all  the  larger  floods  from  1867  to  1905. 

Flood  fow  of  Tennessee  River  at  Chattanooga,  Tenn.,  1867-1906.a 
[Drainage  area,  21,382  square  miles.    Danger  line,  33  feet  gage  height.    Lowest  stage,  O.O.] 


Year. 


Date. 


1S67 
1890 


1892 


1896 


1897 


March  11 

Februarj'  28. 

March  1 

March  2 

March  3 

M^rch4 

February  12. 
Februarj'  13. 
Februar>'  14. 
February  15. 

March  10 

March  11 

March  12 

January  16... 
January  17... 
January  18. . . 

April  10 

Febmao'SO.. 

April  4 

Aprils 

February  26. . 


Gago     I 
I  height.b 


Feet. 
58.0 
34.8 
40.2 
42.5 
41.0 
34.4 
34.3 
36.5 
37.5 
35.5 
37.5 
38.9 
37.6 
37.1 
37.9 
36.2 
34.3 
33.4 
38.8 
40.5 
34.8 


Discbaige.    Year. 


Date. 


Sec-feet. 
c735,000 
308, 100  I 
404,200 
445, 100  I 
418,400 
300,900  I 
299^200 
338,300 
356, 100 
320,500  I 
356, 100  I 
381,000  ' 
357,900  I 
349,000   j 
363,200  || 
315,200  1 1 
299,200  I 
283,200 
379,300 
409,500 
306,100 


1897 


1899 


1901 


1902 


March  14 

March  15 

March  16 

March  17 

February  8.. 
February  9... 
February  10., 
March  17.,... 

March- 18 

March  19 

March  20 

March  21 

March  22 

March  23 

March  24..... 
December  30. 
DocemI  erSK 

January  1 

January  2 

March  4 

March  5 


hd|g?.»|»'«»'<"KC. 


■| 


Feet. 

Sec-feet. 

37.9 

363,200 

37.9 

363,200 

37.0 

347,200 

36.0 

329,400 

36.95 

225,100 

38.25 

333,200 

36.75 

223,800 

36.90 

224,800 

36.15 

220,200 

35.85 

218,300 

37.05 

226,700 

39.20 

239,000 

40.00 

244,000 

38.70 

235,900 

32.70 

198,700 

32.00 

202,200 

37.40 

237,300 

40.10 

254,800 

40.80 

269,400 

38.0 

241,200 

35.9 

227,600 

a  Description  of  station  given  in  Watei>8up.  and  Irr.  Paper  No.  98,  p.  255. 

b  U.  8.  Weather  Bureau  records. 

c  Two  per  cent  added  for  overflow  passing  around  gage. 

The  flood  of  March,  1867,  on  this  river  exceeded  all  floods  in  the  preceding  ninety  a  years. 
It  was  one  great  rise,  due  to  a  very  great  storm  that  extended  over  the  whole  drainage 
area.  At  noon  on  March  11  the  stage  was  58  feet  above  low  water  at  Chattanooga.  At 
Knoxville  the  stage  was  12  feet  above  that  of  1847.  The  loss  of  lif^and  property  in  this 
valley  was  unparalleled. 

Second  in  size  was  the  flood  from  February  27  to  March  5,  1890,  which  had  a  maximum 
rate  on  March  2  of  445,120  second-feet,  or  about  0.6  the  rate  of  the  flood  of  March,  1867. 

ILLINOIS  RIVER. 

Illinois  River  is  the  largest  tributary  of  the  Mississippi  above  the  Missouri.  It  is  formed 
by  the  junction  of  the  Kankakee  and  Desplaines  rivers  in  northeast  Illinois.  The  basin 
including  these  streams  has  an  area  of  29,013  square  miles,  and  its  width  is  about  half  its 
length.  It  is  level  or  gently  undulating  land,  with  a  deep,  rich,  loamy  soil,  and  is  nearly 
all  under  cultivation.  From  Lake  Michigan  to  Lasalle  the  fall  of  the  river  is  141  feet,  and 
from  Lasalle  to  its  mouth  the  fall  is  33  feet.  The  Chicago  Drainage  Canal  extends  from 
Lake  Michigan  to  Illinois  River  at  Joliet,  and  through  it  passes  into  the  river  3,000  to 
5,000  second-feet  of  the  water  of  Lake  Michigan.  A  large  part  of  the  Kankakee  River 
basin  in  Indiana  is  a  swamp  formed  by  a  ledge  of  limestone  crossing  the  valley  near  the 
State  line.  This  swamp  exerts  a  marked  influence  on  the  flood  flow  and  also  on  the  low- 
water  flow  of  the  river. 


a  Rept.  Chief  Engr.  U.  S.  Army  for  1875,  p.  635. 
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The  following  table  gives  the  daily  rate  of  flow  of  Illinois  River  at  Peoria,  111.,  doiic 
larger  floods  from  1890  to  1905.  The  gage  heights  are  readings  of  the  United  St&i^ 
Weather  Bureau  gage  on  a  pile  of  the  protecting  work  of  pier  of  the  Peoria  wagon  brai-* 

Flood  flow  qflUinois  River,  Peoria,  lU.,  1890  to  1905.a 
[Drainage  area,  15,700  squaie  miles.    Danger  line,  14  feet.    Lowest  water.  2.6  feet.] 


Year. 


1890 
1891 


1802 


Date. 


1893 
1805 
1897 
1898 


Juno  25 , 

April  17 

April  18 

April  19 

May  6 

May7 

Mays 

May  9 

May  10 

May  11 

May  12 

May  13 

May  14 

March  13 ..,.. 

December  31 , 

March  24 

March  31 


^Tl.b     DischftiKe.    Year. 


heigl 

Feet. 
13.3  ' 
15.0  I 
15.0  I 
15.0  ^ 
18.0  I 
20.9  ' 
21.5' 
21.9 
21*.  3 
20.7 
20.0 
19.9 
19.4 
19.6 
15.0 
18.3 
19.3 


Sec-feet. 
18,290 
22,960 
22,960 
22,960 
39, 120  I 
47,920  I 
50,480  I 
52,180  I 
40,620  I 
47, 140  ' 
44,000  I 
43,560  I 
41,330  I 
42,220  I 
22,960  I 
36,500 
40,880  I 


1899 
1900 


1901 


1902 
1903 


1904 
1905 


Date. 


Gage 
heigbt.* 


Dbcbai^ 


I 


March  22. 
March  16. 
March  17. 
March  27. 
March  28. 
March  29. 
March  30. 
March  31. 
April  1... 
April  2... 
July  22... 
March  12. 
March  12. 
March  28. 
March  8.. 
May  19... 


Feet. 
15lI 
19.9 
19.9 
17-0 
17.2 
17.4 
17.6 
17.7 
17.6 
17.5  I 
21.0  I 
19.3 
19.3  I 

««*21.8  . 
i«15.0 
rfl7.4  ' 


21  i« 
%   ill 

31  :•» 

Si,-. 
33  tt 
33  03 

40.  \< 

4n.NC 
57  ar- 
M.O 
3S,5fl 


a  Description  of  gaging  station  in  Water-Sup.  and  Irr.  Paper  No.  128.  p.  39. 
b  Heights  on  U.  8.  Weather  Bureau  gage. 

e  From  March  24  to  April  7  this  stage  was  above  20  feet,  and  from  Januar>'  22  to  May  19  the  stagr  >li<i 
not  fall  below  13  feet. 
d  Heights  on  U.  S.  Geological  Survey  gage. 

The  largest  flood  on  this  stream  in  these  sixteen  years  occurred  March,  1904.  The  great- 
est stage  was  21.8  feet,  or  19.2  feet  above  low  water,  and  the  greatest  rate  of  flow  was  57, -W 
second-feet,  or  3.66  second-feet  per  square  mile.  For  fifteen  days-  during  this  flood  tie 
discharge  did  not  fall  below  44,000  second-feet. 

Second  in  size  was  the  flood  of  May,  1902,  which  had  a  maximum  rate  of  3.3  aecond-feei 
per  square  mile. 

The  floods  on  this  stream  are  of  long  duration,  but  have  a  very  small  rate  of  flow. 

MISSISSIPPI  RIVER. 

The  Mississippi  has  its  source  in  Itaska  Lake,  in  northern  Minnesota,  at  an  eicTation  of 
1,324  feet  above  sea  level.  From  this  lake  to  St.  Paul,  Minn.,  a  distance  of  about  nf*' 
miles,  it  falls  about  1,000  feet.  The  watershed  is  mostly  hilly,  without  mountains,  irith 
considerable  swampy  land  and  lake  surface.  The  surface  covering  is  drift  composed  of 
sand,  gravel,  and  bowlders.  The  total  area  above  St.  Paul  is  36,085  square  miles,  l6.3.Tft 
square  miles  of  which  is  Minnesota  River  drainage. 

The  following  table  gives  the  daily  stage  and  rate  of  flow  of  the  laiger  floods  from  1867 
to  1904.  The  discharge  is  taken  from  a  station  rating  table  prepared  from  observations 
made  by  engineers  of  the  United  States  Army  in  April  and  May,  1897.  The  daily  rate  of 
flow  during  the  flood  of  1881  is  in  doubt.  It  was  less  than  120,000  second-feet  and  greater 
than  95,000  second-feet. 
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Flood  fow  of  Mississippi  River  at  St.  Paul,  Minn.,  ISGJ-lOOJ^.a 

[Drainage  area,  36.085  square  miles.    Highest  water.  19.7  feet,  April  29, 1881 ;  lowest,  0.9  foot,  March  19, 

1896.    Danger  line,  14  feet.] 


Year. 


1867 


Date. 


Gage 
height. 


1868 
1869 


*1872 
1873 


1874 
1875 


April  21 

April  22 

April  23 

April  24 

April  25 

April  26 

Juno  14 

Julyl 

July  23 

April4 

April7 

Septoniljcr  24-27.. 

May  lft-22 

April  29 

June  1 

June  13 

July  1-2 


April  14.... 

April  15..., 

April  16.... 

April  17.... 

April  18.... 

April  19. . . . 

April  20. . . . 
1876  I  May  22-23.. 
May  25 

April  27.... 

July  11 

June  17-18. 

April  26. . . , 

April  27.... 

April  28.... 

April  29.... 

April  30. . . . 

Mayl 

May  2 

May  3 

May  4 


1877 
1878 
1879 
1880 
1881 


height,  c 


Xc   Dischange. 


Feet. 

Sec.'feet. 

13.3 

12.2 

10.2 

7.4 

8.2 

9.6 

14.4 

4.5 

5.5 

6.4 

12.0 

14.7 

11.8 

4.6 

10.7 

15.3 

62,000 

16.4 

71,500 

17.1 

77,460 

17.4 

80,040 

17.9 

84,580 

18.0 

85,500 

17.8 

83,640 

17.7 

82,700 

17.8 

83,640 

17.7 

82,750 

17.5 

80,900 

17.1 

77,460 

16.6 

73,160 

16.2 

60,900 

15.7 

65,840 

15.2 

61,800 

10.7 

11.0 

6.0 

7.5 

6.8 

13.5 

9.9 

a  Tabulated  results  of  discharge  observations  Mississippi  River  and  tributaries,  1897-98.  p.  184. 

fc  Records  for  1870-71  missing. 

e  U.  S.  Weather  Bureau  gage  records. 

A  Maximum,  19.7  feet. 

The  largest  flood  at  St.  Paul  in  these  thirty-nine  years  was  in  April,  1881,  when  the  rate 
of  flow  was  from  2.63  to  3.33  second-feet  per  square  mile.  Second  in  size  was  the  flood  of 
July,  1867,  which  had  a  rate  on  the  23d  of  about  92,000  second-feet. 
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KANSAS  RIVER. 

The  Kansas  is  formed  by  the  junction  of  Republican  and  Smoky  Hill  rivers  in  ceniraJ 
Kansas,  flows  eastward  for  a  distance  of  180  miles,  and  empties  into  Missouri  Riv^r. 
The  two  streams  that  form  the  Kansas  rise  in  the  foothills  of  the  Rocky  Mountain^,  in 
eastern  Colorado.  The  basin  including  these  streams  has  a  length  of  490  miles,  a  width  c^ 
140  to  190  miles,  and  an  area  of  61,440  square  miles.  It  is  rolling  prairie  count r}%  tbc 
eastern  third  being  under  cultivation,  the  remainder  covered  with  tough  buflfalo  grass  >od. 
There  is  little  timber  and  no  surface  storage.  The  surface  falls  gradually  from  an  elei-atiivi 
of  about  5,500  feet  to  750  feet  at  the  mouth  of  the  stream.  The  mean  annual  precipitatitA 
varies  from  about  12  inches  in  the  western  part  to  35  or  40  inches  in  the  eastern  part.  Tbt> 
river  bottom  ranges  in  width  from  1  to  4  miles  and  is  almost  entirely  submerged  during  the 
largest  floods,  the  natural  channel  being  entirely  inadequate  to  pass  the  flood  flow,  the 
average  slope  of  stream  bed  being  only  1.8  feet  per  mile. 

The  following  table  gives  the  daily  rate  of  flow  of  Kansas  River  at  Lawrence  or  Lecomp- 
ton,  Kans.,  during  the  lai^er  floods  from  1881  to  1905: 

Flood  flow  ofKansds  River  at  Lawrence  and  Lecomptony  KaTis.,  1881-190o.a 

[Drainage  area  at  Lawrence,  50,841  square  miles;  drainage  area  at  Lecompton,  58.550  square 

miles.] 

Year.  Date.  I  Discharge.   Year.  Date.  -  Di«charsi.\ 


1881 
1882 
1883 
1886 
1889 

1891 
1892 
1893 

1895 


I 
March? " "         18,700  I  1895     August  19 '  17,3» 


Sec-feet.  '|  |    Sec.-fett. 


AprlllO '  19,370   1  1896  '  July  20 l  53.3» 

June25 |  19,370  j  1897  1  April  26 '..  67,70:. 

May  10 1  19,370  'j  1898     June  10 |  28. «* 

Mayl3 24,340   ;i899     JulyS *30.2*i 

July  22 ;  24,340   I  1900     March  10 «»24.<«i> 

Junel I  35,600   i  1901  ,  April  14 1  *2S,&«' 

May  16 |  67,700  I    1902  |  July  15 '  fr81,4Lt- 

Junes I  19,370   j  1903     May  31 *  c  221.  Oft 

June25 26,620   ,  1904  '  July  7 '  *130.ft«i 

JunelO I  17,390      1905  '  September  18 *56.000 

i  ll  I                                                        I  ■ 


a  This  station  is  described  in  Water-Sup.  and  Irr.  Paper  No.  99,  p.  208. 

b  At  Lecompton,  Kans. 

c  From  May  28  to  June  7  the  discharge  was  above  100,000  second-feet. 

The  largest  flood  during  this  period  occurred  in  May  and  June,  1903.  It  is  fully  described 
in  Water-Supply  Paper  No.  96.  The  maximum  daily  rate  o^ flow  was  221,000  second-feet, 
or  3.78  second-feet  per  square  mile.  Although  this  rate  is  very  small  as  compared  with 
that  of  eastern  streams  of  the  same  drainage,  it  was  an  exceedingly  large  flood  for  this  stream 
and  caused  the  loss  of  $22,000,000  worth  of  property  in  Kansas  and  at  Kansas  City,  Mo. 

During  this  flood  the  greatest  daily  rate  of  flow  of  Blue  River,  one  of  the  tributaries  of 
the  Kansas,  was  7.2  second-feet  per  square  mile. 

The  spring  floods  in  this  basin,  due  to  melting  snow,  are  small  compared  with  those  that 
occur  in  May,  June,  and  July. 

In  1844  there  was  a  flood  in  this  basin  that  is  said  to  have  equaled  or  exceeded  that  vi 
1903,  but  there  is  little  data  concerning  this  flood. 
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RIO  GRANDE. 

The  Rio  Grande  rises  in  the  Rocky  Mountains  in  the  southern  part  of  Colorado,  flows  in 
a  southerly  direction  through  New  Mexico,  in  a  southeasterly  direction  through  Texas, 
and  empties  into  the  Gulf  of  Mexico.  The  basin  above  San  Marcial  is  long  and  compara- 
tively narrow  and  it«  area  above  the  gaging  station  at  that  place  is  28,067  square  miles. 
The  slopes  are  steep,  bare,  and  impervious,  with  no  surface  storage.  The  precipitation  is 
small  and  generally  torrential,  except  that  which  falls  as  snow  at  the  headwaters  of  the 
streams. 

The  following  table  gives  the  daily  rate  of  flow  of  the  Rio  Grande  at  San  Marcial,  N.  Mex., 
during  the  lai^est  floods  from  1895  to  1905 : 

Flood  flow  of  the  Rio  Grande  at  San  Marcial,  N.  Mex.  J 895  to  1905. a 
[Drainage  area,  28,007  square  miles.] 


Year. 


1S05 
1896 

1807 

1898 

1899 
1900 

1901 
1902 
1903 
1904 


Date. 


I  Discharge.    Year. 

I,       _l 

'    Sec-feet,    i  | 


Date. 


AprillS I  7,800 

April  29 1  4,800 

May  15 4,800 

May  21 '  21,750 

June  3 1  10,750 

April  30 11,300 

July  17 1  16,775 

July  20 4,655 

May  22 1  6,260 

September9 '  8,S00 

May  25..... '  5,600 

August  26.. I  10,500 

June  18 1  18,880 

Septeml)er29 !  3,280 

September  30 ,  7,550 


1904 


ll  I 


1905 


October  1. 
Octol)er  2. 
Octolxjr  3. 
October  4. 
Ocober9.. 
October  10 
October  11 
October  12 
October  13 
October  14 

May  23 

May  24.... 

May  25 

May  26 


1 


Discharge. 


c.-feet. 

8,550 
18,400 
19,700 

5,000 
12,000 
24,000 
33,000 
24,800 
21,750 
15,900 
28,600 
29,070 
23,540 
28,000 


a  A  description  of  this  gaging  station  is  given  in  Water-Sup.  and  Irr.  Paper  No.  99,  p.  382. 
Note.— The  discharge  was  zero  during  the  months  of  July,  August,  and  part  of  September,  1900. 

The  greatest  rate  of  flow  during  this  i>eriod  was  in  October,  1904.  The  mean  rate  for 
October  11  was  33,000  second-feet,  or  1.17  second-feet  per  square  mile.  This  flood  is 
described  in  Water-Supply  Paper  No.  147,  pages  143  to  150. 

Second  in  size  to  this  was  the  flood  of  May,  1905,  described  on  pages  34  to  38  of  this 
paper.     The  maximum  rate  of  flow  was  1.04  second-feet  per  square  mile. 
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WESTERN  STREAMS. 

The  maximum  rate  of  discharge  of  some  of  the  important  streams  in  the  arid  region  is 
given  in  the  following  table: 

Maximum  rate  of  fiow  of  certain  western  streams ,  by  years,  1886-1905. 

[Drainage  areas  above  gaging  stations,  in  square  miles:  Colorado,  37,000;  Loup,  13,540;  Platte.  StV^. 

Arkansas,  4,G0O.] 


Year. 

Colorado  River  at 
Austin,  Tex. 

Loup  River  at  Colum- 
bus, Nebr. 

Platte  River  at  Co- 
lumbus, Nebr. 

Arkansas  B 
Pueblo,  C 

iver  tt 
olo. 

Dis- 
chaige. 

Date. 

Dis- 
charge. 

Date. 

Dis- 
cliargc. 

D«te.     le,^.'-. 

Month.     1 

1886... 

Sec-feet. 

Scc.-feet. 

Sec-feet. 

Sec-itfL 

May IM 

July 6.'^iB 

1887 . . . 

1 1 , i 

1888... 

1                    1 

June e2.:tfl 

August *2,S30 

May ^3.270 

1889... 

1 

:                                        ! 

1890... 

i 

1      . 

1891 . . . 

June M.230 

1892... 



June M,TSO 

1893... 

June 1      Mja 

June ' 

1894... 

1895 . . . 

June  3 

June  6 

July 

June 

July 

June 

June 

July 

August 

June 

July 

9,100     Junel 

27.200 
14,900 
31,000 
24,600 
25,770 
35,400 
28,400 
13,800 
21,600 
18,190 
51,100 

July 5.00C 

1896... 
1897... 
1898... 
1899... 
1900... 
1901  .. . 
1902... 
1903... 
1904... 
1905... 

October 

January  2... 

June  16 

Junes 

April  7 

July  13 

July  28 

February  27 

Junes 

April 

14,100 
11,000 
29,000 
103,400 
123,000 
40,900 
31,250 
32,500 
46,140 
51,190 

0  70,000 

27,000 

6,670 

6,980 

14.300 

5,900 

10,900 

20,000 

20,000 

25,800 

June  10.... 

June 

June 

May 

May 

April 

May 

May 

June 

June 

August 

June 

July 

June 

June 

May 

August 

June 

June 

June 

3,4* 
3,750 
5.30 
4,S90 
6.9K! 

n.oii:' 

S.33;' 
3.310 

a  Mean  rate  from  7  p.  m.  June  6  to  2  a.  m,  June  7. 
6  At  Canyon,  Colo. 
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Maximum  rate  offlau)  of  certain  western  streams  j  hy  years,  1886-1905 — continued. 

Iuare  miles: 
eiser,  894.] 


[Drainage  areas  above  gaging  stations,  in  sauare  miles:  Bear,  6,000;  Humboldt.  10,780;  Boise,  2,450; 

Wei 


Boar  River  at  Col- 
linston,  Utah. 


Year. 


Month. 


1800... 

May. 

1801... 

May. 

1802... 

May. 

1803... 

May. 

1894... 

May. 

1805... 

May. 

1806... 

May. 

1897... 

May. 

1808.   . 

June 

1899.   . 

June 

1900... 

May. 

lOOJ  . . . 

May. 

1902... 

June 

1903... 

May. 

1904.. 

May. 

1005.. 

May 

Dis- 
charge. 

Sec-feet. 
8,220 
5,000 
6,260 
0,470 
7,900 
5.000 
5,050 
10,590 
5,320 
6,640 
4,650 
4,950 
3,340 
3,350 
6,700 
2,760 


lIunil3oIdt  River  at 
Golconda,  Nev. 


Month. 


I      Dis- 
I  charge. 

Sec. 'feet. 


Boise  River  at 
Boise,  Idaho. 


Month. 


.1. 


Dis- 
charge. 

Sec-feet. 


W eiser  River  at  Weis- 
er.  Idaho. 


Month. 


June... 
May... 
March. 
May... 
Juno... 
March. 
Juno... 
June... 
April .. 
May   . 


1,614 
3,1MI 

485 
2,230 

464 
3,080 

523 

740 
1,060 

356 


'  May.. 

June.. 
I  April . 
I  May.. 
i  May.. 
I  May.. 

May.. 
[  May.. 
:  June.. 

April. 
I  June. 


7,100 
40,130 
28,670 

8,250 
19,050 
11,960 
12,670 

8.190 
16,750 
19,680 

0,260 


March 

May 

April 

April 

March 

March 

February... 
February... 

March 

March 


Dis- 
charge. 

Sec-feet. 


6,130 
17.940 
17,180 
3,880 
0.580 
8,120 
7,140 
7,340 
10,410 
11,620 


[Drainage  areas  above  gaging  stations,  in  square  miles:  Tuolumne,  15  000.  Kern,  2,345:  Kings.  1.742.) 


Year. 

Tuolumne  River  at  Lagrange 
Cal. 

Kern  Hiverat  Rio  Bravo 
ranch,  Cal. 

Kings  River  at  Sanger.  Cal. 

Month. 

Dis- 
charge. 

"""t".                „,i'4-e. 

Month 

Dis- 
charge. 

1880.- 

Sec- feet. 

Sec  feet 

Sec-feet. 

1890 

1891.. 

1892.. 

1893   .' 

1894.. 

.      .                         1 

May 

2.210 
6,:)80 
3.610 
6,340 
1.340 
4.930 
1,970 
4.420 
3.760 
3,371 

1895.. 

May      

1896.. 

Marcn  

11.800 
14,700 
7,801) 
21.801) 
14,440 
19.240 
\i  6i0 
20.340 
17,85(1 
13.0«) 

Juno    

May 

May     

22,100 

1807    . 

May 

AplU      

Mav 

22.730 

1896.. 

April        

Marcn     

May 

May     

.\ptu 

May         

ApiU 

March     

November 

January  

7.820 

I89f».. 
1900.. 
1901 -. 
1902   . 
1903.. 
1904.. 
1905.. 

March 

November 

February 

20,200 
15.700 
43,930 

Apiil 

April       .      ... 

April 

26,380 

May 

17.290 

May 

J  une 

June 

3,170 
3,03'J 

May 

15,700 

March 

June 

9,795 
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FLOOD-FLOAV    CHARACTERISTICS. 

The  flood-flow  data  on  pages  56  to  85  are  summarized  in  the  following  table,  which 
gives  the  drainage  area  in  square  miles  of  each  river  basin  above  the  place  of  measurpmcnt ; 
the  length  of  record,  or  number  of  years  that  flood  observations  have  been  made:  tht 
largest  daily  rate  of  flow  during  the  period  of  observation;  the  largest  range  of  stage  during 
that  period,  and  the  number  of  times  that  floods  of  a  given  magnitude  compared  with 
the  largest  flood  have  occurred  in  the  period.  This  comparison  of  magnitude  is  by  ratf  nf 
flow,  not  by  stage,  except  in  a  few  cases.  The  mie  of  flow  per  foot  increase  of  stagr-  i- 
much  greater  for  the  higher  stages  than  the  lower  ones,  so  that  the  frequency  of  the  ?ittet 
of  from,  say,  0.8  to  0.9  of  the  maximum  stage  is  much  greater  than  the  frequency  of  th^ 
rate  of  flow  of  from  0.8  to  0.9  of  the  maximum  rate  of  flow. 

An  examination  of  this  table  will  show  that  the  streams  in  certain  sections  have  definitt 
flood-flow  characteristics.  Streams  Nos.  1  to  6  form  a  northern  group.  The  larger  flc>*Kl> 
on  these  streams  all  occur  in  the  spring.  They  are  due  to  the  rapid  melting  of  snow  and 
are  intensified  at  times  by  the  formation  of  ice  gorges.  The  depth  of  snow^  on  the  ground 
in  the  early  spring  and  the  rate  at  which  it  melts  are  the  controlling  flood  factors  on  thes«- 
streams.  Floods  due  to  rain  alone  are  of  about  half  the  magnitude  of  the  spring  floi<L< 
and  of  much  shorter  duration.  The  maximum  rate  of  run-off  of  these  streams  is  small  (15 
to  25  second-feet  per  square  mile)  compared  with  streams  elsc-wfiere  of  the  same  size  of 
basin  and  depth  of  annual  precipitation.  Floods  of  the  first  or  second  magnitude  (fronr. 
0.8  to  1  of  the  magnitude  of  the  greatest  recorded  flood)  may  be  expected  to  occur,  on  ar. 
average,  once  in  twelve  to  fifteen  years. 

Streams  Nos.  7  to  11  form  a  second  group.  The  rate  of  flood  flow  is  lai^er  than  that  of 
the  streams  in  group  1.  Some  of  the  large  floods  in  the  spring  are  due  to  melting  snow 
and  some  are  due  entirely  to  rain.  The  summer  floods  are  not  so  long  in  duration  as  tin* 
spring  floods.  Large  floods  in  streams  of  this  group  are  not  so  frequent  as  in  those  <if 
group  1.    They  occur  about  once  in  twenty  to  forty  years. 

The  length  of  record  of  the  four  southeastern  streams  (Nos.  12-15)  is  too  short,  except 
that  of  the  Savannah,  to  include  the  largest  flood.  The  range  of  stage  is  large.  Th« 
frequency  of  occurrence  and  duration  of  floods  are  also  lai^e,  because  of  sluggish  flow.  Tlir 
largest  flood  occurred  in  the  fall,  and  had  a  rate  of  flow  somewhat  less  than  the  lai^p^t 
rate  of  flow  in  group  2. 

The  largest  floods  in  the  upi>er  Ohio  basin  occur  in  the  spring.  Two  exceptions  are  the 
flood  of  July,  1888,  on  the  Monongahela,  and  that  of  August,  1888,  on  the  Youghiogheuy. 
They  resemble  somewhat  those  on  streams  of  groups  1  and  2,  but  are  more  like  the  latter 
than  the  former. 

The  Illinois  and  upper  Ohio  rivers  have  a  remarkably  small  rate  of  flood  flow — ^less  than 
3 J  second-feet  per  square  mile.  The  large  floods  occur  in  the  spring.  The  laiigest  flood 
on  Grand  River,  Michigan,^  in  probably  a  century  had  a  maximum  daily  rate  of  about  > 
second-feet  per  square  mile  of  drainage  area. 

Streams  23-28  are  in  the  arid  and  semiarid  regions,  and  their  rate  of  flood  flow  is  very 
small.  Very  large  floods  occur  rarely  on  those  streams,  and  are  due  to  heavy  rain.  Ordi- 
nary floods  generally  occur  in  the  spring,  and  are  due  to  melting  snow.  An  exception  :«» 
this  rule  is  shown  by  Kansas  River.  The  two  great  floods  on  Kansas  River  were  ab<»ui 
sixty  years  apart. 

Other  less  important  facts  can  be  seen  from  a  study  of -the  data. 


a  Water-Sup.  and  Irr.  Paper  No.  147,  p.  40. 
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INDEX  TO  FLOOD  LITERATURE. 

The  following  index  to  flood  literature  in  the  United  States  has  been  compiled  from  the  j 

indexes  of  the  principal  publications  that  treat  of  the  subject.  The  floods  have  been 
indexed  by  streams  and  by  the  principal  places  affected  by  the  flood.  Throughout  tbp 
index  an  attempt  has  been  made  to  distinguish  between  the  descriptions  of  flood  and  the 
flood  discharges.    The  index  is  not  exhaustive,  but  comprises,  it  is  believed,  all  important  | 

articles:  i 

Adams,  N.  Y.,  discharge  of  Sandy  Creek  at,  1897  and  1898 Hydrology  State  of  New  | 

York,  1905,  p.  461 

Ager's  mill,  N.  Y.,  discharge  of  Moose  River  at,  April,  1869 Hydrology  State  of  New  | 

York,  1905,  p.  466 

Albany,  N.  Y.,  flood  damages  at Eng.  News,  vol.  43,  1900,  p.  132 

freshets  and  ice  gorges  at Hydrology  State  of  New  York,  1905,  p.  469 

Allegan,  Mich.,  discharge  of  Kalamazoo  River  at,  March,  1903 Water-Supply  Paper  No. 

83,  U.  S.  Geol.  Survey,  1903,  pp.  268,  269 
Allegheny  River,  N.  Y.,  floods  on,  at  Red  House,  1832  and  1865. ...  .Water-Supply  Paper 

No.  36,  U.  S.  Geol.  Sur\'ey,  1900,  p.  158 
Arizona  dam,  discharge  of  Salt  River  at,  February,  1890,  and  February,  1901 . . .  12th  Ann.  j 

Rept.  U.  S.  Geol.  Survey,  pt.  2,  pp.  312-313 

Arkansas  City,  Ark.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

-   Survey,  1905,  p.  110 

Arkansas  River,  discharge  of,  at  La  Junta,  Colo.,  May,  1894 Bulletin  No.  131,  U.  S.  Gttil. 

Survey,  pp.  37,  38 

discharge  of,  at  Syracuse,  Kans.,  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  19a5.  p.  169 

flood  on,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  109 

September,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  165 

great  floods  on.  .Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  by i 

Humphreys  and  Abbott,  p.  46  | 

Augusta,  Ga.,  discharge  of  Savannah  River  at,  1884  and  1891 14th  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  2,  p.  149 

levees  proposed  for  protection  of Rept.  Chief  Eng.  U.  S.  A.,  1900,  pp.  1496-1496 

Austin,  Tex.,  discharge  of  Colorado  River  at,  1889 Water^upply  Paper  No,  40. 

U.  S.  Geol.  Survey,  1900,  p.  31 

Baldwinsvillc,  N.  Y.,  discharge  of  Seneca  River  at,  July,  1902 Hydrology  State  of 

New  York,  1905,  p.  4,5S 

Beaver  River,  N.  Y.,  discharge  of,  at  Beaver  Falls,  1869 Hydrology  State  of 

New  York,  1905,  p.  466  j 

Belle  Fourche  River,  S.  Dak.,  discharge  and  flood  on,  at  Belle  Fourche Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  55,  57 

Big  Sandy  Creek,  Ariz.,  discharge  of,  August,  1904 Water-Supply  Paper  No,  147. 

U.  S.  Geol.  Survey,  1905,  pp.  11 5- 118 

Binghamton,  N.  Y.,  discharge  of  Susquehanna  River  at,  1865  and  1902 Hydrology 

State  of  New  York,  1905,  p.  486;  Water-Supply  Paper  No.  82,  U's.Geol. 

Survey,  1903,  pp.  147-150 

discharge  of  Chenango  River  at,  1902 Hydrology  State  of  New  York,  1905,  p.  487 

Black  River,  N.  Y.,  discharge  of,  near  Carthage,  April,  1869 Hydrolog>'  State  of 

New  York,  1905,  p.  465 
discharge  of,  near  Carthage,  Forcstville,  Lyons  Falls,  Ontario  Paper  Mills,  and  Water- 
town,  April,  1869 Water-Supply  Paper  No.  65,  U.  S  Geol. 

Survey,  1902.  p  105 

Blue  River,  Kans.,  flood  on,  at  Manhattan,  May  and  June,  1903 Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  36 

flood  on,  at  Manhattan,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  74 
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Boonton,  N.  J.,  discharge  of  Rockaway  River  at,  March,  1902 Water-Suppij  Paper 

No.  88,  U.  S.  Geol.  Survey,  1903,  p.  37 

Budlong  Creek,  N.  Y.,  discharge  of,  near  Utica,  March,  1904. Rept.  State  Eng.  New 

York,  1904,  p.  588 
Cache  Creek,  Cal.,  discharge  of,  at  Yola,  February  and  March,  1904.  .Water-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 

Cache  La  Poudre  River,  Colo.,  flood  on.  May,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  154 

Canadian  River,  discharge  of,  and  flood  on,  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  120, 124 
Carlsbad,  N.  Mex.,  flood  at,  September  and  October,  1904. .  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  133 
Carthage,  N.  Y.,  discharge  of  Black  River  at,  April,  1869  . . .  .Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  105;  Hydrology 
State  of  New  York,  1905,  p.  465 

Caslers  Mill,  N.  Y.,  discharge  of  Otter  Creek  at,  April,  1869 Hydrology  State  of  New 

York,  1905,  p.  466 

C-atskill  Creek,  N.  Y.,  discharge  of,  at  Woodstock's  dam,  1901 Hydrology  State  of 

New  York,  1905,  p.  474 

CayutA  Creek,  N.  Y.,  discharge  of,  at  Waverly,  1904 Rept.  State  Eng.  New  York, 

1904,  p.  647 

Chanute,  Kans.,  flood  at,  1904 . Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey, 

1905,  p.  91 
Chatham,  N.  J.,  discharge  of  Passaic  River  at,  March,  1902.  .Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1903,  p.  37 

Chemung  River,  N.  Y.,  protection  from  floods  of,  at  Corning Eng.  News,  vol.  38 

1897,  p.  146 

Chenango  River,  N.  Y.,  discharge  of,  at  Binghamton,  1902 Hydrology  State  of 

New  York,  1905,  p.  487 

Coleman,  N.  Y.,  discharge  of  Oriskany  Creek  at,  .spring  of  1888 Hydrology  State  of 

New  York,  1905,  p.  485 

Colorado  River,  historic  floods  on Water-Supply  Paper  No.  40,  U.  S.  Geol.  Survey, 

1900,  p.  33 

Colorado  River,  Tex.,  discharge  and  flood  of,  at  Austin,  1899 Water-Supply  Paper 

No.  40,  U.  S.  Geol.  Survey,  1900,  pp.  30,  31 
Columbus,  Nebr.,  discharge  of  Loup  River  at,  June,  1896 .  . .  .18th  Ann.  Rept.  U.  S.  Geol. 

Survey,  pt.  4,  p.  184 

Columbus,  Ohio,  discharge  of  Scioto  River  at,  1898 20th  Ann.  Rept.  U,  S.  Geol. 

Survey,  pt.  4,  p.  214 
Colusa,  Cal.,  discharge  of  Sacramento  River  at,  March,  1879,  and  January,  1904. . .  .Rept. 

Commissioners  Public  Works  California,  1895,  pp.  52-58 

Conemaugh  River,  flood  of,  at  Johnstown,  Pa.,  1889 Eng.  News,  vol.  21,  1889,  pp.  517, 

540,  669,  578,  vol.  22,  1889,  p  153.  Eng  Kec  ,  vol.  19,  1889,  pp.  15,  16,  25,  31, 32 

flood  of  July,  1904 Water-Supply  Paper  No   147,  D.  ^).  Geol.  Survey.  1905,  p.  Ud 

obstniction  of Eng  News,  vol.  25,  1891,  p.  614 

Connecticut  River,  discharge  of,  at  Hartlord,  Conn Rept.  Chief  Eng., 

U.S.  A  .  1887,  pp  357,358 

floods  on Rept.  Chief  Eng.,  U.  S.  A.,  1868,  p.  761 ; 

1873,  p  364,  1878,  p.  265,  1880,  p.  403 
Copper  Hill  Wash,  discharge  of,  at  Glolx»,  Ariz.,  August,  1904. .  .Water-Suppiy  Paper  No. 

147,  C.  S.  Geol.  Survey,  1905,  p.  119 

Corning,  N.  Y .,  flood  protection  lor Eng.  News,  vol.  36,  1897,  p.  146 

Crandalls  Mill,  N.  Y.,  dischai-ge  of  independence  Creek  at,  April,  1869 Hydrology 

Stat^  of  New  York,  1905,  p.  466 
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Croton  River,  dischai^  of,  at  Crotoa  dam,  1841, 1853,  1854 Hjdrolo^ 

State  of  New  York,  1905,  p.  47:^ 

Crow  Creek,  Wyo.,  flood  on,  May,  1904 Water-Supply  Paper  No.  14. 

U.  S.  Geol.  Survey,  1905,  p.  IV. 

Culverts,  discharge  of  small  streams  and  capacities  of Eng.  News,  vol.  41 ,  1899,  p.  61 

Davis  Crevasse  Levee  on  Mississippi  River.  .Trans.  Am.  Soc.  Civil  Eng.,  vol.  17, 1887,  p.l9'J 

Deer  River,  N.  Y.,  discharge  of,  at  Deer  River,  April,  1869 *. Hj'drokjp- 

State  of  New  York,  1905,  p.  4«r:. 

Dischai^  during  floods  in  New  York  State H.  Doc.  1-19. 

56th  Congress,  2d  se^ion,  pp.  790-.>U' 

from  small  watersheds Technology  Quarterly,  vol.  4,  1891,  pp.  316-3J7 

maximum  rate  of Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  1^4 

minimum  rate  of Rept.  on  Bai^  Canal,  1901 ,  pp.  Sol-vH 

of  small  streams  and  capacities  of  culverts Eng.  News,  vol.  41,  1899,  p.  61 

of  streams  during  floods Eng.  Rec.,  vol.  39,  1899,  p.  Itw^ 

Dolgeville,  N.  Y.,  discharge  of  East  Canada  Creek  at,  August,  1898 Hydrologj'-  State  **l 

New  York,  1905,  p.  4M 

Dundee  dam,  N.  J.,  discharge  of  Passaic  River  at,  1902,  1903. .  .W^ater-Supply  Paper  Ni». 

88,  U.  S.  Geol.  Survey,  1903,  p.  43;  No.  92,  1904,  pp.  21,  22 

Dunsbach  Ferry,  N.  Y.,  discharge  of  Mohawk  River  at,  1898, 1900, 1901.  .Hydrology  Stnte 

of  New  York,  1905,  p.  475 

flood  at,  June,  1904 Water-Supply  Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  isl 

East  Canada  Creek,  N.  Y.,  discharge  of,  near  Dolgeville,  August,  1898,  April,  1900, 

April  and  December,  1901 .  .Water-Supply  Paper  No.  65,  U.  S.  G^>\. 
Survey,  1902,  p.  160;  Hydrology  State  of  New  York,  ISaS,  p.  4M 

East  St.  Louis,  111.,  flood  protection  works  at Eng.  News,  vol.  51,  1904,  p.  ll^ 

proposed  levees  and  relief  canal  at Eng.  News,  vol.  49,  1903,  pp.  118,  17^ 

El  Paso,  Tex.,  discharge  of  Rio  Grande  at,  1904 Watei^upply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  U.' 

Elmira,  N.  Y.,  protection  against  floods  at Report  of  Mayor  of  Elmira,  Feb.  12,  isi^ 

Ellsworth,  Kans.,  discharge  of  Smoky  Hill  River  at.  May  and  June,  1903..  .Water-Supph 

Paper  No.  96,  U.  S.  Geol.  Survey,  1904,  p.  .'Vi 

flood  at,  June,  1S04 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  19a5,  p.  7r 

Emporia,  Kans.,  flood  near,  June,  1904 W^ater-Supply  Paper  No.  1 47. 

U.  S.  Geol.  Sur\-ey,  19a5,  p.  U 

Enoree  River,  S.  C,  flood  on,  June,  1903 Water-Supply  Paper  No.  i*\ 

U.  S.-Geol.  Sur\^ey,  1904,  p,  l.'i 

Esopus  Creek,  N.  Y.,  discharge  of,  at  Rosendale,  March,  1902 Hydrology  State  of  Xe^ 

York,  1905,  p.  474 

Fall  River,  Kans.,  flood  on,  at  Fall  River,  June,  1904 W^ater-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  UM 
Feather  River,  Cal.,  discharge  of,  at  Oroville,  February  and  March,  1604  ..  .Water-Supph 

Paper  No.  147,  U.  S.  Geol.  Survey,  19a5.  p.  1» 
Fish  Oeek,  N.  Y.,  discharge  near  Camden,  1889,  Taberg  Station,  1898,  and  West 

Camden,  1884 Water-Supply  Paper  No.  r«-' 

U.  S.  Geol.  Survey,  1902,  p.  1«^ 

Fish  Creek  (East  Branch),  N.  Y.,  discharge  of,  at  Point  Rock,  1889 Water-Supph 

Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  108;  Hydrology  State  of  .\<  c 

York,  1905,  p.  4*^ 

Fish  Creek  (West  Branch),  N.  Y.,  discharge  of,  at  McConnellsville,  1884 Water-Supp'- 

Paper  No.  65,  U.  S.  Geol.  Survey,  1902.  p.  H^ 
Hydrolog}-  State  of  New  York,  1905,  p.  4"^'' 
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Floods,  causes  of Proc.  Inst.  Civil  Eng.,  vol.  45,  p.  63 

causes  and  seasons  of,  on  western  rivers Eng.  Mag.,  vol.  8,  1897,  p.  1038 

discussion  of  flood  problems  and Monthly  Weather  Review,  September,  1899 

Government  engineers  responsibility  for Eng.  News,  vol.  49,  1903,  p.  566 

increasing  frequency  of Rept.  Chief  Eng.,  U.  S.  A.,  1875,  vol.  2,  p.  510 

produced  bj'  backwater  from  dams . .  .Trans.  Am.  Soc.  Civil  Eng.,  vol.  2,  1873,  p.  255 
Flood  discharge,  determination  of,  and  backwater  caused  by  stream  contraction  ..  .Trans. 

'  Am.  Soc.  Civil  Eng.,  vol.  llj  1882,  p.  211 

and  maximum  rate  of  flow  of  streams Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p:  184 

and  minimum  rate  of  flow  of  streams Rept.  on  Barge  Canal,  1901,  pp.  851-964 

of  streams  in  New  York  State H.  Doc.  149,  56th  Congress,  2d  session, 

pp.  790-816';  Eng.  Rec,  vol.  39,  1899,  p.  163 
Flood  prevention,  forest  preservation  and.  -Eng.  News,  vol.  29, 1903,  pp.  324, 369,  478,  566 

general  discussions  of Eng.  Mag.,  vol.  32,  p.  13; 

vol.  ,'0,  pp.  351,  388:  Van  Nostrand's  Eng.  Mag.,  vol.  9,  1873, 

p.  65;  vol.  24,  1881,  p.  131;  vol.  28,  1883,  p.  108;  vol.  34, 1886, 

p.  131;  Proc.  Inst.  Civil  Eng.,  vol.  69,  p.  323;  vol.  76  p.  395 

reservoirs  and.  .Proc.  Inst.  Civil  Eng.,  vol.  101,  p.  408;  Eng.  News,  vol.  25, 1891,  p.  258 

works  designed  for Proc.  Inst.  Civil  Eng.,  vol.  67,  p.  309 

Flood  waters,  disposal  of Proc.  Inst.  Civil  Eng.,  vol.  60,  p.  130 

Flood  waves,  movement  of Rept.  Commissioner  Public  Works,  California,  1895,  p.  130 

Forestville,  N.  Y.,  dischai^e  of  Black  River  at,  April,  1869.  .W^ater-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  105 

Fort  Gibson,  Ind.  T.,  flood  near,  Juno,  1604 W'ater-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  91 
Fort  Hunter,  N.  Y.,  discharge  of  Schoharie  Creek  at,  1892  and  1£01.  .Hydrology  State  of 

New  York,  1905,  p.  483 

French,  N.  Mex.,  discharge  of  Canadian  River  at,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  124 
Fulton,  N.  Y.,  discharge  of  Oswego  River  at.  .Hydrology  State  of  New  York,  1£05,  p.  458 
Gallinas  River,  N.  Y.,  discharge  and  flood  on,  at  Hot  Springs,  September  and 

October,  1^:04 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  138 

Galveston,  Tex.,  flood  at,  September  8,  ISOO Eng.  News,  vol.  44,  1€00, 

pp.  173,  180,  196,  205 

protection  of,  plans  for Eng.  News,  vol.  47,  1902,  pp.  77,  343 

Genesee  River,  N.  Y.,  dischai^  of,  at  Mount  Morris,  1890,  1893,  and  1894 Rept. 

Special  Commission  on  Flood  Conditions  of  Genesee  River,  1905,  p.  45 

discharge  of,  at  Mount  Morris,  May,  1894 Hydrology  State  of  New  York, 

1905,  p  445:  Rept.  Special  Commission  on  Flood 
Conditions  of  Genesee   River,    1£05,  pp.  4-44 

at  Mount  Morris,  July,  1902 Hydrology  State  of  New  York,  1605,  p.  449 

at  Portage,  JuW,  1902 Rept.  Special  Commission  on 

Flood  Conditions  of  Genesee  River,  1905,  p.  45 

at  Rochester,  March,  1865,  and  June,  1889 Wat«r-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  141;  No.  97,  1904,  pp.  400-403 

in  1857,  1865,  1867,  1873,  1875,  1879,  1889,  1896,  1902 Rept.  Special 

Commission  on  Flood  Conditions  of  Genesee  River,  1905,  p.  45 

in  K04 Rept.  State  Eng.  New  York,  1904,  p.  517 

flood  conditions  on,  at  Roche.ster Rept.  Speciul  Commission  on 

Flood  Conditions  of  Genesee  River,  1905 
IKR  162—06 7 
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Genesee  River,  N.  Y.,  floods  on,  in  1865, 1869,  and  March  and  July,  1902. .  .Hydrologr  Siav 

of  Xew  York,  1915 
floods  on,  in  1833,  1857,  1865,  1867,  1875,  1889,  1890,  1893, 1894,  1896,  March 

and  July,  1902  and  1904 Repi.  Special  Commission  « 3 

Flood  Conditions  of  Genesee  River,  1905,  pp.  4  U 

Glol)e,  Ariz.,  discharge  and  flood  at,  August,  1904 Wat^r-Supply  Paper  Xo.  147. 

U.  S.  Geol.  Survey,  1905,  pp.  US.  \:\* 
Grand  River,  Mich.,  discharge  of  and  flood  on,  at  Grand  Rapids,  March  and  April. 

1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  4(^  i! 

Groveville   dam,  dischai-ge   of   Fishkill  Creek  at,  in  1882,  1888,  1891,  1893,  1896, 

1902 Hydrology  State  of  New  York,  ItOo,  p.  473 

Harrisburg,  Pa.,  greatest  yearly  discharge  of  Susquehanna  River  at.  .Water-Supply  Pnpr' 

No.  109,  U.  S.  Geol.  Survey,  1905,  p.  17s 

Hartford,  Conn.,  discharge  of  Connecticut  River  at Rept.  Chief  En^.  L'.  .S.  A  . 

1887,  pp.  a57.  :^=i 
Heppner,  Greg.,  discharge  of  Willow  Creek  at,  June  14,  1903.  .Water-Supply  Paper  No. 

96,  li  S.  Geol.  Survey,  1904,  p.  11 

flood  at,  June  14,  1903 Water-Supply  Paper  So.  9ti. 

U.  S.  Geol.  Survey,  1904,  p.  9:  Eng.  News,  vol.  .50,  1903,  p.  %) 
Hill  Tannery,  N.  Y.,  dischal^  of  Woodhill  Creek  at,  April,  1869.  .Hydrology  Slate  o( 

New  York,  1905,  p.  466 
Hondo  River,  discharge  of  and  flood  on,  at  Roswell,  N.  Mex.,  September  and  October, 

1904 Wator-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  pp.  138^14«) 
Hot  Springs,  N.  Mex.,  discharge  of  Gallinas  River  at,  1904.  .Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  l.> 

Hudson  River,  N.  Y.,  discharge  of,  at  Mechanicsville Hydrology  State  of  New  York, 

1905,  p.  4«i7 

flood  damages  on,  at  Albany Eng.  News,  vol.  43,  1900,  p.  J32 

freshets  and  ice  gorges  on Hydrologv'  Stat«  of  New  Y'ork,  1905,  p.  4t>9 

Humboldt.  Kans.,  flood  at,  June,  1604 Water-Supply  Paper  No.  147. 

U,  S.  Geol.  Survey,  1905,  p.  N7 
Ice  jams,  allowance  for,  in  estimating  height  of  streams.  -Eng.  News,  vol.  51,  1904,  p.  4*10 
Independence  Creek,  X.  Y.,  discharge  of,  at  Crandalls  Mill,  April,  1869.  .Hydrology  Slair 

of  New  York,  1905,  p   4*i«i 

Independence,  Kans.,  fl(X)d  at,  June,  1904 Water-Supply  Paper  No.  1 47, 

U.  S.  Geol.  Survey,  1905,  p.  101 
lola,  Kans.,  flood  of  1904  at.  .Water-Supply  Paper  No.  147,  U.  S.  Geol  6urvey,  1905,  p.  Ni 
Iron  Canyon,  Cal.,  discharge  of  Sacramento  River  in,  February  and  March,  1904. .  Waier- 

Supply  Paper  No.  147,  U.  S.  Geol  Survey,  1905,  p   !ri 

Johnstown,  Pa.,  flood  of  1889  at Eng.  News,  vol.  21,  1889,  pp  517,  540,  569,  57^: 

vol.  22,  p.  1.5:^;  Eng.  Rec  ,  vol.  19,  1889,  pp    15,  16,  25,  31,  32 
flood  of  July,  1904,  at.  .Water-Supply  Paper  No.  147,  U  8.  Geol  Survey.  1905,  p   113 

obstruction  of  siream  at Eng.  News,  vol.  25,  1»9I,  p.  614 

Junction,  Kans.,  discharge  of  Republican  River  at,  May  and  June,  1903 Water-bupplv 

Paper  No.  96,  U.  S  Geol.  Survey,  1904,  p  Ji 

flood  of  1904  at Water-Supply  Paper  No.  147,  U.  S  Geol.  Surve}  ,  1905,  p  7i 

Kalamazoo  River,  Mich.,  discharge  of,  at  Allegan,  March,  1903 Watef-Supply  Paper 

No.  8.3,  U.  S  Geol.  Survey,  1903,  pp  26S,  2b0 

Kanawha  River,  great  floods  of Rept.  Chief  Eng  V.  S  A.,  1»76,  vol.  2,  p.  lt)3 

Kansas  City,  .Mo.,  engineering  aspects  of  floods  at Eng.  Rec  ,  vol.  48,  1903.  p   '^) 

flood  of  1904  at Water-Supply  Paper  No   147,  U.  S  Geol.  Survey.  1905,  p  61 

Kansas  River,  at  Kansas  City,  engineering  aspects  of  floods  on En?  Re   . 

vol.  48,  1903,  p.  '3kX) 
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Kaasas  River,  at  Kansas  City,  Mo.,  flood  on,  in  May  and  June,  1903 Water-Supply 

Paper  No.  96,  U.  S.  Geol.  Survey,  1902,  p.  28 
flood  on,  in  1904. .  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  61 

at  Lawrence,  Kans.,  discharge  of,  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  22;  No.  147, 1905,  p.  67 

flood  on,  in  May  and  June,  1903 Water-Supply  Paper  No.  96, 

U,  S.  Geol.  Survey,  1904,  p.  28 

in  1904 Water-supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  66 

at  Lecompton,  Kans.,  discharge  of,  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  36 

discharge  of,  June  and  July,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  67 

flood  on,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  66 

at  Topeka,  Kans.,  flood  on,  in  May  and  June,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  28 
flood  on,  in  1904. . :  Waler-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  61 

obstruction  of  channel  of,  1S04 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  71 

changes  in  channel  of,  caused  by  flood  of  1903 Scientific  American  Supplement, 

Feb.  13,  1904 

prevention  of  damage  from  floods  on Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  70 

La  Junta,  Colo.,  discharge  of  Arkansas  River  at.  May,  1894 Bulletin  No.  131, 

U.  S.  Geol.  Survey,  pp.  37,  38 

La  Plata  River,  Colo.,  flood  on,  October,  1905 Waler-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  169 

Las  Moras  Creek,  Tex.,  discharge  of,  in  1898  and  1900 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  145 
Langiry,  Tex.,  discharge  of  Rio  Grande  at,  October,  1904. .  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  145 
Lawrence,  Kans.,  Kansas  River  at,  discharge  of,  June,  1903.  .Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  22;  No.  147, 1S05,  p.  67 

Kansas  River  at,  flood  on,  in  May  and  June,.  1903 Water-Supply  Paper  No.  C6, 

U.  S.  Geol  Survey,  1904,  p.  28 
flood  on,  in  1904. .  .Water-Supply  Paper  No.  147,  U.  S  Geol.  Survey,  1S05,  p.  66 

Lecompton,  Kans.,  Kansas  River  at,  discharge  of,  June,  1903 Water-Supply  Paper  No. 

96,  U  S  Geol.  Survey,  1S04,  p.  36 

Kansas  River  at,  discharge  of,  June  and  July,  1904 Water-Supply  Paper  No.  147, 

U    S  Geol  Survey,  1905,  p.  27 

flood  on,  1904 Water-Supply  Paper  No.  147,  U.  S  Geol  Survey,  1905,  p.  66 

Levees,  at  East  St.  Louis,  111.,  proposed,  and  relief  canal Eng  News,  vol.  49,  1903, 

pp. 118, 179 

on  Mississippi  River,  construction  of Eng.  News,  vol  35,  1896,  pp.  66,  77; 

vol  37,  1897,  p.  249 

cost  of Eng.  News,  vol.  38,  1897,  p.  33 

criticism  by  New  York  Times Eng.  News,  vol.  49, 

1903,  pp  276,  346.  408,  vol.  50, 1903.  p.  151 

discussion  ot Trans.  Am.  Soc.  Civil  Eng., 

vol.  3,  1874,  pp.  267,  289;  vol.  17,  1887,  p.  199,  Rep., 
on  Physics  and  Hydraulics  of  Mississippi  River,  p.  151 

eflfect  on  stage  and  discharge Annual  Rept. 

Chief  Eng.  U.  S   A  ,  1888,  pt.  4,  p.  2220:  Eng.  News, 
vol.   23,  1890,  p.  315,   vol.   50,  1903,   pp.   435,  436 
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Levees,  on  Mississippi  River,  function  of Rtpt.  Chief.  Eng.  U.  S.  A.,  1883,  p.  2373 

on  Mississippi  River,  theory  of Trans.  Am.  Sw.  Civil  Ei^.. 

vol.  51,  1903,  pp.  331-114 

vindication  of,  by  levee  engineers Eng.  News,  vol.  50,  1903,  pp.  432.  435 

on  Missouri  River,  eflfect  on  flood  of  1881 Rept.  Mississippi  River  CommissioQ, 

1881,   p.  135 
on  Neosho  River,  Kans.  .Water-Supply  Paper  No.  147,  U.  S.  Geo).  Survey,  1905,  p.  ffi 

reclaiming  lowlands  by  means  of Trans.  Am.  Soc.  Civil  Eng.,  vol.  5,  1876,  p.  115 

theory  of,  tested  by  facts Trans.  Am.  Soc.  Civil  Eng,,  vol.  13,  1884,  p.  331 

Liberty,  Kans.,  Verdigris  River  at,  greatest  annual  discharge  of Water-Supply  Paper 

No.  147,  U.  S.  Geol.  Surrey,  1905,  p.lOl 

Little  Falls,  N.  J.,  discharge  of  Passaic  River  at,  October,  1903 W'atcr-Supply  Paper 

No.  92,  U.  S.  Geol.  Surrey,  1904,  p.  17 

flood  at,  in  1902 Water-Supply  Paper  No.  88,  U.  S.  Geol.  Sur\'ey ,  1903.  p.  39 

Little  Falls,  N.  Y.,  discharge  of  Mohawk  River  at,  1899,  1900,  ISOl,  1902 HjdrologT 

State  of  New  York,  1905,  p.  476:    Water-Supply 
Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  pp.  165^  177 

discharge  of  Mohawk  River  at,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geu!. 

Survey,  1905,  pp.  35,  39;  Rept.  State  Eng.  New  York,  1^04.  p.  5nS 

Logan,  N.  Mex.,  discharge  of  Canadian  River  at,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Suney,  1905,  p.  124 
Los  Alamos,  N.  Mex.,  discharge  of  Sapello  River  at,  October,  1904. . .  Water-SuppIy  Paper 

No.  147,  U.  S.  Geol.  Survey,  19a5,  p.  126 

Loup  River,  discharge  of,  at  Columbus,  Nebr.,  June,  1896 18:.h  Ann.  Rept.  U.  S.  Geol. 

Survey,  pt.  4,  p.  184 

flood  on,  June,  1896 18th  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4,  p.  184 

Lyons  Falls,  N.  Y.,  discharge  of  Black  River  at,  April,  1869. .  .Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  \m 

McCalls  Ferry,  Pa.,  flood  at,  March,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  27;  No.  109,  1905,  pp.  178-180 

McConnellsville,  N.  Y.,  discharge  of  West  Branch  Fish  Creek  at,  1884 Hydrology 

State  of  New  York,  1905,  p.  459;  Wator-Supply 
PaperNo.  65,  U.  S.  Geol.  Survey,  1902,  p.  108 

Macopin  dam,  N.  J.,  discharge  of  Pequanac  River  at,  March,  1902 Water-Supply 

Paper  No.  88,  U.  S.  Geol.  Survey,  1903.  p.  37 
flood  at,  October,  1903.  .Water-vSupply  Paper  No.  92,  U.  S.  Geol.  Survey.  1904,  p   16 

Manhattan,  Kans.,  discharge  of  Blue  River  at,  May  and  June,  1904 Water-Supply 

Paper  No.  96,  Ui  S  Geol.  Survey,  1904,  p.  :#» 

flood  at,  June,  1904 Water-Supply  Paper  No.  147, 1',  h.  Geol.  Survey,  1905,  p.  74 

Mechanicsville,  N.  Y..  discharge  of  Hudson  River  at Hydrology  State  of  New  York, 

1905,  p.  467 

Middle  Loup  River  near  St.  Paul,  Nebr.,  discharge  of,  1866 18th  Ann.  Rept.  U.  S  Ge<»l. 

Survey,  pt.  4,  p.  IM 

Mississippi  River,  flood  on,  in  vicinity  of  St.  Louis,  Mo.,  May  and  June,  1903 Waler- 

Supply  Paper  No.  96.  U.S.  Geol.  Survey,  1904,  p.  29 

flood  on,  in  1882 : Repl.  Chief  Eng.  U.  S.  A.,  1885,  p  2.iS4 

in  1883 Eng   News,  vol.  10,  1883.  pp  294,313 

in  1889  (between  Helena  and  Vicksburg) Trans.  Am.  Soc.  Civil  Eng.. 

vol.  20,  1889,  p.  195 

in  1890 Eng.  News.  vol.  23,  1890,  p.  315 

in  1S97 Eng.  News,  vol.  38,  1897,  pp.  2,  8,  29 

33,  Harpers  Weekly,  Apr.  17, 1897 
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Mississippi  River,  floods  on,  discussion  of. .  .Eng.  News,  vol.  31, 1894,  p.  318;  vol.  35, 1896, 
pp.  66, 77;  vol.  37, 1897,  pp.  242, 248, 259,  264, 283, 314;  vol.  41, 1899, 
p.  50;  Jour.  Assn.  Eng.  Soc.,  vol.  2,  1883,  p.  115;  Kept.  U.  S.  Weather 
Bureau,  1896-97,  pp.  372-431;  Rept.  on  Physics  and  Hydraulics  of 
Mississippi  River,  pp.  167-183;  Rept.  to  U.  S.  Senate  55th  Congress, 
3d  session.  No.  1433;  Trans.  Am.  Soc.  Civil  Eng.,  vol.  11, 1882,  p.  251 

in  spring  of  1903 Bull.  M,  U.  S.  Weather  Bureau 

increasing  elevation  of,  on  Lower  Mississippi ; Jour.  Assn.  Eng.  Soc., 

vol.26,  1901,  pp.  345-401 

rate  of  travel  of Rept.  Chief  Eng.  U.  S.  A.,  1892,  p.  2905 

floods,  early,  on Jour.  Assn.  Eng.  Soc.,  vol.  4,  1885,  p.  87 ; 

Water-Supply  Papier  No.  96,  U.  S.  Geol.  Survey,  1904,  p.l9 

flood  protection  on,  at  East  St.  Louis,  111 Eng.  News,  vol.  51,  1904,  p.  118 

in  lower  portion  of  valley Eng.  News,  vol.  23, 1890,  pp.  364,  372;  vol.  45, 

1901,  p.  427;  Jour.  Assn.  Eng.  Soc.,  vol.  3, 1884,  p.  169; 
Rept.  Mississippi  River  Commission,  St.  Louis,  1883 

methods  of Eng.  News,  vol.  31,1894,  p.  318;  vol.  37, 

1897,  pp.  242,  259,  264,  283,  314;  vol.  38,  1897,  pp.  1,  2, 
8,  29;  vol.  41,  1899,  p.  50;  Eng.  Rcc,  vol.  39*,  1899,  p.  184; 
Engineering,  April,  1891;  Harpers  Weekly,  Oct.  4,  1890; 
Rept.  on  Physics  and  Hydraulics  of  Mississippi  River, 
pp.  330-420;  Jour.  Assn.  Eng.  Soc.,  vol.  25,  1900,  pp.  85-106 

problem  of Jour.  Franklin  Inst.,  vol.  147,  1899,  pp.  297-308 

results  obtained  and  expect-ed  from Railroad  Gazette,  Apr.  22, 29, 1887 

levees  on,  at  East  St.  Louis,  111.,  proposed,  and  relief  canal Eng.  News,  vol.  49, 

1903,  pp*.  118,  179 

construction  of Eng.  News,  vol.  35, 1896,  pp.  66, 77;  vol.  37, 1897,  p.  249 

cost  of Eng.  News,  vol.  38,  1897,  p.  33 

criticism  of,  by  New  York  Times Eng.  News,  vol.  49, 1903, 

pp.  276,  346,  408;  vol.  50,  1903,  p.  151 

discussion  of Trans.  Am.  Soc.  Civil  Eng.,  vol.  3, 1874,  pp.  267,  289;  vol.  17, 

1887,  p.  199;  Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  p.  151 

effect  on  stage  and  discharge Annual  Rept.  Chief  Eng.  U.  S.  A.,  1888,  pt.  4, 

p.  2220;  Eng.  News,  vol.  23, 1890,  p.  315;  vol.  50, 1903,  pp.  435,  436 

function  of Rept.  Chief  Eng.  U.  S.  A.,  1883,  p.  2373 

theory  of Trans.  Am.  Soc.  Civil  Eng.,  vol.  61,  1903,  pp.  331-414 

vindication  of,  by  levee  engineers :Eng.  News,  vol.  50,  1903,  pp.  432,  435 

reservoirs  in  basin  of,  system  of,  for  prevention  of  floods Eng.  News,  vol.  12, 1884, 

p.  91;  vol.  44, 1900,  pp.  293,296;  Harpers  Weekly,  Jan.  9, 
1897,  Jour.  W.  Soc.  Civil  Eng.,  Aug.,  1900;  and  Apr.,  1901 

revetment  on,  methods  of Eng.  Mag.,  June,  1896,  Trans.  Am.  Soc.  Civil  Eng., 

vol.  35,  1896,  p.  141,  Harpers  Weekly,  Oct.  4,  1890 

snow  in  basin  of,  relation  of,  to  the  June  rises Eng.  News,  vol.  51,  1904,  p.  179 

Missouri  River,  erosion  of,  of  banks,  survey  to  determine  amount  of Eng.  News,  vol. 

30,  1893,  p.  9;  Trans  Am.  Soc.  Civil  Eng.,  vol  38,  1898,  p.  396 

levees  on,  eflect  of,  on  flood  of  1881.  .Repi.  Mississippi  River  Commission,  1881,  p.  135 

Mohawk  River,  N.  \.,  discharge  of,  at  Little  Falls,  1899,  1900,  1901,  1902. :  Water-Supply 

Paper  No.  65,  U.  S  Geol.  Survey,  1902,  pp.  165- 

177 ;  Hydrology  State  of  New  York,  1905,  p.  476 

discharge  of,  at  Little  Falls,  1904  .  ..Water-Supply  Paper  No.  147,  D.  S.  Geol.  Survey, 

1905,  pp.  35,  39;  RepL  State  Eng.  New  Y  ork,  1904.  p  588 

at  Utica,  1890-1892 Hydrology  State  of  New  York,  1905,  p.  476 
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Mokawk  River,  N.  Y.,  discharfe  in  upper  portion  of  basin  of,  Mar.  25,  26, 1904 Rept. 

Bute  Eng.  New  York,  1904,  pp.  38s.  3S9 

flood  on,  March,  1904 Water-Siippiy  Piper  No.  147,  U.  S.  Geol.  Suney. 

1905.  p.  32:  Rept.  Slate  fing.  New  York.  1904,  p.  77 

Moose  River,  discharge  of,  at  Ager's  mill,  April,  1869 H3nirDk|gy  State  of 

New  York,  19(fi,  p.4« 

Morehead,  Tex.,  discharge  of  Pecos  River  at,  September  and  October,  1904 .  *.  .Wmter- 

Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  133,  LX" 

Neosho  Rapids,  Kans.,  flood  at,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Ge«4. 

Survey,  1905.  p.  » 

Neosho  River,  Kans.,  discharge  of,  at  lola,  greatest  annual,  July,  1904 Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  19a5,  p.  .s6 

flood  on,  at  Chanute,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  19a5,  p.  91 

at  Emporia,  June,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  ^) 

at  Fort  Gibson,  Ind.  T.,  June,  1S04 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  91 

at  Humboldt ,  June,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  I9a5,  p.  s7 
at  lola,  June,  1804.  .W^ater-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  n5 

levees  on Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  92 

New  Hartford,  N.  Y.,  discharge  of  Starch  Factory  Creek  at,  March,  1904 Water-Supplj 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  37 

discharge  of  Sylvan  Glen  Creek  at,  March,  1604 Water-Supply  Paper  No.  147,  U.  S. 

Geol.  Survey,  19a5,  p.  37 

New  York,  flood  discharge  of  streams  in H.  Doc.  149, 56th  Congress,  2d  session,  pp. 

790-816 

Report  of  Water  Storage  Commission  of Eng.  News,,  vol.  49,  1903,  pp.  115,  1S3 

Nine  Mile  Creek,  N.  Y.,  discharge  of,  at  Stittsville,  August,  1898 Hydrology  State  of 

New  York,  1905,  p.  4S5 
North  Loup  River,  Nebr.,  discharge  of,  near  St.  Paul,  1896.  ..18th  Aim.  Rept.  U.  S.  Geo!. 

Survey,  pt.  4,  pp.  177-179 

Oakdale,  Pa.,  flood  near,  June,  1904 .Water-Supply  Paper  No.  14, 

U.  S.  Geol.  Survey,  1905,  p.  114 

Ohio  River,  flood  on,  1884 Eng.  News,  vol.  1 1,  1SS4 

flood  protection  on Mississippi  and  Ohio  Rivers,  by  Charles  Ellet,  1853,  p.  29S 

floods,  great,  on Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  p.  79 

velocity   of,   on Mississippi  and  Ohio  Rivers,  by  Charles  Ellet,  1853,  p.  300 

Oneida  Creek,  N.  Y.,  discharge  of,  near  Kenwood,  1891 Hydrology  State  of 

New  York,  1905,  p.  459 

discharge  of,  near  Kenwood,  1892 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  Ill 
Ontario  Paper  Mills,  N.  Y.,  discharge  of  Black  River  at,  April,  1869. . . W^ater-Supply  Paper 

No.  65,  U.  S.  Geol.  Survey,  1902,  p.  la^ 

Oriskany  Creek,  N.  Y.,  discharge  of,  at  Coleman,  spring  of  1888 Hydrology  Slate  t^ 

New  York,  1905,  p.  485 

discharge  of,   in   1904 Rept,  State  Eng.  New  York,  1904,  pp.  588,  592 

Oroville,  Cal.,  discharge  of  Feather  River  at,  February  and  March,  1904. .  .Watei^Supplj 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 

Osage  River,  Kans.,  flood  on.  June,  1904 Water-Supply  Paper  No.  147, 

i:.  S.  Geol.  Survey,  1905,  pp.  106,  107 
Oswego  River,  N.  Y.,  discharge  of,  at  Fulton Hydrology  State  of  New  York,  1905,  p.  458 
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0(  tawa,  Kans.,  flood  on,  June,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  107 

Otter  Creek,  N.  Y.,  discharge  of,  at  Caslers  Mill,  April,  1869 Hydrology  State  of 

New  York,  1905,  p.  466 

Par olet  River,  S.  C,  flood  on.  June,  1903 Water-Supply  Paper,  No.  96, 

•  U.  S.  Geol.  Survey,  1904,  p.  13 
Passaic  River,  N.  J.,  discharge  of,  at  Chatham,  March,  1902. .  .Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1903,  p.  37 
dischai^e  of,  at  Dundee  dam,  February  and  March,  1902.  .Water-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1£03,  p.  43 

at  Dundee  dam,  Octol)er,  1903 Water-Supply  Paper  No.  92, 

U.  S.  Geol.  Survey,  1904,  pp.  21,22 

at  Little  Falls,  Octol^er,   1903 Water-Supply  Paper  No,  92, 

U.  S.  Geol.  Survey,  1904,  p.  17 

flood  on,  at  Little  Fails,  February  and  March,  1902 W^a'.er-Supply  Paper  No.  88, 

U.  S.  Geol.  Survey,  1903,  p.  39 

at    Paterson,   October,    1903 Eng.  News,  1903,  vol.  50,  pp.  352, 377, 388 

in  1903 Water-Supply  Paper  No.  92,  U.  S.  Geol.  Survey,  1904 

in  February  and  March,  1902 Wa'.er-Supply  Paper,  No.  88, 

U.  S.  Geol.  Survey,  1S03 

flood  protection  on,  methods  of Eng.  News,  vol.  50,  1903,  p.  388;  Water-Supply 

Paper  No.  92,  U.  S.  Geol.  Survey,  1604,  pp.  28,40 

highland  tributaries  of ,  discharge  of,  February  and  March,  1902 Water-Supply 

Paper  No.  88,  U.  S.  Geol.  Survey,  1903,  pp.  37,  41 

Pecos  River,  N.  Mex.,  discharge  of,  September  and  October,  1904 Water-Supply  Paper 

'  No.  147,  U.  S.  Geol.  Survey,  1905,  pp.  133, 137 

flood  on,  September  and  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  130 

Pequanac  River,  N.  J.,  discharge  of,  at  Macopin  dam,  March,  1902 Water^upply  Paper 

No.  88,  U.  S.  Geol.  Survey,  1903,  p.  37 
flood  on,  October,  1903.  .Water-Supply  Paper  No.  92,  U.  S.  Geol.  Survey,  1904,  p.  16 

Pinal  Creek,  Ariz.,  discharge  of,  at  Globe,  August,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  119 
flood  on,  August,  1904.  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  118 

Pittsburg,  Cincinnati,  Chicago  and  St.  Louis  Railway,  floods  along,  in  1897 Railroad 

Gazette,  May  14,  1897 

Point  Rock,  N.  Y.,  discharge  of  East  Branch  of  Fish  Creek  at,  in  1889 Hydrology  State 

of  New  York,  1905,  p.  460;  Water-Supply  Pa- 
per No.  65,  U.  S.  Geol.  Survey,  1902,  p.  108 
Potomac  River,  discharge  of,  at  Chain  Bridge,  Washington,  D.  C,  1892,  1893.  ..14th  Ann, 

Rept.  U.  S.  Geol.  Survey,  pt.  2,  p.  137 

reclamation  of  flats  along,  at  W^ashington,  D.  C Trans.  Am.  Soc.  Civil  Eng., 

vol.31,  1894,  p.  55 
PuiTgatory  River,  Colo.,  discharge  and  flood  of,  at  Trinidad,  September,  1904 Water- 
Supply  Paper  No,  147,  U.  S.  Geol.  Survey,  K05,  pp.  158,  164 

Ramapo  River,  N.  J.,  discharge  of,  near  mouth,  March,  1902 W^ater-Supply  Paper  No.  88, 

IT.  S.  Geol.  Survey,  1903,  p.  37 
Rapid  Creek,  S.  Dak.,  discharge  of,  at  Rapid,  June,  1904. .  .Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  57 

Red  Bluff,  Cal.,  discharge  of  Sacramento  River  at,  1879,  1894 Rept.  Commissioners 

Public  Works,  California,  pp.  52-58 

Red  House,  N.  Y.,  floods  at,  1832  and  1865 Water-Supply  Paper  No.  36, 

U.  S.  Geol.  Survey,  1900,  p.  158 
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Red  River,  great  floods  of Rept.  on  Physics  and  Hydraulics  of  Mississippi  River,  p.  40 

Redwater  River,  S.  Dak.,  dischai^  of,  at  Belle  Fourche,  June,  1904.  .Wat^r-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey.  1905,  p.  57 
Republican  River,  discharge  of,  at  Junction,  Kans.,  May  and  June,  1903  . . .  Watcr-Supp.y 

Paper  No.  96,  U.  S.  Geol.  Survey,-!904.  p.  35 

discharge  of,  at  Superior.  Nebr.,  May  and  June,  1903 Water-Supply  Paper  No.  9^. 

U.  S.  Geol.  Survey,  1904,  p.  36 

flood  on,  at  Junction,  Kans.,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  73 

Reservoirs,  effect  of,  on  stream  flow;  a  mathematical  analysis Trans.  Am.  Soc.  Civil 

Eng.,  vol.  40,  1808,  p.  401 

efficiency  of,  to  prevent  inundation Eng.  News,  vol.  25.  1891,  p.  25^: 

Proc.  Inst.  Civil  Eng.,  vol.  101.  p.  4Us 

system  of,  of  the  Great  Lakes  and  of  the  St.  Lawrence  basin Trans.  Am.  A*^. 

Civil  Eng.,  vol.  40,  1898,  p.  3.vi 

Rio  Grande,  discharge  of,  September  and  October,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  pp.  144-I4<i 

flood  on,  September  and  October,  1904 Water-supply  Paper  No.  147. 

U.  S.  Geol.  Sur\'ey,  1905,  pp.  143,  14.s 
Rio  Mora,  N.  Mex.,  discharge  of,  at  Watrous,  Octol)er,  1904. .  .Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905.  p.  124 

discharge  of,  at  WVber,  October,  1904 Wi\ter-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  127 

flood  on,  September  and  October,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  127 

Robinson  Run,  Pa.,  flood  on,  June,  1904 .' Water-Supply  Paper  No.  147. 

U.  S.  Geol.  SurVey,  1905,  p.  114 
Rookaway  River,  N.  J.,  discharge  of,  near  Boonton,  March,  1902. . .  .Water-Supply  Paper 

No.  88,  U.  S.  Geol.  Survey.  19cb.  p.  37 

Rosendale,  N.  Y.,  discharge  of  Esopus  Creek  at',  March,  1902 Hydrology  State 

of  New  York,  1905,  p.  474 

Roswell,  N.  Mex.,  discharge  of  Hondo  River  at,  September  and  October,  1904 VVaier- 

Supply  Paper  No.  147,  U.  S.  Geol.  Suri-ey,  1905,  p.  139 

discharge  of  Pecos  River  at,  September  and  October,  1904 W'ater-Supply  Paper 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  133 

Sacramento  River,  Cal.,  channel  obstruction  on Eng.  Rec,  vol.  42,  1900,  pp.  491-4J^ 

discharge  of,  al)ove  mouth  of  American  River,  above  mouth  of  Feather  River,  at 
Colusa.  Sacramento,  and  Red  BlulT,  March,  1879,  and  January, 

1904 Rept.  Commissioner  Public  Works, 

California.  1895,  pp.  52-58 

at  Iron  Canyon,  February  and  March,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  p.  16 
flood  on,  March,  1904.  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905.  p.  12 

flood  basins  of Rept.  Commissioner  Public  Works,  California,  1895,  pp.  3.S-43 

flood  protection  on Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey.  1906.  p.  21 

Saline  River,  Kans.,  discharge  of,  at  Salina,  May  and  June,  1903. .  .  .Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  :« 

Salt  River,  Ariz.,  discharge  of  and  flood  on,  P^ebruary,  1890 12th  Ann.  Rept.  I'.  S. 

Geol.  Survey,  pt.  2,  p.  312 

San  Marcial.  N.  Mex.,  dis<4mrge  of  Rio  Grande  at,  September  and  Octol)er,  1904 Waier- 

Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  pp."  144,  146 
Sandy  Creek,  N.  Y.,  discharge  of,  at  Adams,  1897,  1898. .  .Hydrology  State  of  New  York. 

1905,  p.  461 
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Santa  Fe  Canyon,  flood  in,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey, 

1905,  p.  148 

Santa  Rosa,  N.  Mex.,  discharge  of  Pecos  River  at,  September  and  October,  1904. .  .Water- 

Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905.  pp.  133,  137 

Sapello  River,  discharge  of  and  flood  on,  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  pp.  124,  126 

Sauquoit  Creek,  N.  Y.,  discharge  of,  1904 Rept.  State  Eng.  New  York,  1904,  p.  588 

Savannah  River,  discharge  of,  in  September,  1888 Rept.  Chief  Eng.,  U.  S.  A.,  1900, 

pp.  91,92 

discharge  of,  near  Augusta,  Ga 14th  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2,  p.  149 

flood  on,  1888 H.  Doc.  213,  51st  Congress,  1st  session 

floods  on , Rept.  Chief  Eng.,  U.  S.  A. ,  1888,  p.  1026 

flood  protection,  levees  proposed  for,  at  Augusta, Ga Rept.  Chief  Eng.,  U.  S.  A., 

1900,  pp.  1496-1498 
Schoharie  Creek,  N.  Y.,  discharge  of,  at  Fort  Hunter,  1892  and  1901. .  .  .Hydrology  State 

of  New  York,  1905,  p.  483 

discharge  of,  near  Schoharie  Falls,  1901 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  172 

Scioto  River,  Ohio,  discharge  of,  near  Columbus,  Ohio,  1898 20th  Ann.  Rept.  U.  S. 

Geol.  Survey,  pt.  4,  p.  214 

Scottdale,  Pa.,  failure  of  reservoir  wall  at,  July,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  172 

Seneca  River,  N.  Y.,  discharge  of,  at  Baldwinsville Hydrologj''  State  of  New  York, 

1905,  p.  458 
Smarts vi lie,  Cal.,  discharge  of  Yuba  River  at^  February  and  March,  1904. .  .Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey",  1905,  p.  16 
Smoky  Hill  River,  Kans.,  discharge  of,  at  Ellsworth,  May  and  June,  1903.  .Water-Supply 

Paper  No.  96,  U.  S.  Geol.  Survey,  1904,  p.  35 

flood  on,  at  Ellsworth,  June.  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  76 

at  Solomon,  June,  1904 W'ater-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  74 
Solomon,  Kans.,  flood  at,  June,  1904. .  .Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey, 

1905,  p.  74 

Solomon  River,  Kans.,  discharge  of,  at  Niles,  Ma>'  and  June,  1903 Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  35 

Southern  Railway,  floods  along Railroad  Gazette,  July  16,   1897 

Starch  Factory  Creek,  N.  Y.,  di.Hcharge  of,  at  New  Hartford,  May,  1904 W^ater-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  37; 

Rept.  State  Eng.  New  York,  1904,  pp.  588,  590,  591 

Stittville,  N.  Y.,  discharge  of  Xinemile  Creek  at,  August,  189S  . .  .Hydrology  State  of  New 

York,  1905,  p.  485 
Stony  Creek,  Cal,  discharge  of,  at  Julians  ranch,  February  and  March,  1904 Water- 
Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 
wStream  contractions,  determination  of  flood  discharge  and  backwater  caused  by.  .Trans. 

Am.  Soc.  Civil  Eng.,  vol.  11,  1882,  p.  211 
Sudbury  River,  yield  of  watershed  during  the  freshet  of  February,  1886.  .Trans.  Am.  Soc. 

Civil  Eng.,  vol.  25,  1891,  p.  253 

Superior,  Nebr.,  discharge  of  Republican  River  at.  May  and  June,  1903 Water-Supply 

Paper  No.  96,  U.  S.  Geol.  Sur\'ey,  1904,  p.  36 

Susquehanna  River,  discharge  of,  at  Harrisburg,  Pa.  (greatest  yearly) Water-Supply 

Paper  No.  109,  U.  S.  Geol.  Survey,  1905,  p.  178 

discharge  of,  at  McCalls  Ferry,  Pa.,  March,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  27;  No.  109,  1905,  pp.  178-180 
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Susquehanna  River,  discharge  of,  methods  of  estimating  stream  flow  and Eng.  Nt^r*. 

vol.  51,  1904,  pp.  im,  Hq 

discharge  of,  near  Binghamton,  N.  Y.,  1901,  1902 Water-Supply  Paper  Xi>.  s) 

U.  S.  Geol.  Survey,  1903,  pp.  147-1.5i 

in  1865,  and  1902 Hydrology  State  of  New  York,  1905.  p.  A^ 

floods  on,  at  York  Haven  power  plant Eng.  Rec.,  vol.  49,  1904,  p.  3Hl 

causes  of Rept.  Chief  Eng.,  U.  S.  A.,  1891 ,  p.  1 107 

in  March,   1904 Eng.  News,  vol.  51,  1904,  pp.  3^i,  4i«i. 

Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905.  p.  H 

in  1865  and  1889 '. Rept.  Chief  Eng.,  U.  S.  A.,  1891,  p.  1  lai 

in  1865  and  1889,  1894,  and  1904 Water-Supply  Paper  No.  \W 

U.  S.  Geol.  Survey,  1905,  pp.  \72  \7\ 

in  1892 Eng.  Rec.,  vol.  45,  1902.  p   1> 

W^st  Branch,  June,  1889 Eng.  News,  vol.  25,  1891,  p.  InJ 

flood  protection  on,  general  discussion  of Rept.  Chief  Eng.  U.  S.  A.,  1891,  p.  ll'J^ 

proposed  method  of,  at  Williamsport,  Pa Eng.  News.,  %'oI.  34,  1895,  p.  .'••" 

Sylvan  Glen  Creek,  N.  Y.,  discharge  of,  near  Hartford,  March,  1904 Watcr-SuppK 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  rC 
Rept.  State  Eng.  New  York,  904,  p.  'UL 

discharge  of,  near  Utica,  March,  1904 Rept.  State  Eng.  New  York 

1904,  pp.  58S.  n»> 

Syracuse,  Kans.,  discharge  of  Arkansas  River  at,  October,  1904 Wat«r-Supply  PapeT 

No.  147.  U.  S.  Geol.  Survey,  1905.  p.  IhP 

Taberg  station,  N.  Y.,  discharge  of  Fish  Creek  at,  1898 Water-Supply  Paper  No.  i>' 

U.  S.  Geol.  Survey,  1902,  p.  H^ 

Taylor,  N.  Mex.,  discharge  of  Canadian  River  at,  1904 W^ater-Supply  Paper  No.  147 

U.  S.  Geol.  Survey,  1905,  p.  124 
Tiger  River,  S.  C,  flood  on,  June,  1903.  .Water-Supply  Paper  No.  96,  U.  S.  Geol.  Survey 

1904,  p  lo 

Topeka,  Kans.,  floods  at,  1903,  1904 Water-Supply  Paper  No.  9t\, 

U.  S.  Geol.  Survey,  1904,  p.  27;  No.  147,  1905,  p.  7«i 

Trenton  Falls,  N.  Y.,  discharge  of  West  Canada  Creek  at,  December,  1901 Hydr(>l<*gy 

State  of  New  York,  1905,  p  4^, 

Trinidad,  Colo.,  flood  at,  September,   1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  1905,  pp.  161.  U^ 

Troxton  Canyon,  Ariz.,  flood  at,  August,  1904 W^ater-Supply  Paper  No.  147 

U.  S.  Geol.  Survey,  1905.  p.  Ho 
Twin  Rock  Bridge,  N.  Y'.,  discharge  of  West  Canada  Creek  at,  December,  1901.  .Wai«-r- 

Supply  Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  1,V. 

discharge  of  W'est  Canada  Creek  at,  March,  1904 Rept.  State  Eng.  New  Yor.< 

19CU,  p  ri^ 

Upper  Presidio,  Tex.,  discharge  of  Rio  Grande  at,  October,  1904 Water-Supply  Pap»: 

No.  147,  U.  S.  Geol.  Survey,  1905,  p.  14: 

Utica,  N.  Y.,  discharge  of  Budlong  Creek,  near.  .Rept.  State  Eng.  New  York,  1904,  p.  .>*^ 

discharge  of  Mohawk  River  at,  1890-1892.  .Hydrology  State  of  New  York,  1905,  p.  47t. 

of  Reels  Creek  at,  March,  1904 Water-Supply  Paper  No.  147. 

U.  S.  Geol.  Survey,  19a5.  p  ;C 

of  Sylvan  Glen  Creek,  near,  March,   1904 Rept.  State  Eng.  New  Yorf 

1904,  pp.  58.N.  ^i' 
Verdigris  River,  Kans.,  di.srhargo  of,  at  Independence,  June,  1904.  .Water-Supply  F*d[>.' 

No.  147,  U.  S.  Geol.  Survey,  191)5,  p  m 

discharge  of,  at  Liberty,  June,  1904 Water-Supply  Paper   No.  1 17. 

U.  S.  Geol.  Survey,  190o,  p.  l>'i 
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Verdigres  River,  Kans.,  floods  on,  April  to  July,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  94 
Wab&sh  River,  Ind.,  discharge  of,  at  Logansport  and  Shoals,  March  and  April, 

1904 Water-Supply  Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  48 

flood  on,  March,  1904 Water-Supply  Paper  No.  147,  U.S.  Geol.  Survey,  1905,  p.  45 

Walnut  River,  Kans.,  flood  on,  June,  1904 Water-Supply  Paper  No.  147,  U.  S.  Geol. 

Survey,  1905,  p.  112 

WjuiM]iie  River,  N.  J.,  discharge  of,  near  mouth,  March,  1902 Water-Supply  Paper 

No.  S8,  r.  S.  Geol.  Survey,  1903,  p.  37 

Watc-rtown,  N.  Y.,  aiscfaArge  of  Black  Rjf«r«t^  April,  1869 Water-Supply  Paper  No. 

65,  U.  S.  Geol.  Siirv«j,  1902,  p.  105 
Watrous,  N.  Mex.,  discharge  of  Rio  Mora  at,  Octolx»r,  1904.  .W^ater-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  124 
Waterways,  method  of  computing  cross  section  area  of.  ....Wat^r-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  182 
Waveriy,  N.  Y.,  discharge  of  Cayuta  Creek  at. .  .Rept.  State  Eng.  New  York,  1904,  p.  647 

Webc»r,  N.  Mex.,  discharge  of  Rio  Mora  at,  October,  1904 Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1905,  p.  127 

Weiser  River,  Idaho,  discharge  of,  near  Weiser,  1890 1 1th  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  2,  p.  92 

Wt>st  Camden,  N.  Y.,  discharge  of  Fish  Creek  at,  1889 Water-Supply  Paper  No.  65, 

U.  S.  Geol.  Survey,  1902,  p.  108 
W«*st  Canada  Creek,  N.  Y.,  discharge  of,  at  Trenton  Falls,  Deceml)er  1901.  .Water-Supply 

Paper  No.  65,  U.  S.  Geol.  Survey,  1902,  p.  155 

at  Twin  Rock  Bridge,  March,  1904 Rept.  State  Eng.  New  York,  1904,  p.  590 

Whippany  River,  N.  J.,  discharge  of,  at  Whippany,  March,  1902 Water-Supply  Papcj- 

No.  88,  U.  S.  Geol.  Survey,  1903,  p.  37 

Wichita,  Kans.,  flood  at,  June,  1904. Water-Supply  Paper  No.  147, 

U.  S.  Geol.  Survey,  1904,  p.  Ill 

Williamsport,  Pa.,  proposed  method  of  flood  protection  at Eng.  News,  vol.  34, 

1895,  p.  309 

Willow  Creek,  Oreg.,  discharge  of,  at  Heppncr,  June  14,  1903 Water-Supply  Paper 

No.  96,  U.  S.  Geol.  Survey,  1904,  p.  11 

flood  on,  June  14,  1903 Water-Supply  Paper  No.  96, 

U.  S.  Geol.  Survey,  1904,  p.  9;  Eng.  News,  vol.  50,  1903,  p.  53 

Woodhill  Creek,  N.  Y.,  discharge  of,  at  Hill  Tannery,  April,  1869 Hydrology  State  of 

New  York,  1905,  p.  466 

Woodstocks  dam,  N.  Y.,  discharge  of  Catskill  Creek  at,  1901 Hydrology  State  of 

New  York,  1905,  p.  474 
Yazoo  River,  great  floods  on.  .Rept. on  Physics  and  Hydraulics  of  Mississippi  River,  p.  85 
Yola,  Cal.,  discharge  of  Cache  Creek  at,  February  and  March,  1904.  .Water-Supply  Paper 

"  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 

York  Haven,  Pa.,  damage  to  power  plant  at Eng.  Rec,  vol.  49,  1904,  p.  361 

Yuba  River,  Cal.,  discharge  of,  at  Smart sville,  February  and  Match,  1904.  .Water-Supply 

Paper  No.  147,  U.  S.  Geol.  Survey,  1905,  p.  16 
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\la])ania  River,  flood  flow  and  character  of 

basin  of 72.87 

\Hegheny  River,  flood  on 13-16 

h«»ights  of 15, 10 

\lniH,  N.  Mex.,  discharge  of  San  Francisco 

River  at 42 

Anclro.scoggin  River,  flood  flow  and  char- 
acter of  basin  of 57, 87 

\rlcunsas  River,  maximum  dischai^  of,  at 

Pueblo,  Colo 84,87 

Arlington,  Mo.,  heights  cf  (lasconade  River 

at 21 

Augusta,  Ga.,  flood  flow  of  Savannah  River 

at 71,87 

Austin,  Tex.,  maximum  discharge  of  Colo- 
rado River  at 84,87 

Bear  River,  Utah,  maxTmum  discharge  of, 

at  Collinston 85.87 

Beaver  River,  heights  of,  at  Elwood  Junc- 
tion, Pa 17, 19 

Bixby,  8.  Dak.,  heights  of  Moivau  River  at.        23 

Black  Warrior  River,  Ala.,  flood  flow  and 

character  of  basin  of 72-74.87 

Boise,  Idaho,  maximum  discharge  of  Boise 

River  at 85 

BnlM>  River,  Idaho,  maximum  discharge  of, 

at  Boise 85 

B(»onviile,  Mo.,  heights  of  Missouri  River  at.       22 

Boundlirook.  N.  J.,  flood  flow  of  Raritan 

Riverat G4,87 

Bridg«»port,  Conn.,   flood  on   Pequonnock 

River  near 1-3 

rainfall  at  and  near 1.2 

Brookville,  Pa.,  heights  of  Redbank  Creek 

at 15 

Cape    Fear    River,  N.  C,  flood  flow  and 

character  of  basin  of ti9-70. 87 

Carlsbad,  X.  Mex.,  heights  of  Pecos  Riverat        33 

Cayuga  Inlet,  N.  Y.,  flood  on  Sixmile  Creek 

and 3-9 

map  of  basin  of 3 

Cenieero,  N.  Mex.,  heights  of  Rio  0 rande  at .        36 

Charleston,  W.  Va.,  heights  of  Ohio  Riverat        17 

Chattanooga,  Tenn.,  flood  flow  of  Tennessee 

River  at 79.87 

Chenango  River,  N.  Y.,  drainage  area  of 11 

flood  on  Tnadilla  River  and 9-13 

map  of  basins  of  Cnadilla  River  and 10 

I'heyenne  River,  S.  Dak.,  heights  and  dis- 
charge of 23 


Page. 
Chippewa  River,  Wis.,  gage  heights  and  dis- 

I  charge  of 24 

Cincinnati,  Ohio,  heights  of  Ohio  Riverat..  17 
I  Clarion,  Pa.,  heights  of  Clarion  Riverat....  15 
Clarion  River,  Pa.,  heights  cf,  at  Clarion.. .  15 
Cliff,  N.  Mex.,  discharge  of  Gila  River  at. . .  53 
Collinston,   Utah,   maximum  discharge  of 

Bear  Rfver  at 85,87 

Colorado  River  l»asln,  springfloods  in 38-51 

Colorado   River,   discharge  of,   at   Yuma, 

Ariz 48-51,53 

I  discharg«>  of,  into  Salton  Sink 54-55 

fsllof 38 

t  height  and  discharge  of,  at  llardyville, 

^  Ariz 40,41 

Colorado  River,  Tex.,  maximum  discharge 

'  of,atAustin 84,87 

Columbus,  Nebr.,  maximum  discharge  of 

Loup  and  Platte  rivers  at 84,87 

I   Conemaugh   River,  heights  of,  at  Johns-     ' 

I  town,  Pa 15 

Confluence,  Pa.,  flood  flow  of  V'oughiogheny 

Riverat 77-78,87 

;   Connecticut  River,  flow  flood  and  charac- 

t<«r  of  basin  of 60-61.87 

•    map  of  basin  of 60 

;   Covert,  C.  C,  and  Horton,  R,  E.,  on  flood  on 
I  Unadilla  and  Chenango  rivers, 

(  N.  Y 9-13 

Delaware  River,  flo<#  flow  and  character  of 

basin  of 64-65,87 

map  of  basin  of 64 

Des  Moines  County,  Iowa,  flood  In 31 

Des  Moines   River,  heights  and  discharge 

of.  at  K<>osauqua,  Iowa 26 

Devils  Creek,  Iowa,  flood  on 24-31 

map  of  basin  of 25 

!  plan  and  profile  of 27 

Dome,  Ariz.,  discharge  of  Gila  River  at.  47-48..53 
Dundee  dam,  N.  J.,  flood  flow  of  Passaic 

I  River  at ivJ,  87 

Eau  Clain>,  Wis.,  gage  heights  and  dischargi* 

of  Chippewa  River  at 24 

I   Edgemont,  S.  Dak.,  heights  and  discharge 

of  Cheyenne  R i ver  at 23 

Ellison,  G.  11.,  on  flood  on  Cayuga  Inlet ...         5 
I   El  Paso,  Tex.,  discharge  of  Rio  Grande  at .        37 

(  heights  of  Rio  Grande  at 36 

Elwood  Junction,  Pa.,  heights  of  Beaver 
I  Riverat 17 
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Engle  dam  (proposed),  N.  Mex..  effect  of, 

on  floods 37 

EurekH ,  Mo. ,  heights  of  Mcraiiux'  Uiver  at .        21 
Farmington,  N.  Mex.,  height  and  dischaiipp  ^ 

of  San  Juan  Kivrr  at 40. 41 

Fayettevllle,  N.  C,  flood  flow  of  Cape  Fear 

Klverat 70,87 

Flood  flow  characteristics,  discussion  of .  . .  86-87 
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CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-Supply  Paper  No.  162.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (I) 
Annual  Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Pajjers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States,  folios 
thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the  others 
are  distributed  free.     A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  above  publications  maybe  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress, 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted-by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology ;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  ix)\ver;  0,  Underground  waters;  P,  Hydrographic  progress  reports. 
This  paper  is  the  seventeenth  in  Series  M,  the  complete  list  of  which  follows.  (PP=s 
Professional  Paper;  B=Bulletin;  WS= Water-Supply  Paper. 

Series  M— General  Hydrographic  Investigations. 

TVS    56.  Methods  of  stream  measurement.    1901.    51  pp.,  1*2  pis. 

WS    64.  Accuracy  of  stream  measurements,  by  E.  C.  Murphy.    1902.    99  pp..  4  pis. 

WS    76.  Observations  on  the  flow  of  rivers  in  the  vicinity  oi  New  York  Cit,  by  U.  A.  Pressey.    1902. 

108  pp.,  13  pis. 
WS    80.  The  relation  of  rainfall  to  runoff,  by  G.  W.  Rafter     1903.    104  pp 
WS    81.  California  hydrography,  by  J.  B.  Lippincott.    1903.    488  pp.,  1  pi 
WS    88.  The  Passaic  flood  of  1902,  by  O  B  Holiister  and  M  O  Leigbton     1903     56  pp..  15  pis. 
WS    91.  Natural  features  and  economic  developmeut  of  the  Sandusky.  Maumee,  Muskingum,  and 

Miamt  drainage  areas  in  Ohio,  by  B  H.  Flynn  and  M.  S.  Flynn     1904     130  pp 
WS    92.  The  Passaic  flood  of  1903.  by  M  O.  Leighton     1904     48  pp  .  7  pis. 
WS    94.  Hydrographic  manual  of  tne  United  States  Geological  Survey,  prepared  by  £  C  Murphy, 

J  C,  Hoy  I,  and  G.  B.  Holiister.    1904     76  pp..  3  pis 
WS    96  Accuracy  of  stream  measurements  (second  edition),  by  E  C  Murphy.    1901     81  pp.,  13  pis. 
WS    96   Destructive  floods  in  the  United  States  In  1903.  by  £  C  Murphy     1904     81  pp.  13  pis. 
WS  106.  Water  resources  of  the  Philadelphia  district  by  Florence  Bascom     iy04     7^  pp  ,  4  pis 
Vfa  109   Hydrography  ol  Su<»quehanna  River  drainage  bnsin    by  J    C    Hoyi  and  R    H    Anderson. 

1905     215  pp     2<J  pis 
WS  116   Water  resouice.H  near  Sania  Barbara  California  by  .J  B  Lippincoli     1904     9jpp.,dpls. 
WS  147.  Destructive  floods  m  tne  United  Stalls  in  1904.  by  £  C  Murphy  and  others     1905     20b  pp., 

18  pis 
W.S  150.  Weirexperimenis.  coefficients  and  formulus  by  R   E.  Horton  1006.    1«^  pp    3*  pN 
WS  162.  Desituctive  Hoods  in  the  United  Slaiei  m  lyOo  oy  E  C.  Murpny  and  oihers     1906     i05  pp.r 
4  pis. 
Correspondence  should  be  addressed  to 

The  Director, 

United  States  Geological  Survey, 

Washington,  D.  0. 
July,  1906. 
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BIBLIOGRAPHIC  REVIEW  AND  INDEX  OF  ONDERGROUND-WATER 
LITERATURE  PUBLISHED  IN  THE  UNITED  STATES  IN  1905.      * 


By  Myron  L.  Fuller,  Frederick  G.  Clapp,  and  Bertrand  L.  Johnson. 


INTRODUCTION. 

To  meet  the  urgent  need  which  whh  felt  for  more  definite  information  as  to 
underground-water  publicatiouK  in  the  United  States,  plans  for  bibliographies 
of  such  literature  were  made,  in  1903,  on  the  organization  of  the  division  of 
hydrology.  A  bibliography  of  the  publications  of  the  United  States  Geological 
Survey,  which  has  been  the  leading  (contributor  to  such  literature,  was  prepared 
in  accordance  with  these  plans  and  published  in  1905. 

The  8coi)e  of  the  present  bibliography  has  been  extended  to  cover  all  publica- 
tions in  the  United  States  which  seemed  likely  to  contain  important  references 
to  underground  waters,  technical  and  trade  journals  as  well  as  the  more  strictly 
scientific  contributions  being  reviewed.  The  reports  of  the  Canadian  Geological 
Survey  are  also  included.  The  list  of  publications  examined  will  be  found  on 
page  6.  The  attempt  has  been  made  to  render  this  compilation  as  complete 
as  possible,  to  which  end  not  only  have  the  papers  dealing  mainly  with  under- 
Kround  waters  been  reviewed  but  many  general  pai>ers  have  been  scanned  for 
incidental  references.     There  are  721  titles  in  the  bibliography. 

As  in  the  case  of  the  previous  bibliography,  two  distinct  classes  of  readers 
were  kept  in  mind  in  preparing  the  index,  the  first  including  those  who  are 
interested  in  the  underground- water  resour(»es  of  8p<K'Ial  regions  and  the  second 
those  who  are  interested  in  some  particular  type  of  ground  water  or  in  one  or 
more  of  the  many  problems  of  ground-water  occurrence.  For  the  benefit  of  the 
first  class,  comprehensive  entries  are  given  under  States  and  other  political  or 
natural  divisions,  while  the  numerous  subject  entries  will  appeal  to  readers  of 
the  second  class.  The  aim  has  l)een  to  assemble  the  subject  entries  into  com- 
prehensive groups,  each  including  all  references  to  papers  containing  material 
liearing  on  the  subject  of  the  group.  The  State  entries  will  be  found  the  most 
complete,  as  they  include  many  which  it  is  impossible  to  classify  satisfactorily. 

The  subject  entries,  as  in  the  pretMHling  bibliography,  are  grouped  into  series 
of  what  may  be  termed  principal  subject  entries,  but  a  large  number  of  entries, 
including  those  whidi  it  was  impracticable  to  classify,  together  with  numerous 
cross  references,  are  included  with  tlie  view  of  Increasing  the  usefulness  of  the 
index. 


6  UNDEBQROUND-WATEB  UTEBATURE   IN 

LIST  OP  PUBLICATIONS  EXAMINED. 

The  publications  examined  in  preparing  this  bibliography  and  index  incliBle 
such  of  the  following  as  were  published  in  1905  and  received  at  the  I>epartmem 
libraries  in  Washington  prior  to  March  1,  1906. 

Alabama  Geological  Survey  :    Bulletin ;    Index  to  Mineral  Resources 
American  Academy  of  Arts  and  Sciences :    Proceedings. 
American  Academy  of  Natural  Sciences :    Proceedings. 
American  Chemical  Journal. 
American  Chemical  Society:    Journal. 
American  Geographical  Society  :    Bulletin. 
American  Institute  of  Mining  Engineers:  Bimonthly  Bulletin. 
Amerlcau  Journal  of  Science. 
•American  Philosophical  Socltey  :   Proceedings. 

American  Society  of  Civil  Engineers:  Proceedings  and  Transactions. 
American  Waterworks  Association  :    Proceedings. 
Appalachla.  , 

Association  of  Civil  Engineers  of  Cornell  University :   Transactions. 
Association  of  Engineering  Societies :  Journal. 
Boston  Society  of  Natural  History :    Proceedings. 
California  Journal  of  Technology. 

Canada  Geological  Survey :  Sumipary  Report  for  1904. 
Carnegie  Institution  of  Washington :  Yearbook. 
Cassier's  Magazine. 

Census  of  the  Philippine  Islands  for  1903. 
Chemical  Engineer. 

Colorado  Scientific  Society  :  Proceedings. 
Compressed  Air. 

Connecticut  State  Board  of  Health :  Twenty-seventh  Annual  Report 
Daily  Consular  Reports. 
Elisha  Mitchell  Scientific  Society :  Journal. 
Engineering  and  Mining  Journal. 
Engineering  Magasine. 
Engineering  News. 
Engineering  Record. 

Engineering  Society  of  Western  Pennsylvania :  Proceedings. 
Engineers'  Club  of  Philadelphia  :  Proceedings. 
Experiment  Station  Record. 
F'orestry  and  Irrigation. 
Franklin  Institute :  Journal. 
Georgia  Geological  Survey :  Bulletin. 

Harvard  College,  Museum  of  Comparative  Zoology :  Bulletin. 
Illinois  Society  of  Engineers  and  Surveyors :  Twentieth  Annual  Report. 
Indiana,  Department  of  Geology  and  Natural  Resources :  Annual  Report. 
Iowa  Geological  Survey  :  Annual  Report  for  1904. 
Irrigation. 
Irrigation  Age. 
Irrigation  Aid. 
Journal  of  Geography. 
Journal  of  Physical  Chemistry. 

Kansas  State  Board  of  Health :  Second  Biennial  Report. 
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1  Adams   (Frank).    The  distribution  and  use  of  water  in  the  Modesto  and 

Turloek  irrigation  districts,  California. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr..  no.  158,  pp.  9a~130,  3  pis.,  1  fig. 
Discusses  rise  of  water  table  due  to  irrigation   (pp.  126-129). 

2  Adams  (George  I.).     Summary  of  the  water  supply  of  the  Ozark  region  in 

northern  Arkansas. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  8.  Geol.  Survey,  pp.  179-182, 
1  fig. 

Classifies  the  springs  of  the  region  on  the  basis  of  their  relations  to 
various  limestone,  sandstone,  dolomite,  and  shale  formations,  and  notes 
their  extensive  use  for  health  resorts. 

3  Alexander  (A.  B.).    How  tile  drainage  improves  a  soil. 

Twentieth  Ann.  Rept.  lU.  Soc.  Bng.  and  Surv.,  pp.  66-68. 

A  discussion  of  the  benefits  obtained  by  underdralnage.  Excess  soil 
water  may  be  due  to  rainfall  or  seepage  from  soils  at  higher  levels.  Dis- 
cusses the  relation  of  the  level  of  the  ground  water  table  to  plant  life 
and  the  movements  resulting  In  a  saturated  soil  from  alternate  freezing 
and  thawing. 

4  Allen  (Kenneth).    The  sanitary  protection  of  water  supplies. 

Jour.  Franklin  Institute,  vol.  160,  pp.  297-323. 

Mentions  the  epidemic  caused  by  the  pollution  of  the  Broad  street  well 
in  London  In  1854  ;  Frankland*s  experiments  on  the  life  of  typhoid  bac- 
teria In  deep-well  waters;  examination  by  Whipple  of  the  depth  of 
penetration  of  bacteria  Into  the  sands  of  Long  Island ;  use  of  copper  sul- 
phate In  the  purification  of  a  polluted  spring  water.  States  that  artesian 
waters  contain  no  bacteria. 

5  Anderson  (George  E.).    Well-boring  machinery  and  pumps  in  China. 

Dally  Consular  Repts.  no.  2170,  Dept.  Com.  and  Labor,  pp.  10-11. 
Discusses  need  of  wells,  well-boring  machinery,  pumps,  and  underground- 
water  supplies  In  Chinese  cities. 

G  Arnold  (Ralph).    Coal  in  Clallam  County,  Washington. 
Bull.  U.  8.  Geol.  Survey  no.  260,  pp.  413-421. 

Notes  an  abandoned  1,500-foot  well  (p.  416)  and  gives  a  well  record 
(p.  418). 

7  Ashley  (George  H.).  Water  resources  of  the  Mlddlesboro-Harlan  region  of 
southeastern  Kentucky. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  177-178. 

Describes  one  flowing  artesian  well  from  the  Lee  conglomerate.  Men- 
tions abundance  of  good  springs. 
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8  ABhley   (George  H.).    Water  resources  of  the  Nicholas  quadrangle.  West 

Virginia.  • 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  64-6d. 

Outlines  the  underground- water  conditions,  stating  that  shallow  wells 
are  largely  used  on  the  ridges,  while  springs  are  an  Important  scarce  of 
water  on  the  slopes  and  In  valleys.  A  few  deep  wells  and  a  waterworfai 
system  are  located  at  Richwood.  The  shallow  wells  are  likely  to  go  dry 
In  summer,  but  the  springs,  although  small,  are  more  constant.  The  hori- 
zon of  the  Gauley  coal  is  characterized  by  many  springs.  The  condltioiD* 
are  considered  favorable  for  artesian  wells. 

9  Atkinson  (James  P.).     Shallow-well  waters  of  Brooklyn. 

Abstract :  Science,  new  ser.,  vol.  21,  p.  987. 

Concludes  that  the  wells  are  In  serious  danger  of  pollution  by  sewage. 

10  Ayrs   (O.  L.),  Mooney   (Charles  N.)   and.     Soil  survey  of  the  Greenville 

area,  Tennessee-North  Carolina. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  493- 
525,  1  map,  1  fig. 

See  Mooney  (Charles  N.)  and  Ayrs  (O.  L.). 


11  Babb    (Cyrus  C.)    and  Hoyt    (John   C).    Report  of  progress  of   stream 

measurements  for  the  calendar  year  190^ :  Part  VII,  Hudson  Bay. 
Minnesota,  Wapsipinicon,  Iowa,  Des  Moines,  and  Missouri  River 
drainages. 

Water-Sup.  and  Irr.  Paper  no.  130,  U.  S.  Geol.  Survey,  204  pp. 

Gives  measurements  of  seepage  (p.  102)  and  of  Giant  springs  in  Moo- 
tana  (p.  192). 

12  Bain  (H.  Foster).    Zinc  and  lead  deposits  of  northwestern  Illinois. 

Bull.  U.  S.  Geol.  Survey  no.  246,  56  pp..  5  pis.,  3  figs. 

Describes  enlargement  of  Joint  cracks  In  limestone  through  solution  by 
underground  waters  (pp.  31-32)  and  deposition  of  ores  in  the  cavities  (p. 
33).  Describes  relation  of  ores  to  level  and  circulation  of  underground 
water  (pp.  35-36,  46-50).     Gives  drill  record  (p.  42). 

13 The  fluorspar  deposits  of  southern  Illinois. 

Bull.  U.  S.  Geol.  Survey  no.  255,  70  pp. 

Considers  the  relation  of  ores  to  underground  waters  (p.  42)  and  notes 
the  presence  of  water  channels  In  the  ore  bodies  (p.  47).  The  conditions 
of  ore  deposition  In  relation  to  underground  waters  are  also  discussed 
(pp.  57,  62,  66). 

14 Principal  American  fluorspar  deposits. 

MIn.  Magazine,  vol.  12,  pp.  115-119,  1  fig. 

Kentucky-Illinois  deposits  believed  to*  have  been  formed  by  heated  waters 
more  or  less  directly  connected  with  Igneous  Intrusions. 

15 The  progress  of  economic  geology  in  1905. 

Mln.  Magazine,  vol.  12,  pp.  465-473,  2  figs. 

A  brief  summary  of  recent  works  on  the  agency  of  meteoric  and  magmatic 
waters  In  ore  genesis  Is  given  (pp.  468-469). 

16  Barber  (Emmet).    Pumping  water  by  compressed  air.  ' 

Irrigation  Age,  vol.  21,  pp.  9-10,  4  figs. 

Describes  the  use  of  compressed  air  In  pumping  water  from  an  artesian 
well  865  feet  deep  at  Waukena.  Cal.  A  natural  flow  of  600  gallons  per 
minute  was  Increased  to  2,400  gallons  per  minute  by  the  use  of  compressed 
air. 
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17  Barbour  (F.  A.).    The  sewage-disposal  works  at  Saratoga,  N.  Y. 

Jour.  Assoc.  Kng.  Soc,  vol.  34,  pp.  33-69,  28  figs. 

Gives  depth  of  water  table  as  16  feet  below  the  surface  at  the  filter  Iteda 
and  states  that  most  of  the  filtrate  runs  off  through  the  ground  without 
appreciably  raising  the  water  table  (p.  50). 

18  Bayley  (W.  S.).    Maine. 

Water-Sup.  and  Irr.  Papers  no.  114,  U.  S.  Geol.  Survey,  pp.  41-66,  1  fig. 

Mentions  conditions  necessary  for  wells  (p.  42).  Describes  city  supply  of 
Castlne  derived  from  driven  wells  (pp.  43,  46-47).  Describes  distribution 
of  dug,  drilled,  driven,  and  bored  wells,  and  gives  map  of  flowing  and 
nearly  flowing  wells  (pp.  47-49).  Gives  table  of  27  communities  obtaining 
public  supply  from  springs  (p.  46).  Describes  distribution  of  ordinary  and 
commercial  springs  (pp.  48-60),  and  gives  table  of  47  commercial  springs, 
with  their  yields,  temperatures,  and  analyses  (pp,  51-66). 

19  Beaumont  Journal.     Some  Texas  canals  and  wells. 

Irrigation  Aid,  vol.  1,  no.  6,  p.  0. 

Gives  a  list  of  canals  supplied  by  w6ll  water  and  used  for  Irrigation. 

20  Bennett  (Frank)  and  Ely  (Charles  W.).     Soil  survey  of  Marshall  Ck)unty, 

Ind. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  689- 
706,  1  map,  1  fig. 

Mentions  occurrence  of  springs  and  flowing  artesian  wells  In  the  drift 
(p.  693). 

21  and   Ghriffln    (A.    M.).     Soil    survey    of   the   Orangeburg   area,    South 

Carolina. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  185- 
205,  1  map,  1  fig. 

Mentions  depth  to  water  In  various  sections,  and  in  artesian  wells  at 
Bowman  and  Branchvllle  (p.  188). 

22  Big^low    (Henry  B.).    The  shoal-water  deposits  of  the  Bermuda  Banlcs: 

Contributions  from  the  Bermuda  Biological  Station  for  Research, 
No.  5. 

Proc.  Am.  Acad.  Arts  and  Sci.,  vol.  40,  pp.  657-692,  4  maps. 

The  limestones  of  which  the  islands  consist  were  consolidated  from  wind- 
blown sand  by  the  action  of  percolating  waters.  Short  descriptions  of  the 
caves,  sinks,  and  subterranean  channels  In  these  limestones  are  given. 

23  Bigelow  (W.  D.).     Foods  and  food  control,  revisetl  to  July  1,  1905. 

Bull.  Bureau  of  Chem.,  U.  S.  Dept.  Agr.,  no.  69  (revised),  pts.  1  and  2, 
1906,  200  pp. 

States  the  laws  of  Connecticut  (p.  96)  and  Indiana  (p.  179)  regarding 
pollution  of  spring  and  well  water. 

24  Bingelmann  (M.).     Ground  water. 

Jour.  Agr.  Prat.,  new  ser.,  vol.  8,  pp.  739-741,  6  figs. ;  pp.  771-773,  7 
figs.     Abstract:  Exp.  Sta.  Record,  vol.  17.  no.  2,  p.  118. 

Discusses  briefly  the  conditions  which  influence  the  percolation  and  4evel 
of  ground  water  and  the  formation  of  springs. 

25  Blanchard  (C.  J.).    The  to-morrow  of  Nevada. 

Irrigation,  vol.  3,  no.  4,  pp.  5-6,  3  flgs. 

Mentions  the  sinking  of  the  mountain  streams  Into  the  sands  of  the 
desert  and  notes  the  availability  of  the  underflow  of  streams  and  artesian 
water  for  the  Irrigation  of  the  arid  lands. 
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26  Blanchard  (C.  J.)-    Reclamation  work  in  southern  California. 

8ci.  Am.,  vol.  92,  pp.  499. 

A  general  description  of  the  underground  water  resource*  of  the  area  > 
given.  Notes  the  use  of  seepage  water,  artesian-well  water,  and  wi'*' 
from  tunnels  fn  the  mountains  In  irrigation.  Describes  artesian  conditios^ 
in  the  valleys  and  plains.  Notes  decline  of  water  level  due  to  lmaie&» 
drain  on  the  underground  waters  for  irrigation  and  other  purpoces.  asd 
mentions  the  work  of  the  United  States  Geological  Survey  in  makz^ 
observations  on  the  fluctuations  of  ground- water  levels  in  the 


27  Blatchley  (W.  S.).    The  clays  and  clay  industries  of  Indiana. 

Twenty-ninth  Ann.  Rept.  Indiana  Dept'.  Geol.  and  Nat.  Res.,  pp.  l^^^^^T. 
32  pis.,  10  figs. 

Discusses  origin  of  kaolin  through  agency  of  percolating  water  <pp.  •>' 
57)  ;  gives  records  of  many  bore  boles  and  wells,  some  flowing  I  pp.  It'-- 
501),  and  chemical  analyses  of  spring  and  well  water  (pp.   185,   193,  34i«>. 

28  The  petroleum  industry  in  Indiana  in  1904. 

Twenty-ninth  Ann.  Rept.  Indiana  Dept.  Geol.  and  Nat.  Res.,  pp.  T^l-Tl'J. 
Gives  several  brief  records  of  oil  wells  (pp.  782-787). 

29  Boltwood  (Bertram  B.).     On  the  radio-active  properties  of  the  waters  of  tte^ 

springs  on  the  Hot  Springs  Reservation,  Hot  Springs,  Ark. 

Am.  Jour.  Scl.,  4th  ser.,  vol.  20,  pp.  128-132. 

Samples  of  water  from  44  of  the  springs  w^ere  examined  for  radlo-actir? 
gases  and  solids.  The  tufa  of  some  of  the  spcings  was  also  examint^. 
Describes  the  results  obtained,  gives  the  location,  total  flow,  temperatiirf«. 
and  total  solids  in  the  springs,  and  states  that  no  connection  can  t^ 
established  between  these  properties  and  the  radio-active  properties. 

30  Booth  (W.  H.).     Air-lift  pumps. 

Compressed  Air,  vol.  10,  pp.  3403-3407,  3  figs.  Also  In  Electrical 
Review  (Eng.). 

Mentions  the  existence  of  many  artesian  wells  in  the  vicinity  of  London 
the  water  of  which  is  used  in  the  raising  of  water  cress.  The  temperatiirp 
of  the  water  is  given  as  51*.  Many  of  the  wells  do  not  flow  now  because 
of  excessive  use  of  the  underground  waters  by  waterworks. 

31  Booth  (William  M.).     Boiler  waters  and  their  treatment 

Chemical  Engineer,  vol.  1,  pp.  279-287. 

Notes  the  occurrence  of  sulphuric  acid  In  the  watei's  of  coal  mines  4p 
282)  ;  states  that  the  ground  waters  of  central  New  York  are  high  in 
chlorides  (p.  285). 
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32  Boutwell  (John  Mason).    Genesis  of  the  ore  deposits  at  Bingham,  Utah. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.,  pp.  1153-1192,  13  figs. 

Notes  a  few  good  springs,  but  states  that  the  main  sources  of  supply  an> 
subterranean  courses  tapped  by  underground  workings  (p.  1155)  :  xhf 
agency  of  mineralized  underground  waters  In  the  formation  of  the  deposits 
is  discussed  In  detail. 

33  Ore  deposits  of  Bingham,  Utah. 

Eng.  and  MIn.  Jour.,  vol.  79,  pp.  1176-1178,  3  flgs. 

Discusses  the  agency  of  underground  waters  In  the  genesis  of  these 
deposits. 

34  Oil  and  asphalt  prosi)ects  in  the  Salt  Lake  basin,  Utah. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  408-470. 

Among  subjects  considered  are  mound  springs  emitting  gas  (p.  471),blowi 
of  gas  and  water  from  wells  (p.  472),  pitch  springs  (p.  474),  salt  water  in 
wells  (p.  477),  thermal  wells  (p.  477),  artesian  waters  (p.  478),  and  well 
records  (pp.  471—472). 
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3f>  Boutwell  (John  Mason).  Economic  geology  of  the  Bingham  mining  district, 
Utah. 

Prof.  Paper  U.  8.  Geol.  Survey  no.  38,  pp.  71-385,  34  pla.,  10  figs. 

Discusses  ptiyslcal  and  chemical  characters  of  heated  ore-bearing  soiu- 
tlons  (p.  176)  and  present  mine  waters  (pp.  213-214),  and  summarlaes  the 
process  of  deposition  (pp.  183,  210,  229).  Discusses  the  relation  of  fis- 
sures to  passage  of  mineral-laden  solutions  (pp.  199-201)  and  relation  of 
water  level  to  depth  of  superficial  alteration  (pp.  217-218,  225).  Explains 
interference  of  ground  water  with  placer  working  (pp.  377-378). 

36  Bowie  (Aug.  J.,  jr.).     Irrigation  in  southern  Texas. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  847-507,  2  pis.,  18 
figs. 

Describes  briefly  the  water-bearing  strata  (pp.  354-355)  and  artesian  dis- 
tricts (pp.  355-356)  and  a  number  of  springs  used  for  irrigation  (pp. 
356-357).  Describes  hydraullc-rlg  method  of  boring  wells  (pp.  357-358), 
strainers  used  in  wells  (pp.  358-362),  and  cost  of  well  boring  (pp.  362- 
364).  Describes  numerous  flowing  and  nonflowlng  wells  and  springs  used 
for  Irrigation,  and  methods  and  cost  of  pumping  the  nonflowlng  wells  (pp. 
378-474).  Gives  well  records  (pp.  381,  388,  394.  403,  459).  Compares 
cost  of  artesian-well  and  pumped-well  irrigation  (pp.  488-490).  Gives  lists 
of  flowing  artesian  wells  (pp.  502-504)  and  pumped  wells  (pp.  505-506)  in 
southern  Texas. 

37  Bowman  (Isaiah).    Disposal  of  oil-weli  wastes  at  Marion,  Ind. 

Water-Sup.  and  Irr.  Paper  no.  113,  U.  S.  Geol.  Survey,  1905,  pp.  36-48. 

Gives  well  records  (pp.  38-39,  42).  Describes  the  water-bearing  con- 
ditions of  the  Niagara  limestone  (pp.  41-42),  Hudson  River  limestone  (p. 
42)  and  Trenton  limestone  (pp.  42-43),  and  the  contamination  of  the 
water-bearing  beds  by  oil  and  brine  from  oil  wells  (pp.  43-48). 

38 -A  classification  of  rivers  based  on  water  supply. 

Jour.  Geog.,  vol.  4,  pp.  212-220. 

Principally  a  translation  by  Mr.  Bowman  of  a  chapter  In  Woeikofs  "  Der 
Kllmate  der  Erde,"  relating  to  the  periodic  rise  and  fall  of  streams.  Con- 
tains a  short  discussion  of  the  relation  of  ground  water  to  the  flow  of 
streams. 

39  Bownocker  (J.  A.).     Salt  deposits  in  northeastern  Ohio. 

Am.  Geologist,  vol.  36,  pp.  370-376. 

Mentions  the  occurrence  of  salt  springs  (p.  370)  and  gives  a  number  of 
well  records  (pp.  371-376). 

40  BowTon    (William  M.).     The  origin  of  Clinton   red  fossil  ore  in  Lookout 

Mountain,  Alabama. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.,  no.  6,  pp.  1245-1262,  3  figs. 
Discusses  the  agency  of  underground  waters  In  the  formation  of  this  ore. 

41  Branner  (John  Casper).     Stone  reefs  on  the  northeast  coast  of  Brazil. 

Bull.  Geol.  Soc.  America,  vol.  16,  pp.  1-12. 

Gives  record  of  boring  (p.  3)  and  ascribes  cementation  of  the  reefs  to 
deposition  of  calcareous  matter  from  percolating  acid  waters  from  the  land 
at  the  point  where  they  meet  the  salt  waters  of  the  ocean. 

42  Breneman  (A.  A.).     Mineral  waters  at  the  St.  Louis  Exposition. 

Abstract :  Science,  new  ser.,  vol.  21,  pp.  819-820. 

Mentions  several  features  of  the  American  and  foreign  exhibits,  and 
compares  them  with  the  exhibits  at  Chicago  in  1893. 

43  Brittain  (Joseph  I.).     Mineral  springs  of  Baden-Baden  (Germany). 

Daily  Consular  Repts.  no.  2193,  Dept.  Com.  and  Labor,  p.  14. 
Summarizes   the   number,   depth,    composition,   and    temperature   of   the 
springs  and  their  economic  value  to  Baden  Baden  as  a  health  resort. 
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44  Brooks  (Alfred  Hulse).    Placer  mining  in  Alaska  in  1904. 

Bull.  U.  8.  Geol.  Surrey  no.  259,  pp.  18-81. 

Notes  trouble  in  mines  due  to  encountering  water  1)elow  frosen  groncl 
(pp.  27,  30). 

45  Brown  (R.  Oilman).     Some  pumping  data. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  947-948. 

Describes  the  un watering  of  the  Brunswick  mine.  Grass  Vallej,  C&L 
the  flooding  of  which  was  caused  by  the  cutting  of  a  large  flow  of  water  on 
the  1,250-foot  level. 

46  Brunton  (D.  W.).    Drainage  of  the  Cripple  Creek  district  [Colorado]. 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  818-821,  5  figs. 

Gives  a  deflnltlon  of  "  ground  water ;"  describes  the  permeability  of  tt* 
rocks,  the  amount  of  water  removed  to  lower  the  water  level  1  foot,  tfe* 
history  of  the  previous  tunnels,  efficiency  of  tunnel  drainage,  depth  st 
which  tunnel  should  be  driven,  comparison  of  tunnel  sites,  etc. 

47  Brush  (Harlan  W.).     Simplon  tunnel. 

Dally  Consular  Repts.  no.  2274,  Dept.  Com.  and  Labor,  pp.  4-6. 

Mentions  hot  springs  of  great  volume  encountered  during  work  on  the 
Simplon  tunnel  in  Italy  and  Switzerland  and  consequent  danger  to  open- 
tions  (p.  5). 

48  Buckley  (Ernest  Robertson).    Biennial  report  of  the  State  geologist  tran."*- 

mitted  by  the  board  of  managers  of  the  Bureau  of  Geology  and 
Mines  to  the  Forty-third  General  Assembly. 

Jefferson  City,  Mo.,  GO  pp.,  1  map. 

Summarizes  the  data  obtained  by  the  bureau  relating  to  mineral  sprbifs 
(p.  48). 

49  Burchard  (Ernest  F.).     Iron  ores  in  the  Brookwood  quadrangle,  Alaliama. 

Bull.  H.  S.  Geol.  Survey  no.  260,  pp.  321-334. 

Gives  well  record  and  describes  spring  (p.  327)  and  considers  the  possi- 
ble action  of  water  in  ore  formation  (pp.  333-334). 

49a  Burdick  (C.  B.),  Maury  (Dabney  H.),  Henderaon  (C.  R.)   and.     R^iort 
of  the  committee  on  waterworks. 
Twentieth  Ann.  Rept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  132-139. 
See  Maury  (Dabney  H.),  Burdick  (C.  B.),  and  Henderson  (C.  EL). 


50  Caine  (Thomas  A.)  and  Lyman  (W.  S.).     Soil  survey  of  the  San  Antonio 

area,  Texas. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U,  8.  Dept.  Agr.,  pp.  447- 
473,  1  map,  1  fig. 

Discusses  irrigation  and  city  water  supply  from  artesian  wells  and 
springy,  and  the  effect  of  the  wells  on  the  flow  of  the  springs  (pp.  467-468). 

51  Calkins    (Frank  C).     Geology  and  water  resources  of  a  portion  of  east- 

central  Washington. 

Water-Sup.  and  Irr.  Taper  no.  118,  U.  S.  Oeol.  Survey,  96  pp. 

Discusses  the  topography  and  geology  of  the  region  in  detail  and  describes 
the  springs  from  alluvium,  basalts,  etc.,  where  cut  by  canyons,  and  from 
fissures.  One  thermal  spring  is  noted.  The  artesian  conditions  are  cod- 
sidered  by  districts  and  the  wells  described.  The  deep  waters  are  from  tie 
Ellensburg  beds  and  the  basalts  and  tuffs.  The  cost  of  drilling,  the  meth- 
ods of  testing  and  casing,  artesian  requisites,  etc.,  are  also  discussed.  I're- 
dictions  as  to  supplies  are  given  and  the  use  of  tunnels  for  the  collection 
of  surface  supplies  suggested. 
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52  Cameron  (F.  K.).    The  water  of  Utah  Lake. 

Jour.  Am.  Chem.  Soc,  vol.  27,  pp.  113-116. 

DeBcribes  the  occurrence  of  numerous  hot  and  cold  springs  in  the  bed  of 
the  lake  which  supply  the  greater  part  of  the  lake  water.  Gives  several 
analyses  of  the  lake  water  taken  in  the  vicinity  of  some  of  the  larger 
springs. 

53  Canileld  (R.  B.).     [Water  problems  of  Santa  Barbara,  Gal.] 

Water-Sup.  and  Irr.  Paper  no.  116,  II.  S.  Oeol.  Survey,  pp.  21-22  (reprint 
of  portion  of  private  report  made  in  1896). 

Notes  use  of  collecting  tunnel  and  describes  unsuccessful  efforts  to  obtain 
large  supplies  from  boring. 

54  Carr   (M.  E.),  Heam   (W.  Edward)   and.     Soil  survey  of  the  Blloxi  area, 

Mississippi. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  353- 
374,  1  map,  1  fig. 

See  Heam  (W.  Edward)  and  Carr  (M.  E.). 

55  Catherinet  (Jules).    Ck>pper  Mountain,  British  Columbia. 

Bug.  and  Min.  Jour.,  vol.  79,  pp.  125-127,  6  figs. 

Discusses  the  agency  of  underground  waters  in  the  formation  of  the  cop* 
per  deposits  of  this  mountain. 

56  Chalon  (Paul  F.).    The  genesis  of  metalliferous  deposits  and  eruptive  rocks. 

Min.  Magazine,  vol.  12,  pp.  507-510. 

This  article  is  an  a1)8tract  of  a  memoir  presented  before  the  recent  Inter- 
national Congress  of  Mining,  Metallurgy,  etc.,  at  Liege.  Discusses  the 
depth  to  which  waters  can  penetrate,  the  alteration  of  the  rocks  by  this 
water,  its  agency  in  aqueo-igneous  fusion,  and  the  formation  of  ore 
deposits  and  eruptive  rocks. 

57  Chandler  (A.  E.),  Hinderlider  (M.  C),  Swendsen   (Q.  L.)   and.     Report 

of  progress  of  stream  measurements  for  the  calendar  year  1904. 
Part  X,  CJolorado  River  and  the  Great  Basin  drainage. 

Water-Sup.  and  Irr.  Paper  no.  183,  U.  S.  Geol.  Survey,  384  pp. 

See  Hinderlider  (M.  C),  Swendsen  (G.  L.),  and  Chandler  (A.  B.). 

58  Clapp  (Frederick  Gardner).    Water  resources  of  the  Curwensville,  Patton, 

Ebensburg,  and  Barnesboro  quadrangles,  Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  159-163. 

Describes  the  iron,  alum,  and  magnesia  springs  at  Cresson,  and  gives 
analyses.  Notes  the  abundance  of  good  springs  and  describes  several  town 
supplies  obtained  from  springs.  Describes  well  waters  used  for  public,  pri- 
vate, and  factory  supplies.  Notes  one  flowing  artesian  well  and  discusses 
the  probability  of  obtaining  further  artesian  supplies  in  the  area. 

59  Cleland  (Herdman  F.)     The  formation  of.  natural  bridges. 

Am.  Jour.  Scl.,  4th  ser.,  vol.  20,  pp.  119-124,  3  figs. 

Suggests  the  following  theory  to  account  for  the  origin  of  the  natural 
bridges  at  North  Adams,  Mass.,  Lexington,  Va.,  Chattanooga,  Tenn.,  in  Utah, 
and  in  the  Yellowstone  National  Park :  "  Before  the  formation  of  the  bridge 
the  stream  which  now  flows  under  then  flowed  upon  the  surface  of  what  is 
now  the  arch  and  probably  plunged  over  a  fall  a  short  distance  below  the 
present  site  of  the  bridge.  A  portion  of  the  water  percolating  through  a 
Joint  plane  or  crack  upstream  discharged  into  the  stream  under  the  fall  and 
gradually  enlarged  its  passage  by  its  solvent  power.  In  the  course  of  time 
this  passage  became  sufllciently  large  to  contain  all  of  the  water  of  the 
stream,  and  the  bridge  resulted." 

60  Cobum  (L.  F.).    Yreka  waterworks  system  [California]. 

Municipal  Engineering,  vol.  29,  pp.  437-438. 

Notes  the  sinking  of  Yreka  Creek  in  a  bed  of  gravel  about  2i  miles  above 
Yreka  and  describes  the  building  of  a  submerged  concrete  dam  In  the  gravel 
at  a  narrow  place  in  the  creek.  The  water  thus  collected  furnishes  an 
abundant  supply  for  the  towQ  of  Yreka, 
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61  Oole  (L.  H.).    The  Centre  Star  mine,  Rossland,  B.  C. 

MIn.  and  Sci.  Press,  vol.  90,  p.  117,  1  fig. 

Notes  that  the  water  in  this  mine  is  small  In  amount  and  noncorroaiT? 

62  Coleman  (A.  P.).    Geology  of  the  Sudbury  district.     [Ontario.] 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  189-190. 

Criticizes  Hiram  W.  Hlxon's  views  of  the  aqueous  origin  of  the  Sudlan 
nickel  ores. 

63  Oolles  (George  Wetmore).    Mica  and  the  mica  industry;    PL  II,  Geology. 

Jour.  Franklin  Institute,  vol.  160,  pp.  275-294,  11  flgs. 

Contains  a  discussion  of  the  agency  of  underground  waters  In  the  for 
mation  of  the  mica  dikes.  Notes  also  the  alteration  of  the  feldspathic  col- 
tents  of  the  dikes  by  percolating  waters. 

64  Collins  (A.  B.),  Wright  (A.  E.)  and.     Irrigation  near  Garden,  Kans..  19i4. 

Bull.  Office  Exp.  Sta.,  U.  8.  Dept.  Agr.,  no.  158,  pp.  685-594. 
Bee  Wright  (A.  E.)  and  Collins  (A.  B.).. 

65  Compressed  Air.     [Water  supply  from  wells  at  Los  Angeles,  CaL] 

Compressed  Air,  vol.  10,  p.  3504.- 

A  portion  of  the  city  supply  is  now  furnished  by  12  wells  from  60  to 
200  feet  deep.    The  water  Is  raised  by  compressed  air. 

66 The  Simplon  tunnel. 

Compressed  Air,  vol.  10,  pp.  3713-3717,  7  figs. 

Contains  a  description  of  the  springs  encountered  In  constructing  th? 
Simplon  tunnel  In  Switzerland  and  Italy,  including  location,  temperature, 
and  volume. 

67 The  Simplon  tunnel. 

Compressed  Air,  vol.  10,  pp.  3811-3813,  1  flg. 

Notes  the  encountering  of  hot  springs  In  the  Simplon  tunnel  In  SwitMr- 
land  and  Italy  and  gives  the  volume  and  temperature  of  two  of  them. 

68  Cook  (fiidward  H.).    La  mina  Santa  Francisca,  Mexico. 

Mln.  Magazine,  vol.  11,  pp.  424-429,  5  flgs. 

Notes  the  impregnation  of  limestone  by  siliceous  solutions  (p.  425) : 
gives  an  analysis  of  the  ground  water  from  the  450-foot  level  (p.  429)  :  and 
discusses  the  agency  of  underground  waters  In  the  formation  of  the  on 
deposits  (pp.  426-429). 

69  Coopsr  (K.  F.)-    An  example  of  the  legitimate  use  of  water  for  domestic 

purposes. 

Proc.  Am.  Soc.  Civil  Eng.,  vol.  31,  pp.  475-478. 

Describes  the  water-supply  systems  of  the  Lick  Observatory  on  Mouci 
Hamilton,  California.  The  water  for  the  domestic  system  Is  furnished  M 
springs  on  the  mountain  side. 

70  Cooper  (W.  F.).    Water  supply  of  the  Lower  Peninsula  of  Michigan. 

Ann.  Kept.  Michigan  Geol.  Survey  for  1903,  pp.  47-109,  2  maps. 

Describes  the  arteslan-well  areas,  giving  detailed  descriptions,  well  rer 
ords,  and  analyses,  and  states  use  for  public  and  private  supply ;  describes 
springs. 

70a  Corstophine  (George  S.),  Hatch  (Frederick  H.)  and.    The  origin  of  the 
Witwatersrand  gold.     [Transvaal.] 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  80-81. 
See  Hatch  (Frederick  H.)  and  Corstophine  (George  S.). 

71  Corthell  (E.  L.).    Discussion  of  paper  entitled,  "The  reclamation  of  river 

deltas  and  salt  marshes,"  by  F.  LeBaron. 

Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  pp.  83-87. 

Gives  record?  of  several  artesian  wells  lo  th<$  vicinity  of  New  Orleans, 
Ls. 
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72  ConrtiB  (W.  M.)-    Potassium  salts. 

Mineral  Resources  U.  S.  for  1904.  U.  8.  Geol.  Survey,  16  pp. 

Contains  a  list  of  saline  springs  In  the  United  States  and  partial  analy- 
ses of  the  spring  water  showing  potassium,  sodium,  and  magnesium.  States 
that  *'  along  the  line  of  the  fault  on  the  rim  of  the  Bighorn  Basin,  Wyom- 
ing, the  waters  are  rich  in  potassium  salts,  running  from  5  to  11  per  cent 
of  the  total  residue." 

73  Cox  (W.  G.).    Artesian- water  supply. 

Agr.  Gaz.  N.  S.  Wales,  vol.  16,  pp.  25^-257,  flg.  1.  Abstract:  Exp.  Sta. 
Record,  vol.  17,  no.  2,  p.  193. 

Discusses  the  theoretical  and  practical  use  of  artesian  wells  for  water 
power  in  New  South  W^ales  and  Queensland. 

74  Crane  (W.  R.).    The  Quapaw  zinc  district  [Indian  Territory]. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  488-490,  3  figs. 

Contains  a  short  discussion  of  the  agency  of  underground  waters  In  the 
formation  of  the  deposits. 

75  Coal  mining  in  Arkansas. 

Eng.  and  Min.  Jour.,  vol  80,  pp.  774-777,  3  figs. 

The  mines  are  usually  wet  and  the  water  is  often  acid,  but  good  water 
for  boilers  is  usually  available  (p.  776). 

76  Cravetti  (A.  L.).     Water  and  irrigation  In  the  province  of  San  Luis,  Argen- 

tine Republic. 

An.  Min.  Agr.  Argentina.  Sec.  Agr.  (Agron),  vol.  1,  no.  5,  pp.  86-119,  6 
figs.     Abstract:     Exp.  Sta.  Record,  vol.  10,  p.  1136. 

Summarises  Information  regarding  subterranean  waters  and  their  use  for 
Irrigation,  etc. 

77  Crider  (A.  F.).     Cement  resources  of  northeast  Mississippi. 

Bull.  U.  8.  Geol.  Survey  no.  260,  pp.  510-521. 

Gives  well  sections  (pp.  511,  516-517)  and  describes  artesian  flows  (p. 
517). 

78  Crosby   (William  Otis).     The  limestone-granite  contact  deposits  of  Wash- 

ington Camp,  Arizona. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.,  no.  6,  pp.  1216-1238. 

Contains  a  discussion  of  magmatic  water  In  general  and  the  improbability 
of  its  assistance  in  the  development  of  the  garnet  contact  zone  at  Washing- 
ton Camp  (pp.  1229-1232)  ;  suggests  the  concentration  of  metallic  con- 
tents of  the  limestone  by  the  circulation  of  the  normal  ground  water  stimu- 
lated by  intense  and  long-continued  igneous  and  metamorphic  agencies  (p. 
1234)  ;  ascribes  the  occurrence  of  native  arsenic  at  this  place  to  thermal 
waters  rising  along  a  fault  line  (p.  1237). 

79 Massachusetts  and  Rhode  Island. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  68-75. 

Describes  briefly  the  occurrence  of  water  and  possibilities  of  artesian  sup- 
ply In  Cambrian  quartzlte  In  the  Berkshire  Valley,  In  Trlasslc  strata  of  the 
Connecticut  Valley,  in  Igneous  and  metamorphic  rocks  of  the  highlands,  and 
In  drift  deposits  (pp.  70-78).  Enumerates  the  principal  mineral  springs  in 
the  two  States  (pp.  73-75).     Gives  list  of  publications  (p.  75). 

80 Water  supply  from  the  delta  type  of  sand  plain. 

W^ater-Snp.  and  Irr.  Paper  no.  145,  W  S.  Geol.  Survey,  pp.  161-178. 

In  connection  with  the  location  of  dikes  for  the  Metropolitan  reservoir  at 
Clinton,  Mass.,  many  hundred  borings  were  made  in  the  sand  plains.  The 
paper  describes  the  evidence  presented  by  these  borings  as  to  the  water 
table,  the  artesian  waters,  the  deposition  of  Iron,  the  oxidation  of  the  drift 
at  considerable  depths,  and  the  phenomena  of  "  lost  water,*'  or  that  taken 
up  from  the  well  by  unsaturated  beds. 
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81  Culbertaon  (Harvey).     Irrigation  investigations  in  western  Texas. 

Bull.  Office  Exp.  Sta.,  U.  B.  Dept.  Agr.,  no.  158,  pp.  819-340,  4  Ask. 

Describes  wells  (some  flowing  artesian)  (pp.  321,  32S-325),  and  sprtB^a 
(pp.  323,  327-328)  used  for  irrigation.  Describee  use  of  wlodmiUB  f.c 
pamplng  water  from  wells  (pp.  338-339). 

82  Gushing  (H.  P.).    Geology  of  the  vicinity  of  Little  Falls,  Herkimer  Gomnj 

[New  York]. 
Bull.  N.  Y.  State  Mus.  no.  77,  95  pp.,  15  pis.,  14  figs.,  1  map. 
Interprets  geology  on  the  basis  of  churn-drlUed  wells  (pp.  53-66). 

D. 

83  Dale   (T.  Nelson).    Water  resources  of  the  Fort  Ticonderoga  quadrangie. 

Vermont  and  New  York. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  126-129. 

Mentions  the  abundance  of  good  springs,  and  refers  to  a  well  known  as 
"the  frozen  well "  on  account  of  Its  extremely  low  temperature  (p.  127  >. 

84  DarUng^on  (E.  B.).     Irrigation  investigations,  upper  Snake  River,  Idaboi 

Irrigation  Age,  vol.  20,  pp.  204-207,  1  fig. 

Notes  large  loss  from  irrigation  canals  by  seepage  and  the  reappeaniif^ 
of  thib  water  in  springs  and  creeks.  Abundance  of  water  can  be  obcalaed 
from  shallow  wells  near  Rexburg  (p.  206). 

85  Barton  (Nelson  Horatio).     Zunl  salt  deposits,  New  Merlco. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  565-566. 

Ascribes  the  supply  of  the  salt  lake  to  springs  from  the  Red  Beds. 

86 Description  of  the  Sundance  quadrangle  [Wyoming-South  Dakota]. 

Geologic  Atlas  U.  S.,  folio  127,  V.  S.  Geol.  Survey.  12  pp.,  5  maps,  1  col. 
sect.,  1  lUus.  sheet,  3  figs. 

Discusses  the  water-bearing  conditions  of  the  Dakota  and  Lakota  sand- 
stones, Pahasnpa  limestone.  Deadwood  sandstone.  Mlnnelusa  formation,  and 
Minnekahta  limestone,  and  describes  the  relations  of  these  beds  to  the 
occurrence  of  well  and  spring  water  <p.  12).  Gives  analysis  of  well  water 
(p.  12).  Shows  the  artesian-water  conditions  by  means  of  a  special  col- 
ored map. 

87 Preliminary  report  on  the  geology  and  underground  water  resources  of 

the  central  Great  Plains. 

I»rof.  I^aper  V.  S.  Geol.  Survey  no.  32,  433  pp.,  72  pis.,  18  figs. 

Describes  the  various  water  horizons  and  discusses  In  detail  the  artesian 
wells  and  artesian  conditions  In  South  Dakota,  Nebraska,  Kansas,  eastens 
Colorado,  and  eastern  Wyoming,  giving  numerous  records.  Describes  salt 
springs  and  wells  (pp.  389-302). 

88 Delaware. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  111-113. 

Enumerates  various  water  horizons  in  Cretaceous  and  Tertiary  strata, 
gives  a  partial  list  of  deep  wells,  and  states  future  prospects  for  weltf. 
Notes  the  principal  publications. 

89 Preliminary  list  of  deep  borings  in  the  United  States,  second  edition. 

with  additions. 

Water-Sup.  and  Irr.  Paper  no.  149,  U.  S.  Geol.  Survey,  176  pp. 

Contains  lists  of  deep  wells  reported  to  the  Survey  or  described  in  scloi- 
tlfic  publications.  They  are  classified  by  States,  counties,  and  towns,  tfae 
depths,  diameter,  yield,  height  of  water,  temperature,  and  other  miscella- 
neous data  being  presented  In  tables  for  each  State  and  references  belnif 
given  to  published  records.  Bibliographies  of  publications  relating  to  deep 
borings  are  also  included. 
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00  .Barton  (Nelson  Horatio).    The  Zunl  salt  lake  [Arizona]. 

Jour.  QeoL,  vol.  13.  pp.  185-193. 

Quotes  C.  L.  Herrick  on  suppossed  derivation  of  salt  from  solution  of 
salt  in  underlying  strata  (pp.  185-186).  The  salt  is  brought  up  by  springs 
(pp.  187,  193).  Suggests  solution  of  salt  beds  by  hot  volcanic  solutions  as 
cause  of  sinking,  producing  the  crater  (pp.  190,  192). 

91  and  Fuller  (Myron  Leslie).    Maryland. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Oeol.  Survey,  pp.  114-123,  2  pis. 

Describes  the  distribution  of  springs  and  gives  a  list  of  those  of  com- 
mercial value  (p.  115).  Describes  the  distribution  of  wells  in  the 
Allegheny  Plateau,  the  Appalachian  Mountains,  IMedmont  Plateau,  and 
Coastal  Plain,  and  tabulates  well  statistics  (pp.  116-118).  Describes  water 
horizons  in  the  Coastal  Plain  formations  (pp.  118-120),  and  discusses 
more  fully  the  water  horizons  and  well  prospects  of  the  Baltimore  district 
(pp.  121-123).    Lists  the  principal  publications. 

92  and  Fuller  (Myron  Leslie).    District  of  Columbia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  124-126,  1  pi. 

Describes  occurrence  of  water  in  the  crystalline  rocks  and  in  the  Potomac 
formation.  Notes  several  mineral  springs,  and  several  publications  on  the 
underground  water  of  the  District. 

93  and  Fuller  (Myron  Leslie).    Virginia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  127-136,  1  pi. 

Describes  various  water  horizons  in  the  Cretaceous  and  Tertiary  forma- 
tions and  gives  sections  (pp.  128-129).  Gives  table  of  deep  wells  and  sta- 
tistics (pp.  130-131).  Describes  underground  water  conditions  in  the 
Piedmont  Plateau,  Appalachian  Mountain  belt,  and  Cumberland  Plateau 
(pp.  132-133).  Lists  the  commercial  springs  (pp.  133-134)  and  publica- 
tions on  underground  waters  of  the  State  (pp.  134-135). 

94 and  O'Harra  (C.  C).  Description  of  the  Aladdin  quadrangle  [Wyom- 
ing-South Dakota-Montana  ] . 

Geologic  Atlas  U.  S.,  folio  128,  U.  S.  Geol.  Survey,  8  pp.,  4  maps,  1 
col.  sect.,  1  fig. 

Describes  the  water-bearing  formations,  Including  the  Dakota-Lakota 
sandstone,  MInnelusa  formation,  Pahasapa  limestone,  and  Deadwocd  sand- 
stone (p.  8),  and  notes  the  conditions-  relative  to  wells.  The  artesian- 
water  conditions  are  shown  by  a  special  colored  map. 

95  Dayid  (T.  W.  E.),  Pittman  (E.  F.)  and.     Irrigation  geologically  considered 

with  special  reference  to  the  artesian  area  of  New  South  Wales. 
Jour,  and  Proc.  Roy.  Soc.  N.  S.  Wales,  Eng.  sect.,  vol.  37,  pp.  clil-cUll, 

2  pis.    Abstract :  Exp.  Sta.  Record,  vol.  17,  no.  2,  p.  193. 
See  Pittman  (B.  F.)  and  David  (T.  W.  E.). 

96  Davis  (F.  S.).     An  undeveloped  country. 

Mln.  and  Sci.  Press,  vol.  90,  pp.  204-205,  4  flgs. 
Describes  a  spring  In  Lower  California. 

1)7  Davis  (William  Morris).    **A  Journey  across  Turkestan." 

Explorations  in  Turkestan,  with  an  account  of  the  basin  of  eastern  Persia 

and  SIstan. 

Carnegie  Institution  of  Washington,  pp.  23-119,  67  figs. 

Springs  famish  a  portion  of  the  water  supply  of  Baku  (p.  29)  ;  a  boring 

2,000  feet  deep  at  Askhabad  failed  to  find  water  (p.  44).     Notices  a  large 

spring   In   Flruza   basin   used   for    Irrigation    (p.   48).    Notes   seepage   of 

water  from  terrace  gravels  Into  river  (p.  103). 

98 The  Wasatch,  Canyon,  and  House  ranges,  Utah. 

Bull.  Hub.  Comp.  Zool.,  Harvard  Coll.,  Geological  Series,  vol.  8,  pp.  15-66, 

3  pis. 

Describes  a  fiowing  well  at  Deseret  (p.  35).  Notes  the  obtaining  of  good 
water  at  Antelope  and  Indian  Springs  (p.  36).  Mentions  the  ocurrence 
of  springs  in  the  House  Range  (p.  40). 
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99  Davis  (William  Morris).     The  geographical  cycle  in  an  arid  climate. 

Jour.  Geol.,  vol.  13,  pp.  381-407. 

Mentions  ground- water  conditions  in  arid  regrlons  (p.  382)  and  con»ldpi> 
underdralnage  of  deserts  by  sandstone  in  its  possible  relation  to  «rio<- 
erosion  (p.  392). 

100  Day  (David  T.).     Summary  of  the  mineral  production  of  the  United  State* 

in  1904. 

Mineral  Resources  17.  S.  for  1904,  U.  S.  Geol.  Survey,  pp.  9-;t6. 

Gives  the  production  and  value  of  mineral  waters  in  the  United  StaIe^ 
for  1904  (p.  21)  ;  comparison  of  the  production  and  value  for  IfKi:^  sikj 
1904  (pp.  22-23)  ;  production  and  value  of  mineral  waters  each  year  frwcj 
1880  to  1904   (pp.  24-3(5). 

101  de  Laval  (Carl  George  P.).     Pumping  on  the  Comstock.     [Nevada.] 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  51(^518,  7  figs. 

Describes  the  encountering  of  water  In  the  various  mines  on  the  lode  and 
the  quantity,  temperature,  etc.,  thereof. 

102  Pumping  the  Comstock  lode  mines.     [Nevada.] 

Eng.  Rec.,  vol.  51,  pp.  360-361,  1  fig. 

Describes  the  occurrences  of  hot  water  in  these  mines  and  the  pumpin;; 
machinery  being  used  in  the  unwatering  of  the  lode. 

103  Pumping  the  Comstock  lode  mines.     [Nevada.] 

Mines  and  Minerals,  vol.  26,  pp.  78-79,  2  figs. 

Describes  the  encountering  of  hot  water  In  the  mines  on  this  lode. 

104  Pumping  the  Comstock  lode  mines.    [Nevada,] 

Scl.  Am.  Supp.,  vol.  59,  pp.  24484-24486.  9  figs. 

Describes  the  encountering  of  hot  water  In  the  mines  on  this  lode. 

105  Douglass  (Earl).     Source  of  the  placer  gold  in  Alder  Gulch,  Montana. 

Mines  and  Minerals,  vol.  25,  pp.  353-355,  3  figs. 

Notes  the  possible  agency  of  heated  underground  waters  In  the  depositioc 
of  the  gold  occurring  in  the  gravels. 

105a  Drake  (J.  A.),  Mang^um  (A.  W.)  and.  Soil  survey  of  the  Rus.sell  area. 
Kansas. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp.  911- 
926,  1  fig.,  1  map. 

See  Mangum  (A.  W.)  and  Drake  (J.  A.). 

106  Draper  (M.  D.).     The  Goldfleld  district,  Nevada. 

MIn.  and  Scl.  Tress,  vol.  90.  pp.  150-152,  10  figs. 

Contains  a  discussion  of  the  agency  of  solfataric  waters  in  the  formation 
of  the  deposits. 

107  Dravo  (F.  R.).     Concrete  lining  for  mine  shafts. 

Proc.  Eng.  Soc.  West.  Pa.,  vol.  21,  pp.  319-330,  2  figs. 
Discusses  the  occurrence  of  springs,  seepage  water,  etc.,  in  mine*,  with 
especial  reference  to  the  use  of  concrete  for  shaft  lining. 

108  Drummond    (Goyne).     Reconnaissance   of   proix)sed   ceded   strip   of    Sho- 

shone Indian  Reservation,  Wyoming. 

Irrigation,  vol.  2,  no.  4,  pp.  5-6. 

Notes  the  sinking  of  Meadow  Creek  Into  a  cave  near  the  mouth  of  Little 
Wind  Ulver  Canyon. 

E. 

109  Eckel  (Edwin  C).     The  Clinton  hematite. 

Eng.  and  MIn.  .Tour.,  vol.   79,  pp.  897-898,  2  figs. 

Quotes  C.  H.  Smyth  as  to  the  agency  of  water  in  the  formation  of  the 
Iron  ore. 
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110  Eckel  (Edwin  C.)-    Cement  materials  and  industry  of  the  United  States. 
Bull.  IT.  S.  Geol.  Survey  no.  243,  895  pp.»  15  pis.,  1  fig. 
DiscuBses  the  percentage  of  water  in  freshly  quarried  limestone,  clay, 
shale,  and  marl  (pp.  44^5). 

Ill Limonite  deposits  of  eastern  New  York'  and  western  New  England. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  335-842. 

Notes  part  taken  by  water  In  ore  deposition  (p.  342). 

112  Elliott  (C.  G.).     Report  on  drainage  investigations,  1004. 

Bull.  Office  Exp.  Sta.,  V.  S.  Dept.  Agr.,  no.  158,  pp.  643-743,  4  pis., 
52  figs. 

Discusses  rise  of  ground  water  due  to  irrigation,  and  detection  of  rise 
by  means  of  test  wells  (pp.  645-652).  Notes  porosity  and  cavernous 
nature  of  coral  rock  in  Florida  Everglades,  as  Indicated  by  wells  (p.  716). 

113  Ellis  (Edwin  E.).     Zinc  and  lead  mines  near  Dodgeville,  Wis. 

Bull.  II.  S.  Geol.  Survey  no.  260,  pp.  311-315. 

Notes  the  relation  of  ore  to  ground-water  level  and  considers  the  con- 
ditions of  deposition  (pp.  314-315). 

114  Ells  (R.  W.).     Nicola  coal  basin,  British  Columbia. 

Sum.  Kept.  Geol.  Survey  Canada,  1904,  pp.  42-121,  1  pi.,  2  figs.,  2  maps. 
Gives  records  of  borings  (pp.  70-74). 

115  Ely  (Charles  W.),  Benii«tt  (Frank)  and.     Soil  survey  of  Marshall  County, 

Indiana. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept  Agr.,  pp.  689- 
706,  1  map,  1  flg. 

See  Bennett  (Prank)  and  Ely  (Charles  W.). 

116 and  GrifELn  (A.  M.).    Soil  survey  of  Dodge  County.  Ga. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  231- 
246,  1  map,  1  flg. 

Mentions  the  occurrence  of  sink  holes  (p.  235). 

117  Emmons   (Samuel  Franklin).     Copper  in  the  Red  Beds  of  the  Colorado 
Plateau  region. 

Bull.  V.  S.  Geol.  Survey  no.  260,  pp.  221-232. 

Contains  brief  references  to  the  part  of  water  In  ore  deposition. 

118 The  Cactus  copper  mine,  Utah. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  242-248. 

Describes  town  water  supply  from  Wawah  springs,  sixteen  in  number 
(p.  244). 

119  — —  Theories  of  ore  deposition  historically  considered.     (Presidential  ad- 

dress, Geol.  Soc.  Am.,  1903.) 

Ann.  Kept.  Smithsonian  Inst,  for  year  ending  June  30,  1904,  pp.  309-336. 
Scl.  Amer.  Supp.,  vol,  60,  no.  1563,  pp.  25046-25047 ;  no.  1564,  pp.  25062- 
25064  ;  no.  1565,  pp.  25078-25079. 

In  reviewing  the  various  theories  of  ore  deposition,  mentions  the  rela- 
tions of  deposition  to  circulation  of  underground  waters,  and  water  level, 
and  the  controversy  regarding  ascending  and  descending  solutions,  mag- 
matic  and  meteoric  waters,  etc. 

120  Eng^ineering  and  Mining  Journal.     Geology  at  Simplon. 

Eng.  and  Min.  Jour.,  vol.  79,  p.  180. 

Notes  the  encountering  in  the  Simplon  tunnel  In  Switzerland  and  Italy 
of  waters  much  hotter  than  had  been  predicted  by  geologists. 

121  Water  in  the  Egyptian  Desert. 

Eng.  and  Mln.  Jour.,  vol.  79,  p.  812. 

Notes  the  existence,  of  a  flowing-well  area  a  few  miles  north  of  Kharga 
in  which  flows  were  obtained  a  few  feet  below  the  surface. 
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122  Engineering  and  Mining  Journal.    Banket  in  Rhodesia. 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  1236-1237. 

Quotes  H.  D.  Griffiths  on  the  agency  of  underground  waters  In  tbe  enrk^ 
ment  of  this  gold-bearing  conglomerate. 

123 Gold  in  banket. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  1241-1242. 

Quotes  the  views  of  Bchoch,  Griffiths,  Hatch,  and  Corstorphine  as  to  lb* 
Agency  of  underground  waters  in  the  enrichment  of  the  gold-bearfns  con- 
glomerates of  the  world. 

124  A  large  pumping  plant  in  Tasmania. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  155-157,  4  figs. 

Notes  the  encountering  of  large  quantities  of  water  in  the  Tasmania 
gold  mine. 

125  Gasolene  pumps  for  irrigation. 

Eng.  and  Min.  Jour.,  vol.  80,  p.  296. 

Describes  the  effect  of  pumping  on  the  water  level  in  two  16-inch  45-foot 
wells  at  Garden,  Kans. 

126  Shaft  sinking  for  salt.     [Detroit,  Mich.] 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  972-973,  1  fig. 

Describes  the  encountering  of  large  quantities  of  strong  sulphur  water. 

127  The  Simplon  tunnel. 

Eng.  and  Min.  Jour.,  vol.  80,  p.  1009. 

Contains  a  description  of  the  thermal  springs  encountered  in  the  can< 
struction  of  the  Simplon  tunnel  between  Switzerland  and  Italy. 

128  Engineering  News.    Vertical  and  lateral  penetration  of  sewage  bacteria 

into  chalk  soil.  . 

Eng.  News,  vol.  53,  pp.  116-117. 
Describes  experiments  made  near  Amesbury,  England. 

129 Septic  tanks  and  intermittent  sand  filters  at  Saratoga  Spring.;,  N.  Y. 

Eng.  News,  vol.  53,  pp.  118-122. 

Notes  that  the  filtrate  from  the  beds  passes  off  through  the  ground  with- 
out appreciably  raising  the  water  table  (p.  122). 

130 [The  Simplon  tunnel  between  Switzerland  and  Italy.] 

Eng.  News,  vol.  53,  pp.  229-230. 

I>e8crlbes  the  many  springs  of  hot  water  encountered  in  the  construction 
of  this  tunnel. 

131  The  Pennsylvania  Railroad  tunnel  under  Capitol  Hill,  Washington, 

D.  C. 

Eng.  News,  vol.  54,  pp.  267-270. 

Notes  the  penetration  of  quicksand  carrying  large  quantities  of  water 
and  describes  the  method  used  in  draining  the  same  (p.  267). 

132 [Successful  use  of  a  diyining  rod.] 

Eng.  News,  vol.  54,  p.  386. 

Notice  of  communication  from  Mr.  G.  Franzius,  of  the  German  Harbor 
Construction  Bureuu,  in  which  Is* described  the  use  of  the  divining  rod  in  the 
location  of  wells  at  the  Imperial  Navy-Yard  at  Kiel.  The  geological  con- 
ditions, the  divining  rod,  and  the  tests  made  are  briefly  described. 

133  Engineering  Becord.    Air-lift  pumping  plant  of  the  Redlands  Water  Com- 
pany [California]. 

Eng.  Rec.  vol.  51.  p.  8,  2  figs. ;  Compressed  Air,  vol.  10,  pp.  3394-3396. 
Contains  a  description  of  the  wells  furnishing  the  supply  and  the  tests 
made  to  determine  the  effect  of  pumping  on  the  ground-water  level. 
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134  Sng^ineering  Boeord.    Difflcalty  with  the  grouDd-water  drains  of  a  building. 

Eng.  Rec.,  vol.  51,  p.  17. 

Deecrlbes  the  Inability  of  the  underdrain  of  tbe  New  York  Stock 
Exebange  Building  to  bandle  ground  water  collecting  below  tbe  cellar  level. 
The  drains  were  clogged  by  deposition  from  saturated  drainage  water. 
An  analysis  of  tbe  water  Is  given. 

135  Sewage  disposal  at  Saratoga  Springs,  N.  Y. 

Eng.  Rec.,  vol.  51,  pp.  82-86,  0  figs. 

Gives  tbe  level  of  tbe  water  table  at  tbe  site  of  tbe  sewage  disposal  plant 
as  about  16  feet  below  tbe  level  of  the  original  surface. 

136  Legal  restrictions  on  the  use  of  underground-water  supplies  in  New 

York. 

Eng.  Rec,  vol.  51,  pp.  177-178. 

Complete  description  of  tbe  case  of  Frederick  Relsert  v.  City  of  New  York, 
and  references  to  similar  cases.  The  city  operated  a  drlven-well  plant  which 
influenced  the  value  of  cultivated  ground  by  drying  up  a  small  surface 
stream  and  the  city  was  therefore  held  responsible  for  damages. 

137 A  private  irrigation  system  in  Texaa 

Eng.  Rec.,  vol.  51,  pp.  190-191,  5  flgs. 

Detailed  description  of  tbe  works  is  given.  The  principal  source  of  sup- 
ply is  a  spring  with  an  unvarying  flow  of  70,000  gallons  per  minute. 

138 The  Slmplon  tunnel. 

Eng.  Rec.,  vol.  61,  pp.  230-231. 

Notes  tbe  encountering  of  large  quantities  of  hot  water  In  tbe  construc- 
tion of  the  tunnel  between  Switzerland  and  Italy. 

139 Deep  artesian  wells  in  South  Australia. 

Eng.  Rec.,  voL  51,  p.  832. 

Notes  tbe  sinking  of  a  4.420-foot  well  with  a  flow  of  600,000  gallons 
dally  at  a  temperature  of  204**  F.  Gives  the  total  flow  and  cost  of  deep 
wells  put  down  by  tbe  South  Australian  Government. 

140 Measuring  underflow. 

Eng.  Rec.,  vol.  51,  p.  344. 

Notes  tbe  use  of  Prof.  C.  S.  Slichter's  method  of  measuring  underflow 
by  Homer  Hamlin  at  Los  Angeles  and  In  the  San  Francisco  Valley.  Sev- 
eral suggestions  concerning  tbe  methods  are  made. 

141 Irrigation  in  Texas. 

Eng.  Rec.,  vol.  51,  pp.  60-61  of  tbe  Current  News  Supplement. 
Describes  the  use  of  springs  and  artesian  and  surface  wells  In  Irrigation 
.   In  Texas. 

142 Difficulties  with  a  pump  well. 

Eng.  Rec.,  vol.  51.  p.  384,  6  flgs. 

Describes  the  construction  of  a  pump  well  and  the  sinking  of  several 
artesian  wells  at  the  Absecon  pumping  station  of  the  Atlantic  City,  N.  J., 
,  waterworks.     The  handling  of  a  large  volume  of  percolating  water  under 
high  pressure  was  tbe  chief  difficulty. 

143 [Damage  from  percolation.] 

Eng.  Rec.,  vol.  51,  p.  412. 

Notice  of  decision  by  appellate  division  of  New  York  supreme  court 
In  Scbwarzenbach  i\  Electric  Water  Power  Company  of  Oneonta,  92  N.  Y 
Sup.,  187.  The  court  ruled  that  percolation  from  the  reservoir  so  as  to 
flood  the  land  of  tbe  plaintiff  was  unlawful,  and  that  Schwarsenbacb  was 
entitled  to  damages. 

144 The  Asyut  barrage  across  the  Nile. 

Eng.  Rec.,  vol.  51,  pp.  428-430,  2  figs. 

Describes  the  occurrence  of  Innumerable  small  springs  In  the  bed  of  tlic 
ft>undatlon  trench,  tbe  trouble  caused  by  them,  and  tbe  method  used  In 
seaUng  up  tbe  ventboles. 
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145  Engineering  Becord.     [Artesian-well  pumps  at  Meiuphia.] 
Eng.  Rec.,  vol.  51,  p.  4C0. 
Short  notice  of  the  use  of  special  pumps  foi*  G4  wells  at  Memphia,  Tecs. 

146 Experimental  work  with  wells  at  Battle  Creek  I  Mich.  1. 

Eng.  Rec.,  vol  51,  p.  502. 

Describes  the  sinking  of  wells,  the  materials  passed  tbrou^ta,  tb^  S>i» 
analyses  of  the  water,  and  the  effect  of  pumping  on  the  level  of  the  wtt*^ 
table  at  Battle  Creek,  Mich.  The  Marshall  sandstone  is  mentlooed  s^ 
containing  water-bearing  strata. 

147  The  First  street  tunnel,  Washington  [D.  C.]. 

Eng.  Rec,  vol.  51,  pp.  566-567,  8  flgs. 

Describes  the  encountering  of  water-bearing  quicksand  and  the  mecb**: 
of  tunneling  through  ft. 

148  An  unusual  water  main. 

Eng.  Rec,  vol.  51,  p.  581. 

Describes  the  laying  of  a  water  main  through  beds  of  quicksand  in  Littk 
Falls,  N.  Y.  Dams  were  built  every  300  feet,  the  water  pumped  out  of 
the  section,  and  the  pipe  laid,  after  which  work  was  commenced  on  tt« 
next  section. 

149  Fire  protection  at  the  Worthington  works. 

Eng.  Rec,  vol.  51,  pp.  684-685,  1  fig. 

Describes  the  wells  furnishing  the  water  supply  and  the  raising  of  tb« 
water  by  the  air  lift.     [Harrison,  N.  J.l 

150 Water  supply  by  compressed  air,  Los  Angeles,  Cal. 

^  Eng.  Rec,  vol.  52,  p.  43  of  the  Current  News  Supplement. 

Describes  the  water  supply  of  Los  Angeles  from  deep  wells  by  mean^  of 
compressed  air. 

151  Permeability  experiments,  North  Dike.  Wachusett  reservoir.     rMasP.] 

Eng.  Rec,  vol.  52,  p.  64. 

Notes  variations  In  the  water  (able  in  the  dike  due  to  varying  rainfall 
and  seasonal  changes;  results  show  the  dike  to  be  nearly  Impermeable;. 

162  The  waterworks  at  Raton,  N.  Mex. 

Eng.  Rec,  vol.  52,  p.  72. 

The  water  supply  Is  largely  from  springs;  describes  the  building  of 
trenches  across  the  site  of  the  dam  to  cut  off  the  ground-water  flow. 

153  Sanitation  in  Manila. 

Eng.  Rec,  vol.  52,  pp.  76-79. 

Notes  the  large  amount  of  ground  water  which  will  Infiltrate  Into  the 
sewer  pipes  because  of  the  laying  of  the  latter  at  a  considerable  dlatam^ 
below  sea  level  in  a  soil  thoroughly  saturated  with  water  (p.  78). 

154 Sliding  hillsides. 

Eng.  Rec,  vol.  52,  p.  133. 

Vibration,  etc.,  of  the  railroad  bridge  upon  which  a  water  main  is  laid 
causes  frequent  leakage  of  the  water,  which  results  in  the  production  of 
landslides. 

155 [Developing  underground  water.] 

Eng.  Rec,  vol.  52,  p.  181. 

Notes  a  decision  of  the  California  supreme  court,  77  Pac  Rept.  1113, 
regarding  the  relation  between  owners  of  filtration  tunnels  and  the  owners 
of  water  flowing  In  a  stream. 

156  Improvements  of  the  Elgin  waterworks. 

Eng.  Rec,  vol.  52,  pp.  188-189. 

Describes  the  deep-well  water  supply  from  the  St.  Peter  and  MadlsoD 
sandstones  at  Elgin,  111. 
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ir>7  Engineering  Becord.    Port  Washington  waterworks  under  air  pressure. 
EDg.  ilec.,  vol.  52,  pp.  205-206.  2  figs. 

Describes  the  supplying  of  Port  Washington,  N.  Y.,  with  water  from 
three  8-lnch  wells  In  gravel. 

ir>8 [A  rock  slide.] 

Eng.  Rec,  vol.  52,  p.  226. 

Description  of  a  slide  In  one  of  the  quarries  of  the  Lehigh  Portland 
Cement  Company,  caused  by  the  penetration  of  water  along  the  contact  of 
the  limestone  and  cement  rock. 

159  Mechanical  filters  of  the  Brooklyn,  N.  Y.,  waterworks. 

Eng.  Rec,  vol.  52,  pp.  236-239,  4  figs. 

Contains  a  description  of  the  well  and  spring  supply  of  Brooklyn. 

1#>0  An  unusual  system  of  wells. 

Eng.  Rec.,  vol.  52,  p.  266. 

Describes  the  waterworks  system  at  Hastings,  England.  The  water  is 
obtained  from  three  wells,  9  feet  In  diameter,  two  of  the  wells  being  270 
feet  deep  and  the  other  210  feet. 

161  [Underground-water  development  in  southern  California.] 

Eng.  Rec.,  vol.  52,  p.  266. 

Notes  the  overdevelopment  of  the  underground-water  supply  of  this 
region. 

162  Blowing  wells. 

Eng.  Rec,  vol.  52,  p.  380. 

Notes  the  investigation  of  this  subject  by  the  Tnlted  States  Geological 
Survey,  and  gives  a  brief  explanation  of  the  cause  of  the  phenomenon. 

16.3 The  diminished  yield  of  underground  waters  in  southern  California. 

Eng.  Rec,  vol.  52,  pp.  405-407. 

Describes  the  geohydrologic  conditions  existing  in  this  area  and  con- 
cludes that  present  diminished  yield  of  underground  water  Is  due  to  an 
overdevelopment  of  the  underground- water  supply. 

lt>4  [Seepage  from  irrigation  canals.] 

Eng.  Rec,  vol.  52,  p.  416. 

Short  discussion  of  the  case  of  Howell  v.  Big  Horn  Basin  Colonization 
Company,  in  Wyoming.  In  which  the  Wyoming  supreme  court  decided  that 
**  seepage  from  irrigation  canals  is  not  only  a  waste  of  water,  but  may 
also  result  in  the  payment  of  damages  for  injury  to  property." 

165  Sinking  machinery  foundations  in  quicksand  without  excavation. 

Eng.  Rec,  vol.  52,  p.  526. 

Describes  the  method  used  in  sinking  through  a  bed  of  quicksand  at 
Schenectady,  N.  Y.,  which  prevented  any  subterranean  How  from  under 
adjacent  footings. 

1(56  The  sewage  pumping  station  at  the  Hampton  Institute,  Hampton,  Va. 

Eng.  Rec,  vol.  52.  pp.  566-568,  4  flgs. 

Describes  the  relation  between  the  sewage  system  and  the  high  ground- 
water level  at  this  place. 

107 Difficult  sewer  construction  In  Minneapolis  [Minn.]. 

Eng.  Rec,  vol.  52,  pp.  639-640,  4  flgs. 

Describes  the  encountering  of  water-bearing  quicksands  and  the  methods 
used  in  working  through  them.  Notes  seepage  of  water  into  tunnel  from 
the  dumping  ground. 

168 The  effect  of  seepage  from  ditches  on  stream  flow. 

Eng.  Rec,  vol.  52,  p.  663. 

Concludes  that  the  use  of  water  from  the  Platte  River  has  reduced  the 
sise  of  the  spring  floods.  Improvement  in  the  flow  of  the  stream  is  due 
to  return  seepage. 
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160  Engineering  Record.     Waterworks  of  Saugatuck,  Mich. 
EDg.  Rec,  vol.  52,  pp.  665-666. 

Detailed  deecrlption  of  the  water  supply  of  this  Tillage,  which  Is  ohtaloed 
from  four  wells  driveii  along  the  bank  of  the  Kalamaxoo  River. 

170 [Artesian  well.] 

Eng.  Rec.,  vol.  52,  p.  725. 

Describes  the  equipment  of  an  artesian  well  10  inches  in  diameter  asd 
756  feet  deep,  belonging  to  the  Fond  dn  Lac  Water  Company,  Wtoconain. 

171  Engineering  Beview.     Factory  fire  protection  and  water  supply. 

Eng.  Review,  vol.  15,  no.  8.  pp.  5-8,  7  figs. 

Gives  the  location,  depth,  and  material  passed  through  of  the  wells  tis- 
nlshlng  the  water  supply  at  the  Henry  R.  Worthlngton  Hydraulic  Works. 
Harrison,  N.  J.  The  water  comes  from  a  bed  of  gravel  at  a  depth  of  about 
400  feet. 

172  English  M^hanic  and  World  of  Science.     A  laud  of  gold  and  marble 

Scl.  Am.  Supp.,  vol.  60,  pp.  25034-25035. 

Desjcrlbes  the  limestone  caverns  and  underground  streams  In  New  South 
Wales. 

173  Ensign  (O.  H.).     Power  eugineering  applied  to  irrigation  problem. 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  S.  Geol.  Survey,  pp.  37-42. 
Includes  a  statement  concerning  the  practice  of  pumping   from  drlTeo 
wells  (p.  41). 

P. 

174  Fairchild  (Herman  Le  Roy).     Pleistoceue  features  in  the  Syracuse  region. 

Am.  Geologist,  vol.  36,  pp.  135-141. 

Mentions  occurrence  of  brines  In  drift  In  New  York. 

175  Fenneman  (N.  M.).    The  Florence,  CJolo.,  oil  field. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  436-^40. 

Notes  occurrence  of  crevice  encountered  by  an  oil  well  which  required  two 
wagonloads  of  gravel  to  fill  (p.  438),  and  discusses  the  number  and  limits 
of  cracks  and  the  occurrence  of  water  in  oil  wells  (p.  430). 

176 Oil  fields  of  the  Texas-Louisiana  Gulf  Coast. 

Bull.  V.  S.  Geol.  Survey  no.  260,  pp.  459-467. 

Mentions  the  occurrence  of  salt  water  In  oil  wells  of  Texas  (p.  460).  tar 
springs  and  others  emitting  gas  In  Texas  (pp.  462-463),  and  salt  and  aoor 
waters  (p.  464). 

177  Findley   (O.  P.).     Plant  of  the  Canauea  Consolidated  Copper   Company, 

Cananea,  Sonora,  Mexico. 

Mln.  and  Scl.  Press,  vol.  91,  pp.  342-34.3,  4  figs. 

The  water  supply  comes  from  a  well  sunk  to  hed  rock,  with  a  subterra- 
nean gallery  which  taps  an  underground  stream  capable  of  funUahlnc 
3,000,000  gallons  per  day. 

178  Finkle  (F.  C).    Pumping  underground  water  in  southern  California. 

Water-Sup.  and  Irr.  Paper  no!  146,  U.  S.  Geol.  Survey,  pp.  56-72. 

Describes  the  underground  reservoir  In  gravel  (p.  57)  and  its  replenlsb- 
ment  from  mountain  streams  and  return  waters  from  irrigation  (p.  5Sr. 
The  extent  of  the  supply  (p.  59),  Its  decline  due  to  pumping  (pp.  60-61>.  aad 
the  proposed  replenishment  by  decreasing  draft  and  constructing  remilatlne 
works  to  secure  distribution  and  absorption  of  waters  of  mountain  streams 
are  cousidered  (pp.  61-63).  Other  points  treated  are  laws  relating  to 
underground  water  (pp.  59-60)  and  pumping  methods  (pp.  63-72). 
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179  Fischer  (Theobold).    Morocco. 

Ann.  Rept.  Smithsonian  Inst,  for  year  ending  June  30,  1904,  pp.  355-372. 
Trans,  from  Geographlsche  Zeltschrlft,  LeipslK.  February  12,  1003. 

Mentions  rarity  of  springs  on  the  lower  plain,  and  necessity  for  resorting 
to  bored  welliG^  Refers  to  salinity  and  unpalatableness  of  the  water  (p. 
363). 

180  Fitzgerald  (William  G.).    A  lost  river. 

Technical  World  Magaslne,  vol.  4,  pp.  74-78,  3  figs. 
Describes  the  great  limestone  cavern  through  which  the  river  Lease  in 
Belgium  passes  in  its  subterranean  course. 

181  Fleming^  (Burton  P.).     Seepage  Investigations  in  the  valley  of  the  Laramie 

River. 

Bull.  Wyoming  Exp.  Sta.  no.  61,  32  pp.,  3  figs. 

Discusses  the  causes,  extent,  and  prevention  of  loss  of  water  from 
canals  by  seepage,  and  reports  the  results  of  seepage  measurements  on 
Laramie  River,  Sand  Creek,  and  a  number  of  irrigation  canals  In  Wyoming. 

182  Irrigation  work  on  the  North  Platte  River. 

Bull.  Wyoming  Exp.  Sta.  no.  66,  24  pp..  4  figs. 

Gives  measurements  of  seepage  losses  from  canals  In  Wyoming  and 
Nebraska  (pp.  18-23). 

183  Fletcher  (R.).    Disposal  of  household  wastes  at  summer  resorts,  encamp- 

ments, and  farmhouses.  Pure  water  supply  and  other  sanitary 
conditions. 

New  Hampshire  Sanit.  Bull.,  July  Supp.,  23  pp.,  8  figs.  Abstract :  Exp. 
Sta.  Record,  vol.  17,  no.  4,  p.  409. 

Gives  Information  regarding  the  construction  of  wells  and  their  protec- 
tion from  contamination. 

183a  Fogel  (Estelle  D.),  Pammel  (L.  H.)  and.     Some  railroad  water  supplies. 
Proc.  Iowa  Acad.  Scl.  for  1904,  vol.  12,  pp.  151-155. 
See  Pammel  (L.  H.)  and  Fogel  (Estelle  D.). 

184  Ford  (A.  G.).     Miscellaneous  water  analyses. 

Bull.  Oklahoma  Agr.  Exp.  Sta.  no.  67,  18  pp. 

Gives  chemical  analyses  of  water  from  95  wells  and  13  springs,  and 
states  best  locations  for  wells  relative  to  houses,  etc. 

185  Forestry  and  Irrigation.    Irrigation  in  Texas. 

Forestry  and  Irrigation,  vol.  11,  pp.  230-231. 

Describes  the  irrigation  of  portions  of  the  State  by  water  from  surface 
and  artesian  wells. 

186 The  upbuilding  of  Nevada. 

Forestry  and  Irrigation,  vol.  11,  pp.  270-274,  3  figs. 

Mentions  the  sinking  of  mountain  streams  in  the  sands  of  the  desert. 

187  Portier  (S.).     Irrigation  in  Santa  Clara  Valley,  California. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  77-91. 
Mentions  use  of  wells  for  Irrigation  In  this  valley  and  describes  methods 
of  applying  water. 

188  Franke  (Robert  P.).    Geology  of  the  Cochise  mining  district,  Arizona. 

MIn.  Reporter,  vol.  51,  p.  503.  1  fig. 

Notes  that  the  descending  waters  have  leached  great  portions  of  the  l)eds. 

189  Fuller  (Myron  I^slie).    Artesian  flows  from  unconfined  sandy  strata. 

Eng.  News,  vol.  53,  pp.  329-330,  2  flgti. 

Describes  examples  on  Long  Island,  New.  York,  and  in  Michigan,  and 
offers  an  explanation  of  the  cause. 
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190  Fuller  (Myron  Leslie).    The  measurement  of  low  areslan  heads. 

Eng.  News,  vol.  53«  p.  503,  1  fig. 

Describes  a  small  gage  for  taking  artesian-well  pressures. 

191  Some  results  of  Geological  Survey  work  in  t^e  location  of  undenn^ci': 

waters. 

Eng.  News,  vol.  54,  p.  517. 

A  letter  to  the  editor  of  the  Engineering  News,  In  which  Mr.  ^nailer  r*f?r- 
the  fulfilling  of  predictions  made  by  Mr.  W.  H.  Norton  as  to  the  osd^; 
ground  waters  at  Waterloo,  Iowa. 

192  Geology  of  Fishers  Island,  New  York. 

Bull.  Geol.  Soc.  America,  vol.  16,  pp.  367-390. 

Gives  well  record  and  describes  lateral  transmission  of  water  thr».; 
Joints  of  crystalline  rocks  from  mainland,  7  miles  distant  (p.  372 1. 

193  Objects,  development,  and  results  of  the  work  of  collecting  well  re- 

ords  and  samples. 

Bull.  U.  S.  Geol.  Survey  no.  264,  pp.  12-39. 

Discusses  the  Importance  and  benefit  of  well  records,  and  de9crl1«p$  ts 
organization  of  the  division  of  hydrology  and  the  methods  or  nWIt*  t  n. 
samples  and  records.  Among  the  points  incidentally  considered  ai^  '-- 
occurrence  of  oil,  gas,  and  water  (p.  12),  factors  affecting  m-ell  drii:  sj 
(p.  13),  use  of  records  (p.  14),  problems  of  depth,  character  of  an* 
rials,  water  supplies,  casing,  limits  of  depth,  location  of  oil  and  gas  s}3>iri. 
bead,  and  use  of  water  for  industrial,  irrigation,  medicinal  and  ttatliiiu: 
purposes,  and  at  resorts  (pp.  15-20). 

194  -f —  Introduction. 

Contributions  to  the  hydrology  of  eastern  United  States,   1904  :  W*tw 
Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  9-16. 
Summarizes  papers  Included  in  the  report. 

195  Triassic  rocks  of  the  Connecticut  Valley  as  a  source  of  water  sui»T'^.r 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  95-112,  **  f;> 

Discusses  the  occurrence  of  water  in  Triassic  conglomerates,  saDd$toE>- 

shales,  and   traps ;  and   the  Influence  of  structure,  Jointing,   and   fault ii: 

on  the  waters.     Discusses  the  testing  of  wells,  keeping  of  accurate  reconb. 

and  the  proper  depth  of  wells.     Gives  analyses. 

196  Notes  on  the  hydrology  of  Cuba. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  183-199. 

Describes  the  various  town  and  city  supplies  obtained  from  ordinary  ac! 
artesian  wells,  underground  streams,  and  springs  (pp.  187-193).  Dfscri— 
wells  sunk  by  U.  S.  War  Department  (pp.  196-199),  .and  gives  record  :■ 
192)  and  analysis  (p.  198).  Discusses  abundance  of  springs  and  mn 
tions  submarine  springs  (pp.  193-194).  Describes  subterranean  str«!r* 
and  their  relation  to  limestone  caves  (p.  194).  Discusses  mineral  watrr* 
and  gives  analyses  (pp.  194-196). 

197  Occurrence  of  underground  waters. 

Water-Sup.  and  Irr.  Paper  no.  114,  TJ.  S.  Geol.  Survey,  pp.  lS-40,  4  i>h^ 
14  figs. 

Describes  sources  of  ground  water,  relation  to  rainfall,  permeability  er 
storage  capacity  of  rocks,  occurrence  and  amount  of  water,  types  of  watrr 
bearing  formations,  temperature  of  underground  waters,  and  their  rectiv*^- 
by  seepage,  springs,  and  by  wells.  Gives  a  short  chapter  on  artesian  fli>*« 
enumerating  the  essential  conditions.  Describes  briefly  the  undergrini'- 1 
water  conditions  of  eastern  United  States,  including  types  of  rock  tiA 
rock-water  provinces. 

198  New  Hampshire. 

Water-Sup.  and  Irr.  Paper  no.   114,  V.  S.  Geol.  Survey,  pp.  57-59. 
Summarizes  data  regarding  wells  and  springs,  and  enumerates  8  comio^r 
cial  springs. 
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199  Puller  (Myron  Leslie).     Pennsylvania. 

•  Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  104-110,  1  flg. 
Describefi  distribution  of  wells  In  the  drift,  stream  deposits,  crystalline 
rocks,  Triasslc,  Cambrian,  Silurian.  Devonian,  and  Carboniferous  rooks,  and 
Coastal  Plain  deposits.  B^numerates  mineral  springs,  and  gives  principal 
publications  on  underground  waters  of  the  State. 

200  North  Carolina. 

Water-Sup.  and  Irr.  Paper  no.  114.  U.  S.  Geol.  Survey,  pp.  136-130,  1  flg. 

Describes  briefly  the  artesian  conditions  of  the  Coastal  Plain  and  the 
occurrence  of  water  In  the  Potomac  formation,  and  gives  list  of  wells. 
Describes  briefly  the  occurrence  of  water  In  the  Piedmont  Plateau  and 
Appalachian  Mountain  lielt.  Lists  the  principal  mineral  springs  and  publi- 
cations on  underground  waters  of  the  State. 

201  Florida. 

Water-Sup.  and  Irr.  Paper  no.  114,  V.  S.  Geol.  Survey,  pp.  159-163,  1  fig. 

Describes  underground-water  conditions  of  the  highland  area  and  the 
artesian  areas  of  the  west  and  east  coasts.  Mentions  driven  wells  In  the 
sand  area.  Notes  several  mineral  springs  and  publications  on  water  condi- 
tions of  the  State. 

202  liower  Michigan. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  242-247,  2  flgs. 

Compiles  data  regarding  the  underground-water  resources  of  the  Lower 
Peninsula  of  Michigan.  Lists  the  principal  publications  and  notes  impor- 
tant mineral  springs. 

203  West  Virginia. 

WaterSup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  271-272. 

Summarizes  the  conditions  bearing  on  underground-water  supplies  in  the 
Appalachian  Mountain  belt  and  the  Cumberland  Plateau.  Lists  the  prin- 
cipal mineral  springs  of  the  State. 

204  Bibliographic  review  and   index  of  papei-s  relating  to  underground 

waters  published  by  the  United  States  Geological  Survey,  1879-1904. 

Water-Sup.  Paper  no.  120,  U.  S.  Geol.  Survey,  128  pp. 

Lists  all  references  to  underground  waters,  springs,  well  records,  and 
drilling  methods,  and  gives  detailed  classified  subject  Index. 

205  Hydrologic  work  in  eastern  United  States  and  publications  on  ground 

waters. 

Water-Sup.  and  Irr.  Paper  no.  145,  IT.  S.  Geol.  Survey,  pp.  9-29. 

Describes  the  organization  of  the  division  of  hydrology  and  gives  an 
account  of  the  work  of  the  eastern  section  in  1904.  The  special  work 
Included  the  collection  of  well  records  and  samples,  the  preparation  of 
bibliographies  and  hydrologic  tables,  and  a  study  of  the  relation  of  the 
law  to  underground  waters.  About  50  geologists  were  employed  during  the 
year,  work  being  conducted  in  Maine.  New  Hampshire,  Massachusetts.  New 
York,  New  Jersey.  Maryland,  Virginia,  West  Virginia,  Georgia,  Alabama, 
Mississippi,  Tennessee,  Kentucky,  Arkansas,  Ix)ui8lana,  Missouri,  Iowa. 
Minnesota,  Wisconsin,  and  Michigan.  The  paper  contains  a  summary  of 
the  other  papers  In  the  report  and  gives  a  list  of  survey  publications  relat- 
ing to  underground  waters. 

206  Two  unusual  tyi)es  of  artesian  flow. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  40-45. 

Describes  flows  from  uniform  unconfined  sands  taking  place  in  virtue  of 
lamellar  arrangement  of  elongated  sand  grains  on  Long  Island,  New  jfork, 
and  In  Michigan.  The  lateral  transmission  of  water  through  Joints  In 
stratified  rocks  for  long  4ll8tances  independently  of  structure  In  south- 
eastern Michigan  is  also  described.  The  confinement  necessary  for  the  flow 
Is  afforded  by  the  clayey  drift  overlying  the  more  porous  rock. 
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207  Fuller  (Myron  Leslie).  Construction  of  so-called  fountain  and  gey^ 
springs. 

Water-Sup.  and  Irr.  Faper  no.  145,  V.  S.  Geol.  Survey,  pp.  46-^0. 

Differentiates  confined  and  unconfined  springs,  and  gives  metJMMb  ? 
which  the  former  can  be  converted  into  a  "  fountain,"  and  botta  into  iot^ 
mittent  or  geyser  springs. 

20b  A  convenient  gage  for  determining  low  artesian  lieads. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  51-52, 
DeBcril)e8  a  2-inch  nickel  gage  which,  by  means  of  a  rubber  flanirp,  "*& 
be  Instantly  applied  to  pipes  up  to  2  inches  in  diameter  and  will  read  prf^ 
sures  up  to  50  pounds. 

209  A  ground- water  problem  in  southeastern  Michigan. 

Water-Sup.  and  Irr.  Paper  no.  145,  V.  S.  Geol.  Survey,  pp.  12S>-147. 

Discusses  the  failure  of  wells  along  Huron  River.  The  water  occurs  ii 
the  Jointed  upper  portion  of  the  Dundee  limestone  and  Monroe  and  Srlraa: 
sandstones,  In  which  It  is  confined  by  overlying  glacial  clays.  The  lr«s<  «? 
head  and  fiow  are  described  and  the  causes,  including  the  effect  of  a<i^ 
cent  deep  wells,  quarrying  operations,  deforestation,  ditching,  frost,  ao-i 
deficiency  of  rainfall  are  considered.  Deforestation  and  ditching  arp  tti»: 
most  far-reaching  causes,  but  an  early  frost  which  froze  the  sromid  aad 
prevented  the  absorption  of  late  autumn  rains  of  the  previous  year.  In  04^ 
nection  with  low  rainfall,  was  the  more  immediate  cause. 

210  Notes  on  certain  large  springs  of  the  Ozarli  region,  Missouri  and  Ar- 

kansas. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  207-210. 

Outlines  the  geologic  conditions  and  describes  and  gi^'es  diacbar«e  cf 
Greer,  Van  Buren,  Fanchon,  Alley,  Blue,  Mesamer,  and  Boiling  spring!  t»f 
Missouri  and  the  Mammoth  spring  of  Arkansas. 

211  Failure  of  wells  along  the  lower  Huron  River,  Michigan,  in  1904. 

Ann.  Kept.  Michigan  Geol.  Survey  for  1904,  pp.  7-20,  pi.  1,  figs.  1  and  : 

Describes  the  relations  and  conditions  of  the  wells,  and  ascribes  tbnr 

decline  to  the  deforesting  and  ditching  of  the  rej^ion  and  an   early  fn^i 

followed  by  a  dry  summer.     Advocates  the  passing  of  laws  regulatlne  6*^,> 

or  artesian  wells. 

212  Cause  and  period  of  earthquakes  in  the  New  Madrid  area,  Missouri 

and  Arkansas. 

Abstract :  Science,  new.  ser.,  vol.  21,  pp.  340-350. 

Notes  settling  of  the  surface  in  this  area  due  to  undermining  by  grouD*' 
waters  under  artesian  pressure. 

213  Artificial  fountain  and  geyser  springs. 

Scl.  Am.,  vol.  93,  p.  G7,  4  figs. 

Discusses  the  geological  conditions  resulting  in  the  formation  of  spring 
and  the  artificial  construction  of  fountain  and  geyser  springs. 

214  Barton  (N.  H.)  and.     Maryland. 

Water-Sup.  and  Irr.  Paper  no.  114,  V.  8.  Geol.  Survey,  pp.  114-li:.'v 
2  pis. 

See  Darton  (N.  H.)  and  Fuller  (Myron  Leslie). 

215 Darton  (N.  H.)  and.     District  of  Columbia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  124-126,  1  pi 
See  Darton  (N.  H.)  and  Fuller  (Myron  lieslle). 

216  Darton  (N.  H.)  and.     Virginia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  127-135,  1  pi 
See  Darton  (N.  H.)  and  Fuller  (Myron  Leslie). 

217  Ftillerton  (Aubrey).     A  new  mammoth  cave. 

Technical  World  Magazine,  vol.  4,  pp.  206-208,  6  flgs. 
Describes  an  Immense  cave  in  the  limestone  of  Cougar  Mountain,  in  tbe 
Selkirks  of  British  Columbia»  and  the  streams  flowing  In  It. 
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218  Oale  (Hoyt  S.).    Water  resources  of  the  Cowee  and  Plsgah  quadrangles, 

North  Carolina. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  174-176. 

Describes  the  abundance  of  good  springs,  with  a  few  chalybeate  and 
sulphur  springs.  Describes  the  association  of  carbonate  springs'  with 
hornblendlc  gneiss  and  of  chalybeate  waters  with  pyrite  deposits  along 
faults.     Mentions  the  rarity  of  wells  In  the  area. 

219  Garry  ((j.  H.),  Spurr  (J.  E.)  and.    Preliminary  report  on  ore  deposits  in 

the  Georgetown,  Ck)lo.,  mining  district. 
Bull.  U.  S.  Ceol.  Survey  no.  260,  pp.  99-120. 
See  Spurr  (J.  E.)  and  Garry  (G.  H.). 

220  Oeib  (W.  J.),  Bice  (Thomas  D.)  and.     Soil  survey  of  the  Gainesville  area, 

Florida. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  269- 
289,  1  map,  1  fig. 

See  Rice  (Thomas  D.)  and  Gelb  (W.  J.). 

221  Bice  (Thomas  D.)  and.     Soil  survey  of  Warren  County,  Kentucky. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  V.  S.  Dept.  Agr.,  pp.  627- 
541,  1  map,  1  fig. 

See  Rice  (Thomas  D.)  and  Gelb  (W.  J.). 

222  Geor^  (H.  C).    A  freak  oil  field. 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  876-877. 

Describes  the  "  Grasshopper  oil  field  "  of  Warren,  Pa.  The  oil  occurs 
as  a  scum  on  the  surface  water  In  the  glacial  deposits.  Notes  the  rising 
and  falling  of  the  water  level  In  the  wells  with  the  water  of  the  river. 

223  Gerhard  (William  Paul).     The  water  supply  of  country  buildings.  Part  I. 

Cassier's  Magazine,  vol.  27,  pp.  482-498,  14  figs. 

Detailed  discussion  of  wells,  springs,  and  collecting  galleries  as  sources 
of  supply.     Some  of  the  figures  show  method  of  arranging  well  batteries. 

224  Qetman  (F.  L.).    The  new  artesian  water  supply  of  Ithaca,  N.  Y. 

Eng.  News,  vol.  53,  pp.  412-414,  4  figs. 

Describes  the  local  geology,  sinking  of  wells,  details  of  equipment,  and 
cost  of  construction. 

225  Gieseler  (E.  A.).    A  new  form  of  filter  gallery  at  Nancy,  France. 

Eng.  Rec,  vol.  51,  pp.  148-149,  5  figs. 

Describes  the  construction  of  a  filter  gallery  parallel  to  the  river  Mo- 
selle, designed  to  collect  the  subsoil  water. 

228  Glenn  (L.  C).     South  Carolina. 

Water-Sup.  and  Irr.  Paper  no.  114,  IT.  S.  Geol.  Survey,  pp.  140-152,  1  pi. 

Describes  brlefiy  the  distribution  of  springs  and  enumerates  those  of 
commercial  value  (pp.  141-142).  Discusses  distribution  of  open  and  deep 
wells,  and  their  relations  (pp.  142-144,  151-152).  States  the  water  con- 
ditions In  the  crystalline  rocks,  the  Potomac  formation,  the  marine  Cre- 
taceous beds.  Eocene,  Miocene,  Lafayette,  and  Columbia  deposits  (pp.  146- 
149).  Gives  table  of  deep  wells  with  statistics  (pp.  149-151).  Lists  the 
principal  publications  on  underground  water  of  the  State  (p.  152). 

227  Tennessee  and  Kentucky. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  198-208. 

Decrlbes  the  underground- water  resources  of  the  valley  of  East  Ten- 
nessee,^ the  Cumberland  Plateau,  the  Highland  and  Lexington  Plains,  and 
the  Gulf  Coastal  Plain.  Lists  the  Important  mineral  springs  and  the 
principal  publications  on  underground  waters  of  the  two  States. 
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228  Qoodell  (Edwin  B.).    A  review  of  the  laws  forbidding  pollution  of  inlai^I 

waters  in  the  United  States,  second  edition. 

Water-Sup.  and  Irr.  Paper  no.  152,  U.  S.  Geol.  Survey,  149  pp. 

Many  of  the  enactments  include  laws  against  the  pollution  of  wells  aad 
springs,  as  well  as  surface  streams. 

228a  Oould  (Charles  Newton).     Geology  and  water  resources  of  OkUtionuL 

Water-Sup.  and  Irr.  Paper  no.  148,  U.  S.  Geol.  Survey,  17.3  pp.,  22  pis.,  t: 
figs. 

De8cril>e8  gypsum  caves  (pp.  52,  98),  sink  holes  (p.  74),  brine  sprint- 
(pp.  41,  100-104),  sulphur  springs  (pp.  104-105),  and  the  occarrenc*-  «*' 
salt  water  in  wells  (pp.  106-107).  Describes  the  artesian  conditions,  >t 
counties  (pp.  109-133).  Gives  detailed  statistics  regarding  a  numL<n-  << 
deep  wells  (pp.  105-106)  and  records  (pi.  XXII).  and  describes  the  oara- 
rence  of  underground  water  in  granite,  porphyry,  the  Arbuckle  limet-t'iC'. 
Whitehorn  sandstone,  (Jreer  formation,  Quartermaster  formation,  t^is 
glomerate,  and  In  red  beds  and  alluvium  (pp.  95-100).  Describes  nodr- 
flow  of  .streams  <p.  90).  Classifies  and  descrn)es  the  Bprin|3  of  the  ThtI 
tory  (pp.  94-105),  and  discusses  the  use  of  springs  for  public  sapr!.' 
(p.  99)  and  irrigation  (pp.  139-140).  Discusses  the  use  of  well  water*  f«f 
irrigation  (pp.  140-rl41).  Gives  an  appendix  containing  many  analyses  <' 
wells  (pp.  143-149)  and  springs  (p.  153)  and  statistics  regarding  location, 
size,  depth,  method  of  pumping,  quality  of  water,  discharge,  and  geologies, 
relations  of  261  wells. 

229  Qrant   (U.  S.).     Water  resources  of  the  Mineral  Point  quadrangle,  Wis- 

consin. 

W^ater-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  67-73. 

Gives  a  geologic  section  and  discusses  underground- water  cond'iioB*. 
Good  springs  occur  at  the  outcrop  of  the  (ralena  and  Plattevllle  Iime8tt>D>-> 
and  the  St.  I*eter  sandstone,  while  drilled  wells  obtain  good  supplies  fn>fB 
the  Galena  limestone  and  St.  Peter  and  Potsdam  sandstones. 

230  QregOTj  (H.  E.).     Connecticut. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  76-81.  1  fi?. 

Describes  underground-water  conditions  in  the  limestone  area,  Triasj-i' 
sandstone  area,  and  the  crystalline  areas.  Notes  the  relation  of  faults  t- 
water  supply.  Discusses  springs  and  wells  obtaining  water  in  the  drift. 
Enumerates  mineral  springs  and  gives  list  of  publications. 

231  Qregrory  (John  H.).     The  Scioto  River  storage  dam  at  Columbus,  Ohio. 

Eng.  Rec,  vol.  52,  pp.  302-305,  4  flgs. 

Describes  the  well  and  filtering  gallery  or  conduit  system  now  in  use  it 
Columbus. 

232  Gregory  (J.  W.).    Tlio  Tlnto,  Spain. 

Eng.  and  Min.  .Tour.,  vol.  79,  pp.  370-372,  4  flgs. 

Contains  a  discussion  of  the  agency  of  underground  waters  in  the  tot- 
mation  of  the  copper  deposits  at  this  place. 

233  The  ore  deposits  of  Mount  Lyell.     [California.] 

Min.  and  Sci.  Press,  vol.  91.  (pp.  75-70,  90-91). 

These  two  articles  are  devoted  mainly  to  a  discussion  of  the  agency  of 
water  In  the  genesis  of  these  deposits. 

234  Qrifan    (A.  M.),  Bennett   (Frank)    and.     Soil  survey  of  the  Orangeborp 

area.  South  Carolina. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept,  Agr.,  pp.  185- 
205,  1  map,  1  fig. 

See  Bennett  (Frank)  and  Griffin  (A.  M.). 

235  Ely  (Charles  W.)  and.     Soli  survey  of  Dodge  County,  G,*i. 

Field  Operations  of  the  Bureau  of  Soils,  1004,  U.  S.  Dept.  Agr.,  pp.  231- 
246,  1  map.  1  fig. 

See  Ely  (Charles  W.)  and  Griffin  (A.  M.). 
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i23G  Griffin  (A.  M.),  Hoam  (W.  Edwnrd)  and.  Soil  Hurve.v  of  the  Alma  area, 
Michigan. 

Field  Operations  of  the  Bureau  of  Koila,  1004,  U.  8.  Dept.  A^.,  pp.  639- 
664,  1  map,  1  fig. 

See  Hearn  (W.  Edward)  and  Griffin  (A.  M.). 

237  Oriswold  (Lewis),  Rice  (Thomas  D.)  and.     Soil  survey  of  Acalia  Parish, 

Louisiana. 

Field  Operations  of  the  Bureau  of  Boils,  1903,  U.  S.  Dept.  A^r.,  pp.  461- 
485,  1  fig.,  1  map. 

See  Rice  (Thomas  D.)  and  Oriswold  (Ijewls). 

238  Ghinther  (Charles  Godfrey).     The  gold  deiwsits  of  Plomo,  San  Luis  Park, 

Colorado. 

Econ.  Oeol.,  vol.  1,  pp.  143-154. 

Considers  part  played  by  circulating  ground  waters  In  deposition  of 
ores  along  Assures  and  faults  (p.  153). 

239  An  interesting  fault  system  [California]. 

Eng.  and  Min.  Jour.,  vol.  80,  p.   1013,  1  fig. 

Contains  a  description  of  the  manner  In  which  the  ore-bearing  solutions 
passed  along  the  faults. 

240  (Hlbert  (Grove  Karl).    Plans  for  obtaining  subterranean  temperatures. 

Year  Book  no.  3,  1904.  Carnegie  Institution  of  Washington,  pp.  2u9-260. 
Oives  estimate  of  cost  of  drilling  to  various  depths  and  makes  recom- 
mendations. 

241  Value  and  feasibility  of  a  determination  of  subterranean  temperature 

gradient  by  means  of  a  deep  boring. 

Tear  Book  no.  3,  1904,  Carnegie  Institution  of  Washington,  pp.  261-267. 
Abstract,  p.  120. 

Considers  need  for  such  a  determination,  conditions  to  he  satisfied  in 
the  selection  of  a  site  for  a  boring,  and  concludes  that  the  Litbonia  dis- 
trict, Oeorgla,  Is  preferable. 

242  Goding  (F.  W.).    Queensland  artesian  wells.  »        ^ 

Daily  Consular  Repts.  no.  2166,  Dept.  Com.  and  Labor,  pp.  6-7. 
Oives  statistics  regarding  average  depth,  flow,  temperature,  etc.,  of  the 
960  wells  in  the  State. 

"43  Or«eley  (W.  B.).    The  effect  of  .forest  cover  upon  stream  flow. 

Forestry  and  Irrigation,  vol.  11,  pp.  163-168,  309-315,  4  flgs. 
Discusses  the  absorption  of  rainfall   by   the  soils,  the  effect  of  under- 
ground seepage  on  stream  flow:  and,  in  the  second  article   (pp.  309-315), 
describes  an  investigation  of  certain  areas  in  New  York. 


244  Hale    (Harrison).    Analyses:  Waters  from  Oklahoma  and  Indian  Terri- 

tories. 

Bull.  Bradley  Geol.  Field  Sta.  Drury  Coll..  vol.  1,  pt.  2,  pp.  100-102. 

Gives  the  results  of  examination  of  a  considerable  number  of  well  waters 
to  determine  suitability  for  boiler  purposes. 

245  Hall  (B.  M.).     Rio  Grande  project. 

Water-Sup.  and  Irr.  Paper  no.  146,  IT.  8.  Geol,  Survey,  pp.  75-78. 
Notes  Insufficiency  of  underflow  and  inapplicability  of  submerged  dams 
(pp.  76-77). 

246 Past  and  present  plans  for  irrigation  of  the  Rio  Grande  Valley. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress,  at 
El  Paso,  Tex.,  November  15-18,  1904,  pp.  213-221. 

Discusses  underflow  of  the  Rio  Grande  Valley  as  a  source  of  supply  for 
wells   (pp.  216-218). 
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247  HaU    (Charles  M.)    and  Willard    (Daniel  E.).    Dej^cription  of   Caaeettcs 

and  Fargo  quadrangles.  [North  Dakota  and  Minnes«ota.] 
Geologic  Atlas  U.  8.,  folio  117,  U.  S.  Geol.  Survey,  7  pp. 
Gives  well  logs  and  statistical  data  (pp.  5-6),  describes  spring  and 
drift  and  artesian  wells  (p.  4),  and  the  source  (probably  from  I»ai--'ji 
sandstone)  and  character  of  the  deep  waters.  An  artesian  well  seni*.* 
showing  drift  and  Cretaceous  horizons  (p.  2)  and  maps  sbowlng  flow  sc 
and  nonflowlng  areas  In  drift  and  older  formations,  head,  depth  of  v^  S 
etc.,  are  also  given. 

248  Hall  (Christopher  Webber).     Minnesota. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  226-2:5iS,  1  s*' 
Describes  the  underground-water  resources  of  the  Cambrian.  Ordoviria- 
Cretaceous,  and  Quaternary  rocks  of  the  State.  i:)e8crlbe8  the  artesUa 
basins  and  gives  a  roup  showing  their  distribution.  Notes  the  prinrtn*' 
mineral  springs,  and  describes  the  distribution  of  springs  In  general-  I  i*-? 
the  principal  publications  referring  to  underground  waters  of  the  State. 

249  Hall  (M.  R.)  and  Hoyt  (John  C).     Report  of  progress  of  stream  meaisan?- 

ments  for  the  calendar  year  1904:  Part  IV,  Santee,  Savannnh. 
Ogeechee,  and  Altamaha  rivers  and  eastern  Gulf  of  Mexico  dniiL- 
ages. 

Water-Sup.  and  Irr.  Paper  no.  128,  U.  S.  Geol.  Survey.  168  pp. 

Gives  description  and  discharge  of  Blue  (p.  120)  and  Cave  (p.  ITrH 
springs,  Georgia. 

250 Johnson  (E.,  jr.),  and  Hoyt  (John  C).     Report  of  progress  of  stresini 

measurements  for  the  calendar  year  1904 :  Part  \%  Eastern  Mis^i'* 
sippi  River  drainage. 

Water-Sup.  and  Irr.  Paper  no.  128,  IT.  S.  Geol.  Survey.  168  pp. 

Describes  and  gives  discharge  of  Big  Springs,  Alabama  (p.  152). 

251  Halse    (Edward).    The  ocairrence  of  i)ebbles,  concretions,   and  conglom- 

erate in  metalliferous  veins. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.    no.  4,  pp.  71&-742,  13  figs. 

Contains  a  description  of  the  agency  of  waters  percolating  along  fracture 
planes  In  the  decomposition  of  rocks  and  giving  rise  to  concentric  struc- 
tures which  subsequently  become  rounded  by  attrition,  and  are  flnallj 
cemented  together  by  the  aid  of  mineralised-  thermal  solutions. 

252  Hamlin  (Homer).     Underflow  tests  in  the  drainage  basin  of  Los  Angeie;^ 

River. 

Water-Sup.  and  Irr.  Paper  no.  112,  L'.  S.  Geol.  Survey,  55  pp. 

Discusses  the  occurrence  of  ground  waters,  nature  of  water  table,  and 
fluctuations  and  movements  of  the  water  body  (pp.  9-11).  Describes  under- 
flow tests  Including  location  of  wells,  methods  of  driving  and  drill iop. 
machinery  and  materials,  well  points,  underflow  meter,  charging  of  welin, 
measurement  of  velocity,  etc.  (pp.  11-29 >,  and  gives  summary  (p.  53 •. 
Porosity,  packing,  and  capacity  of  sediments  are  considered  (pp.  2^31 1. 
and  records  of  actual  tests  given  In  detail  (pp.  33-53).  Many  local  well 
records  are  given  by  diagram. 

253  Hammond  (G.  A.).     Diamond-drill  methods. 

Water-Sup.  and  Irr.  Paper  no.  14(?,  r.  S.  Geol.  Survey,  pp  78-80. 
Describes  apparatus  and  methods  of  work  under  different  condltiom.. 

254  Haney    (J.  G.).     Irrigation  experiments  at  Fort  Hays,  Kans..  1903  and 

1004. 

Bull.  Ofllce  F:xp.  Sta.,  U.  S.  Dept.  Agr..  no  158,  pp.  567-583. 

Describes  experiments  In  using  wells  for  Irrigation ;  discusses  methods  of 
drilling  and  pumping  and  cost  of  wells,  and  relations  to  geology. 
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255  Hanna  (F.  W.).    The  Irregular  flow  of  rivers  in  humid  prairie  States. 

Eng.  News.  vol.  54,  pp.  118-119. 

Pasturage,  drainage,  and  cultlration  has  resulted  in  an  Increase  of  the 
amount  of  rainfall  running  off  from  the  surface  and  a  decrease  in  the 
amount  of  ground  water  which  escapes  into  the  streams,  and,  therefore, 
causing  great  irregularity  In  the  flow  of  the  rivers. 

256  Harris  (Gilbert  D.).     Underground  waters  of  southern  Louisiana. 

Bull.  Louisiana  Geol.  Survey  no.  1,  pp.  1-77,  7  pis.,  12  flgs. 

Discusses  the  origin  of  the  artesian  and  deep-well  waters,  gives  detailed 
well  statistics,  discusses  variation  in  flow  and  pressure  head,  methods  of 
well  drilling  and  pumping,  and  gives  records  and  analysep. 

257  Harrison  (Virginius).    Mineral  waters. 

Bull.  Virginia  Hosp.,  vol.  1,  no.  3,  pp.  41-45. 

Discusses  briefly  the  origin  of  mineral  waters  and  the  origin  of  thermal 
springs ;  gives  Crook's  classification  according  to  composition,  and  outlines 
their  therapeutic  uses. 

258  Harroun  (Philip  B.).    The  waterworks  of  Porterville,  California. 

Trans.  Am.  Soc.  Civil  Eng.,  vol.  54,  pp.  235-279)  pis.  19  and  20,  5  flgs. 

Describes  the  wells  furnishing  the  water  supply  as  to  size,  depth,  loca- 
tion, materials  passed  through,  etc.  Describes  leakage  of  oil  from  fuel-oll 
storage  tank,  resulting  In  contamination  of  the  ground  water  and  conse- 
quent pollution  of  the  city's  supply.  In  the  discussion  attached  to  this 
article  H.  F.  Dunham  discusses  the  pollution  of  well  waters  and  Mr. 
Harroun  describes  the  Herron  perforator  for  perforating  well  casings  in 
place. 

259  Hatch  (Frederick  H.)  and  Corstorphine  (Ge<*ge  S.).    The  origin  of  the 

Witwatersrand  gold.     [Transvaal.] 

Eng.  and  MIn.  Jour.,  vol.  79,  pp.  80-81. 

Discusses  the  agency  of  underground  water  in  formation  of  the  aurifer- 
ous deposits. 

260  Hatcher  (J.  B.),  Stanton  (Timothy  W.)  and.    Geology  and  paleontology 

of  the  Judith  River  beds. 

Bull.  U.  S.  Geol.  Survey  no.  257,  pp.  1-66. 

See  Stanton  (Timothy  W.)  and  Hatcher  (J.  B.). 

261  Hawortli  (Erasmus),  Schrader  (F.  C.)  and.    Oil  and  gas  of  the  Independ- 

ence quadrangle,  Kansas. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  446-458. 
See  Schrader  (F.  C.)  and  Haworth  (Erasmus). 

262  Hayes   (C.  Willard).     Contributions  to  economic  geology,  1904;  introduc- 

tion. 

Bull.  U.  8.  Geol.  Survey  no.  260,  pp.  11-18. 

Gives  list  of  folios  containing  discussions  of  underground  and  artesian 
waters,  mineral  springs,  etc. 

263  Hazelhurst    (J.   N.).    Sanitary  engineering  in  the  South  and  the  labor 

question. 

Eng.  News,  vol.  54,  pp.  294-295  ;  Municipal  Engineering,  vol.  29,  pp.  249- 
252. 

Notes  the  dlfllculty  of  construction  of  sewage-discharge  works  at  New 
Orleans  due  to  the  complete  saturation  of  the  ground  at  all  points  beneath 
the  surface ;  considerable  attention  Is  given  to  the  subject  of  Infiltration  of 
ground  water  Into  the  sewer  pipes  and  the  danger  of  overcharging  the  same 
by  excessive  Infiltration  of  ground  water. 
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264  Headden  (William  P.).     The  Doughty  Springs,  a  group  of  radlum-beanii: 

springs  on  the  North  Forlc  of  Gunnison  River,  I>elta  CouDtj. 
Colorado. 

Proc.  Colorado  Scl.  Soc,  vol.  8,  pp.  1-30,  6  pis. 

A  very  complete  description  of  the  location,  geology,  depositji,  flow,  cnr: 
position  of  the  water  (many  analyses  being  given),  temperatures,  etc..  cf 
these  springs.  Describes  the  deposition  of  barium  sulphate  from  tln^ 
spring  water.  Describes  the  tests  made  to  show  the  presence  of  radium  In 
the  deposits  of  the  springs,  and  reproduces  several  pbotograplis  shovini: 
the  action  upon  photographic  plates  of  the  sinter  deposited  by  the  sprinsi. 

265  Mineralogical  notes,  no.  II. 

Proc.  Colorado  Scl.  Soc,  vol.  8,  pp.  55-70. 

Discusses  the  origin  of  the  aluminum  sulphate  occurring  In  the  Ahs 
Spring,  Delta  County,  Colo.,  and  gives  analyses  of  deposits  of  alaoosrn 
occurring  in  the  vicinity  of  the  springs  (pp.  62-6G).  Gives  a  description 
and  analysis  of  a  hydrated  basic  alumlnic  sulphate  deposited  by  the  McVvtv 
of  alkaline  spring  waters  upon  spring  waters  carrying  alumlnic  sulptutp 
in  solution  at  Doughty  Springs,  Delta  County,  Colo.  (pp.  66-67). 

266  Hearn   (W.  Edward)   and  Carr   (M.  E.).     Soil  survey  of  the  Biloxl  arpa. 

Mississippi. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  3.'4- 
374,  1  map,  1  fig. 

Mentions  flowing  artesian  wells  In  the  area  (pp.  358-359). 

267  and  Griffin  (A.  M.).     Soil  survey  of  the  Alma  area,  Michigan. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  6S$- 
664,  1  map,  1  flg. 

Mentions  occurrence  of  artesian  and  ordinary  wells,  and  depths  to  wat^r 
(p.  644).  • 

267a  Henderson  (C.  R.),  Maury  (Dabney  H.),  Burdick  (C.  B.),  and.     Repi»n 
of  the  committee  on  waterworks. 

Twentieth  Ann.  Kept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  132-139. 
See  Maury  (Dabney  IL),  Burdick  (C.  B.),  and  Henderson  (C.  ILl. 

268  Hill  (John  W.).    The  Torresdale  conduit  [Philadelphia,  Pa.]. 

Jour.  B^anklln  Institute,  vol.  159,  pp.  241-297,  pis.  1-30.  Also  In  Pn«L 
Eng.  Club  of  Phlla.,  vol.  22,  pp.  129-189. 

Describes  the  encountering  of  water  in  diamond-drill  borings  and  in  ro«^ 
and  gravel  excavations  along  the  line  of  the  conduit ;  discusses  the  level  -^ 
ground  water,  the  leakage  of  ground  water  into  the  sewer,  the  bead  and 
leakage  of  ground  water  in  the  case  of  the  Jersey  City  conduit  and  seven. 
conduits  In  New  York  State ;  discusses  briefly  the  analyses  of  the  rock  tad 
ground  waters  encountered  (no  analyses  given). 

269  Hill  (Robert  T.).     El  Oro  district,  Mexico. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  410-413,  11  flga. 

Contains  a  discussion  of  the  agency  of  mineral-bearing  solutions  in  it- 
forroatlon  of  the  deposits. 

270  Source  of  volcanic  water. 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  13-14,  4  columns. 

Discusses  two  theories :  ( 1 )  That  the  volcanoes  are  fed  by  InflltraffS 
of  surface  waters,  and  (2)  that  the  water  Is  derived  from  the  gases  of  t^^ 
earth's  Interior. 

271  Pel^  and  the  evolution  of  the  Windward  Archipelago. 

Bull.  Geol.  Soc.  America,  vol.  16,  pp.  243-288. 

Mentions  the  occurrence  of  warm  springs  (p.  248),  and  notes  th^  part  -f 
water  in  ore  deposition  (p.  278)  ;  describes  the  products  of  eruptions  ad>1 
the  discharge  of  water  vapor  (pp.  250,  271)  ;  considers  the  part  of  water  U 
producing  eruptions  (pp.  280,  281,  287)  ;  ascribes  an  origin  of  the  water  rf 
vulcanism  from  interior  gases  (p.  284),  and  quotes  Gelkle  (p.  286 1  »9i 
Suess  (p.  288)  on  the  magmatic  origin  of  waters  of  hot  springs  sai 
volcanoes. 
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272  Hinderlider  (M.  C.)  and  Hoyt  (John  C).     Report  of  progress  of  stream 

measurements  for  the  calendar  year  1904 :  Part  VIII,  Platte,  Kan- 
sas, Meramee,  Arkansas,  and  Red  River  drainages. 

Water-Sup.  and  Irr.  Paper  no.  131,  U.  S.  (5eol.  Survey,  203  pp. 

Describes  and  gives  discharge  of  Greer  (p.  178)  and  Meramee  springs 
(p.  123)  in  Missouri. 

273  Swendaen    (G.   L.),   and  Chandler    (A.   E.).     Report  of  progress  of 

stream  measurements  for  the  calendar  year  1904:  Part  X,  Colo- 
rado River  and  the  Great  Basin  drainages. 

Water-Sup.  and  Irr.  Paper  no.  133,  U.  S.  Geol.  Survey,  384  pp. 

Gives  discharge  of  Big  Springs,  Utah  (p.  364),  Heitmans  and  Monfrena 
springs,  Nevada  (p.  358),  and  describes  seepage  investigations  In  Arizona 
(p.  48). 

274  Hitchcock  (A.  S.).     Alfalfa  growing. 

Farmers*  Bull.  no.  215,  U.  S.  Dept.  Agr.,  39  pp.,  8  figs. 
Describes    irrigation   of  alfalfa   by    artesian    wells,    streams,    etc.,    (pp. 
20-22). 

275  Hitchcock  (C.  H.).     Fresh-water  springs  in  the  ocean. 

Pop.  Scl.  Monthly,  vol.  67.  pp.  673-683,  3  figs. 

Describes  the  underground  waters  of  the  Hawaiian  Islands,  Cuba,  and 
Florida,  and  the  occurrence  of  fresh-water  springs  in  the  ocean  off  the 
coast  of  these  places. 

276  Hixon  (Hiram  W.).    Geology  of  the  Sudbury  district 

Rng.  and  Min.  Jour.,  vol.  79,  pp.  334-335,  1  fig. 

Letter  to  the  editor  in  reply  to  article  of  A.  P.  Coleman.  Defends  his 
statements  that  the  nickel  ores  of  this  district  were  deposited  from  under- 
ground waters. 

277 Volcanoes  and  earthquakes. 

Eng.  and  Min.  Jour.,  vol.  70,  p.  1245. 

The  author  ascribes  these  phenomena  to  the  escape  of  the  water  of  com- 
bination held  in  the  igneous  core  of  the  earth. 

278 The  Sudbury  district. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  116-117. 

Discusses  the  agency  of  heated  thermal  waters  from  igneous  magmas  in 
the  formation  of  ore  deposits,  and  quotes  C.  V.  Corless  to  show  the  origin  of 
the  Sudbury  deposits  to  be  due  to  deposition  from  mineralizing  solutions. 

279  HobbB  (William  Herbert).     Origin  of  the  channels  surrounding  Manhattan 

Island,  New  York. 

Bull.  Geol.  Soc.  America,  vol.  16,  pp.  151-182. 
Gives  several  sections  based  on  borings. 

280  The  configuration  of  the  rock  floor  of  Greater  New  York. 

Bull.  U.  S.  Geol.  Survey  no.  270,  96  pp.,  5  pis.,  6  figs. 
Compiles  1,424  records  of  wells  and  borings,  giving  depths  to  bed  rock 
and  occasionally  more  complete  records. 

281  HolUster  (George  B.).    Waters  of  a  gravel-filled  valley  near  Tully,  N.  Y. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  179-184. 

Describes  the  occurrence  and  composition  of  the  ground  waters  of  a  deep 
valley  deposit  of  glacial  gravels,  and  gives  analyses  of  spring  wateri^  The 
deposits  are  typical  of  their  kind,  and  occur  at  many  points  In  New  York 
and  New  England.  The  discharge  and  tufa  deposits  of  the  springs  are  also 
described. 
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282  Holmes  (J.  Garnett)  and  Neill  (N.  P.).     Soil  survey  of  the  Greeley  »na, 

Colorado. 

Field  Operations  of  tlie  Bureau  of  Soils,  1904,  TJ.  S.  Dept  A^..  pp.  951- 
993,  1  map,  1  fig. 

Discusses  briefly  the  relation  of  underground  and  fseepage  watera  to 
Irrigation  (pp.  983-984). 

283  and  others.    Soil  survey  of  the  Yuma  area,  Arizona-California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr..  pp.  H125- 
1047,  2  maps.  1  fig. 

Discusses  briefly  the  occurrence  of  underground  and  seepage  waters  isd 
their  effect  on  alkali  (p.  1043). 

284  and  others.     Soil  survey  of  the  San  Bernardino  Valley,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Aj^r.,  pp.  lli:>- 
1151,  1  map.  1  fig. 

Describes  the  geologic  occurrence  of  artesian  water  and  **  pumped  water  " 
in  gravel  (pp.  1122-1123),  and  use  for  Irrigation  (pp.  1142-1143).  DU 
cusses  seepage  waters  and  injurious  effect  on  agricultaral  conditions  (pp. 
1141-1142). 

285  Horton  (Robert  E.).    The  drainage  of  ponds  into  drilled  wells. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  30-39. 

Describes  the  drainage  of  ponds  and  swamps  In  kettle  holes,  etc.,  of  the 
'  drift  regions  of  Michigan  into  drilled  wells,  and  discusses  the  underground 
.  conditions,  methods,  cost,  and  capacity  of  the  wells,  and  gives  examples  of 
their  successful  application. 

286 Importance  of  general  hydrographie  data  concerning  basins  of  streams 

gaged. 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  S.  Geol.  Survey,  pp.  87-89. 
Points  out  necessity  of  knowledge  of  soils  and  rocks  and  their  ahsorptlre 
capacities. 

287  Hove  (A.  M.).     The  Pecos  Valley  [Texas  and  New  Mexico]. 

Forestry  and  Irrigation,  vol.  11,  pp.  433-435,  2  figs. 

Mentlohs  the  use  of  arteslan-well  water  in  Irrigation,  and  a  photograph 
given  shows  an  artesian  well  in  New  Mexico  with  a  flow  of  3,000  gallons  a 
minute. 

288  Hovey  (Edmond  Otis).     The  western  Sierra  Madre  Mountains. 

Science,  new  ser.,  vol.  21,  pp.  585-587. 

Mentions  shallow  wells  which  obtain  water  from  underground  water 
courses  for  copper  smelters  at  Douglas,  Aris.   (p.  586.). 

289  Hovey  (Horace  C).     Strange  mazes  and  chasms  in  Mammoth  Cave. 

Scl.  Am.  Supp.,  vol.  60,  pp.  24680-24681,  2  figs. 

Description  of  explorations  made  in  1859,  1863,  and  1905  In  Mammoth 
Cave,  Kentucky. 

290  Howarth  (O.  H.).     Vein  structure. 

Mines  and  Minerals,  vol.  25,  pp.  369-,371,  5  figs. 

Discusses  the  agency  of  underground  water  in  the  formation  of  veins. 

291  Hoyt    (John  C),  Babb    (Cyrus  C.)    and.     Report  of  progress  of  stream 

measurements  for  the  calendar  year  1904;  Part  VII,  Hudson  Bay, 
Minnesota,  Wapsipinlcon,  Iowa,  Des  Moines,  and  Missouri  River 
drainages. 

Water-Sup.  and  Irr.  I'aper  no.  130,  II.  S.  Geol.  Survey,  204  pp. 

See  Babb  (Cyrus  C.)  and  Hoyt  (John  C). 
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292  Hoyt  (John  C.)>  Hall  (M.  R.)  and.  Report  of  progress  of  stream  measure- 
ments for  the  calendar  year  1904;  Part  IV,  Santee,  Savannah, 
Ogeechee,  and  Altamaha  rivers  and  Eastern  Qulf  of  Mexico  drains 
ages. 

Water-Sup.  and  Irr.  Paper  no.  127,  U.  S.  Geol.  Survey,  192  pp. 

See  Ilall  (M.  R.)  and  Hoyt  (John  C). 

293 Hall  (M.  R.),  Johnson  (E.,  jr.)  and.    Report  of  progress  of  stream 

measurements  for  the  calendar  year  1904 ;  Part  V,  Eastern  Missis- 
sippi River  drainage. 

Water-Sup.  and  Irr.  Paper  no.  128,  U.  S.  Geol.  Survey,  108  pp. 

See  Hall  (M.  R.),  Johnson  (E.,  Jr.),  and  Hoyt  (John  C). 

294 Hinderlider   (M.  C.)    and.    Report  of  progress  of  stream  measure- 

.ments   for   the  calendar  year   1904;  Part   VIII,   Platte,   Kansas, 
Meramec,  Arkansas,  and  Red  River  drainages. 
Water-Sup.  and  Irr.  Paper  no.  131,  U.  S.  Geol.  Survey,  203  pp. 
See  HInderllder  (M.  C.)  and  Hoyt  (John  C). 

295 Taylor  (T.  U.)  and.    Report  of  progress  of  stream  measurements  for 

the  calendar  year  1904 ;  Part  IX,  Western  Gulf  of  Mexioo  and  Rio 
Grande  drainages. 

Water-Sup.  and  Irr.  Paper  no.  132,  U.  S.  Geol.  Survey,  132  pp. 
See  Taylor  (T.  U.)  and  Hoyt  (John  C). 

296 and  Wood  (B.  D.).    Index  to  the  hydrographic  progress  reports  of 

the  United  States  Geological  Survey,  1888-1903. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol,  Survey,  253  pp. 

This  Is  a  place  index,  and  although  the  discharges  of  a  number  of  springs 
are  given  they  can  he  found  only  when  name  of  spring  is  known. 

297  Hulbert  (H.  B.).    The  Island  of  Quelpart  [Asia]. 

Bull.  Am.  Geog.  Soc,  vol.  37,  pp.  306-408,  1  fig. 

Mentions  the  occurrence  of  a  mountain  spring  known  as  the  **  Bushel 
well,"  and  gives  a  legend  relating  to  It. 

298  Huntington  (Ellsworth).    The  depression  of  Sistan,  in  eastern  Persia. 

Bull.  Am.  Geog.  Soc,  vol.  37,  pp.  271-281,  2  figs. 

Notes  the  location  of  wells  in  dry  stream  beds  where  the  water  was  only 
a  few  feet  below  the  surface  (p.  276). 

299 The  mountains  and  kibltkas  of  Tian  Shan  [Asia]. 

Bull.  Am.  Geog.  Soc,  vol.  37,  pp.  513-530,  2  figs. 

Describes  the  occurrence  of  springs  and  ascribes  their  origin  to  water 
under  artesian  pressure  in  glacial  gravels.  A  figure  is  given  to  show  the 
conditions. 

isOO A  geologic  and  physiographic  reconnaissance  in  central  Turkestan. 

Explorations  In  Turkestan,  with  an  account  of  the  basin  of  eastern  Persia 
and  Slstan — Carnegie  Institution  of  Washington,  pp.  157-216,  20  figs. 

Notes  numerous  large  springs  from  gravel  In  Bokhara  (pp.  180-181). 
Describes  springs  near  Shor  Kul  and  explains  the  artesian  conditions  giv- 
ing rise  to  these  springs  (pp,  210-213). 

301 The  basin  of  eastern  Persia  and  Sistan. 

Explorations  In  Turkestan,  with  an  account  of  the  basin  of  eastern  Persia 
and  Slstan — Carnegie  Institution  of  Washington,  pp.  217-317,  25  figs. 

Notes  the  use  of  springs  and  subterranean  drainage  tunnels  In  the  irri- 
gation of  eastern  Persia  (pp.  226,  304,  305).  Mentions  absorption  of 
water  of  streams  by  gravels  (pp.  247,  240,  252,  276).  Quotes  Holdich,  who 
ascribes  the  waterless  conditions  of  portions  of  southern  Baluchistan  to  a 
gradual  exhaustion  of  the  subterranean  supply  (p.  303).  Quotes  Sykes  to 
show  that  In  the  higher  mountains  of  this  corner  of  Persia  water  can 
usually  be  found  by  digging  in  the  water  courses  (p.  304).  Notes  existence 
of  brackish  water  In  wells  In  the  desert  at  a  depth  of  5  feet  (pp.  304,  305). 
Legends  relating  to  the  drying  up  of  the  springs  are*  given  (pp.  312-314). 
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302  Ingalls  (O.  L.).    Present  and  prospective  sanitation  of  Manila. 

Trans.  Assoc.  Civil  Eng.  of  Cornell  Univ.,  pp.  105-112. 
Gives  the  ground-water  infiltration  Into  the  sewers  of  Manila  as  1.250.0<Xi 
.  gallons  per  square  mile  per  day.     Notes  that  all  sewers  are  laid  at  a  coa- 
slderable  distance  below  sea  level  in  soil  saturated  witli  water. 

303  Irrigation.     Bonita  Valley  [Coloradol. 

Irrigation,  vol.  2.  pp.  3-4,  1  fig. 

Notes  the  existence  of  numerous  wells  10-70  feet  deep  in  tbe  valle; 
furnishing  water  for  domestic  use  the  year  round. 

304  Roswell  artesian  basin. 

Irrigation,  vol.  2,  no.  5,  p.  5. 

Describes  the  location,  character  of  rocks,  artesian-water  borlzona,  aouree 
of  supply,  depth  of  wells,  pressure,  and  decrease  in  flow  of  the  Roswell  arte- 
sian basin,  in  the  Pecos  Valley,  New  Mexico. 

305 [Irrigation  by  artesian  flow]. 

Irrigation,  vol.  2,  no.  5,  p.  17. 

Notes  the  use  of  the  underflow  for  irrigation  in  Colorado. 

306 Idaho's  l)ounteous  water  supply. 

Irrigation,  vol.  3,  no.  5,  pp.  5-6,  1  fig. 

Describes  the  numerous  springs  issuing  from  water-bearing  beds  out- 
cropping in  the  Snake  River  Canyon.  Notes  the  existence  of  hot.  fissure 
springs  on  the  Snake  River  plains.  Mentions  the  use  of  the  spring  water 
for  Irrigation. 

307 Wyoming  farmers  are  prosperous. 

Irrigation,  vol.  3,  no.  5.  pp.  13-14. 

Mentions  a  flowing  well  1,000  feet  deep  near  Laramie.  Wyo.,  and  notes 
the  existence  of  many  wells  in  this  section,  the  water  of  which  is  ased  for 
stock  and  domestic  and  irrigation  purposes. 

308 How  land  is  prepared  for  irrigation  and  water  applied  for  crops. 

Irrigation,  vol.  4,  no.  2,  pp.  .3-.*),  3  figs. 

Notes  the  i:se  of  spring  water  in  irrigation  in  Scott  County,  Nebr.  (p.  5). 

309  Irrigation  Age.     [Artesian  water  in  tlie  Pecos  Valley,  New  Mexico.] 
Irrigation  Age,  vol.  20,  p.  88. 

Notes  the  existence  of  nn  Inexhaustible  supply  of  water  underlying  tbe 
desert  land  in  this  vicinity. 

310 Artesian  wells. 

Irrigation  Age,  vol.  20,  p.  174. 

Describes  the  obtaining  of  flowing  wells  and  tlielr  use  In  the  Irrigation 
of  the  Snake  River  lands,  Idaho. 

311  South  Dakota  irrigation. 

Irrigation  Age,  vol.  20,  p.  216. 

Describes  results  attained  by  irrigation  from  an  artesian  well  with  a 
flow  of  550  gallons  per  minute. 

312  Measuring  the  flow  in  underground  streams. 

Irrigation  Age,  vol.  20,  p.  233,  2  flgs. 

Describes  electrical  method  of  Prof.  C.  S.  Sllchter. 

313  A  neglected  opiwrtunity  in  arid  reclamation. 

Irrigation  Age.  vol.  21.  p.  10. 

I)escrn)cs  the  disappearance  of  numerous  streams  In  Idaho  In  paasinir 
over  gravel  deposits,  and  states  that  the  diversion  of  canals  fk^om  tbe«e 
streams  would  result  in  an  appreciable  saving  of  water. 
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314  Irrigation  Ag^.     Preparing  land  for  irrigation  and  methods  of  applying 
water. 

Irrigation  Age.  vol.  21,  pp.  24-26. 

Describes  the  use  of  springs  In  Irrigation  In  Scott  County,  Nebr. 

315 Lake  View  ranch  [Frio  Co.,  Texas]. 

Irrigation  Aid,  vol.  2,  no.  4.  pp.  10-11,  15. 

Describes  a  well  which  furnishes  water  for  irrigation,  and  describes 
pumping  tests  made  upon  It. 

316  San  Marcos  [Texas]. 

Irrigation  Aid,  vol.  2,  no.  6,  pp.  2-12,  9  figs. 

Contains  a  description  of  the  flowing  well  at  the  United  States  Fish  Cul- 
ture station  at  this  place. 

317  Irrigation  Aid.     Ho  Ra  Company's  pumping  plants. 

Irrigation  Aid,  vol.  1,  no.  .1,  p.  16. 

Describes  one  of  the  wells  of  thfa  company  and  the  effect  of  pumping 
upon  the  level  of  the  water  In  the  well.  , 

318  Irrigating  from  wells  near  Cotulla  [Texas]. 

Irrigation  Aid,  vol.  1,  no.  .5.  p.  23. 

Describes  a  well  225  feet  deep,  the  w^at?r  of  which  is  used  for  irrigation. 

319  Pumping  at  Centerpoint  [Texas]. 

Irrigation  Aid,  vol.  1.  no.  5,  p.  23. 

Describes  a  well  225  feet  deep,  the  water  from  which  is  used  for  irri- 
gation. 

320 In  the  Devlne  country  [Texas]. 

Irrigation  Aid,  vol.  2,  no.  2,  pp.  4-7. 

Describes  several  wells  In  this  section,  the  water  of  which  Is  used  for 
irrigation. 

321  Kingsvllle  [Texas]. 

Irrigation  Aid,  vol.  2,  no.  3,  pp.  5-7,  17-19,  1  flg. 
Describes  several  flowing  wells  In  this  region. 

322  Falfurrias  [Texas]. 

Irrigation  Aid,  vol.  2,  no.  4,  pp.  4-7. 

Describes  several  flowing  wells  which  furnish  water  for  Irrigation. 

323  Artesia  [Texas]. 

Irrigation  Aid,  vol.  2,  no.  5,  pp.  4-6. 

Describes  several  flowing  wells  which  furnish  water  for  irrigation 
purposes. 

324  Wells. 

Irrigation  Aid,  vol.  2,  no.  5,  pp.  21-22. 

A  brief  description  of  dug,  driven,  and  drilled  or  bored  wells. 

325  Lake  View  ranch  [Frio  Co.,  Texas]. 

Irrigation  Aid,  vol.  2,  no.  6,  pp.  12-15. 

Describes  a  well  which  furnishes  water  for  Irrigation,  and  describes 
pumping  tests  upon  It.  Notes  that  water  can  be  obtained  in  the  vicinity  of 
Dllley  at  a  depth  of  40-00  feet. 

326  Red  River  project  [Oklahoma  1. 

Irrigation  Aid,  vol.  3,  no.  4.  pp.  18-19. 

Mentions  three  salt  springs  which  flow  Into  Elm  Fork,  a  branch  of  the 
North  Fork  of  Red  River. 

327  Irving  (John  Duer).     Ore  deposits  of  the  Ouray  district,  Colorado. 

Bull.  U.  S.  Oeol.  Survey  no.  260,  pp.  50-77. 

Considers  part  of  ground  water  in  ore  deposition  (pp.  65,  69-71,  75). 
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328  Irving  (John  Duer).    The  ore  deposits  of  the  Ouray  quadrangle,  Colorado. 
Abstract :  Science,  new  ser.,  vol.  21,  pp.  916-917. 

(lives  theory  of  origin  due  to  ascension  of  alkaline  waters  and  replan^ 
ment  of  quartzlte  along  fissures. 


329  Jackson  (Daniel  D.).    The  normal  distribution  of  chlorine  in  the  oatural 

waters  of  New  York  and  New  England. 

Water-Sup.  and  Irr.  Paper  no.  144,  U.  S.  Geol.  Survey,  31  pp. 

Notes  the  Influence  of  geologic  deposits  on  chlorine  In  Inland  States  ip 
10),  and  furnishes  chlorine  maps  and  tables  showing  source  of  waters  ex- 
amined (lakes,  streams,  ponds,  and  wells)  for  each  of  the  New  England 
States  and  New  York. 

330  Jaggar    (Thomas   A.,   jr.)    and   Falache    (Charles).     Description   of  tbe 

Bradshaw  Mountains  quadrangle  [Arizona]. 

Geologic  Atlas  IT.  S..  folio  126,  U.  S.  Geol.  Survey.  11  pp..  4  mape,  1  lltus. 
sheet. 

Describes  deposits  of  travertine  and  onyx  breccia  formed  by  hot  sprinsi 
(p.  3).  Notes  the  use  of  mine  water  and  springs  for  mine  operations 
(p.  11). 

331  James  (George  D.).    Notes  on  Death  Valley  and  the  Panamint 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  914-918.  7  figs.,  1  map. 

Furnishes  map  showing  the  location  of  the  springs  In  this  district.  Notn 
the  absorption  of  water  by  sands  and  gravels  and  its  subsequent  reappear 
ance  in  wells  and  springs,  and  states  that  the  water  from  the  springs  b 
good. 

332  Janin  (George).    The  Montreal  waterworks^  [Quebec]. 

Municipal  Engineering,  vol.  29,  pp.  278-280. 

Notes  the  supplying  of  the  city  about  1800  by  springs  from  Mount  Royal. 

332a  Jensen  (Charles  A.)  and  IMLackie  (W.  W.).  Soil  survey  of  the  Baker  City 
area,  Oregon. 

Field  Operations  of  the  Bureau  of  Soils,  1903.  U.  8.  Dept,  Agr.,  pp 
1151-1170,  1  fig.,  4  maps. 

Discusses  the  Influence  of  Irrigation  In  raising  the  ground-water  lev^I 
and  In  rendering  the  soli  In  many  localities  highly  alkaline.  Methods  of 
drainage  for  alkaline  tracts  are  proposed. 

333  and  Strahom  (A.  T.).     Soil  survey  of  the  Bear  River  area,  Utah. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  91ko- 
1023,  3  maps.  1  flg. 

Discusses  the  occurrence  of  underground  and  seepage  waters  (pp.  1013 
1014),  furnishes  map  showing  depths  to  water  table   (map  46),  and  dis- 
cusses its  relations  to  alkali  In  the  soil  (pp.  1014-1018).     Mentions  ocrnr 
rence  of  springs  and  flowing  artesian  wells,  and  notes  their  usual  comptisi- 
tion  (p.  1018). 

334 Lapham  (Macy  H.)  and.  Soli  survey  of  the  Bakersfield  area.  Cali- 
fornia. 

Field  Operations  of  the  Bureau  of  Soils,  1904.  U.  S.  Dept.  Agr.,  pp.  lOSS*- 
1114.  3  maps,  1  fig. 

See  Lapham  (Macy  II.)  and  Jensen  (Charles  A.). 

335  Johnson  (Douglas  Wilson).  Relation  of  the  law  to  underground  waters. 
Water-Sup.  and  Irr.  Paper  no.  122,  U.  S.  Geol.  Survey,  55  pp. 
Discusses  the  common-law  rulings  concerning  underground  waters  movins 
by  general  percolation  or  definite  channels,  and  quotes  decisions  concerDlng 
the  same :  legislative  acts  passed  by  the  various  State  legislatures  for  tb^ 
purpose  of  regulating  the  use  or  pollution  of  underground  waters  are  al» 
given. 
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336  Johnson  (E.,  Jr.),  Hall  (M.  R.),  and  Mojt  (John  C).    Report  of  progress 

of  stream  measurements  for  the  calendar  year  1904 :  Part  V,  East- 
em  Mississippi  River  Drainage. 

Water-Sup.  and  Irr.  Paper  no.  128,  U.  S.  Q«ol.  Survey,  168  pp. 

See  Hall  (M.  R.),  Johnson  (B.  Jr.),  and  Hoyt  (John  C). 

337  Johnson  (L.  C).     Mississippi. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  170-178,  1  fig. 

Describes  water-bearing  strata  In  the  Carboniferous,  Cretaceous,  Tertiary, 
and  Pleistocene  formations.  Gives  a  list  of  mineral  springs  and  of  publi- 
cations relating  to  underground  waters  of  the  State. 

338  Johnson  (R.  D.  O.).    The  diamond  drill  In  Missouri. 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  243-246. 

Describes  the  encountering  of  channels,  sometimes  water  bearing,  in 
which  the  water  fed  to  the  bit  fails  to  come  to  the  surface.  The  methods 
of  getting  by  these  openings  are  discussed. 

339 Lead  mining  In  southeastern  Missouri. 

Eng.  and  Min.  Jour.,  vol.  80,  pp.  481-482. 

Contains  descriptions  of  the  quantity  of  water  encountered  In  the  shafts 
of  this  district. 

340  Jones  (Helen  Lukens).    The  water  system  of  Pasadena. 

The  oflBcial  proceedings  of  the  Twelfth  National  Irrigation  Congress  at 
El  Paso,  Tex:,  November  15-18,  1904,  pp.  137-138. 

Discusses  the  water  supply  of  Pasadena,  Cal.,  derived  entirely  from 
pumping  wells,  and  states  methods  of  economy  in  use  of  water. 

341  Jones  (Jessie).    Corrosion  of  brass  and  bronze  by  mine  w^ter. 

Metal  Industry,  vol.  3,  pp.  9,  171 ;  Mining  Reporter,  vol.  52,  pp.  623- 
624 ;  Chemical  Engineer,  vol.  2,  pp.  358-361. 

Contains  analyses  of  the  water  In  the  mines  of  the  Lehigh  and  Wllkes- 
Iwrre  Coal  Company,  near  Audenrled,  Carbon  County,  Pa.,  and  descriptions 
of  tests  made  to  determine  the  effect  of  these  waters  upon  brass  and  bronze. 

342  Jones  (John  T.).     Unwatering  the  Hamilton  mine.     [Michigan.] 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  867-868. 

Describes  the  encountering  of  a  water  cavern  while  drilling  In  one  of  the 
shafts,  the  immense  head  on  the  water,  the  drainage  of  water  from  higher 
level  of  a  near-by  mine,  the  subsequent  filling  of  both  mines  by  the  water, 
and  the  steps  taken  to  exhaust  the  contents  of  the  cavity,  after  which  the 
flow  of  water  was  normal. 

343  Journal  of  Qeography.     The  Monarch  Geyser.     [New  Zealand.] 

Jour.  Qeog.,  vol.  4,  p.  143. 

Brief  description  of  the  geyser  Walmangu,  near  Koturna,  New  Zealand. 
This  geyser  made  its  appearance  two  years  ago  and  Is  about  half  an  acre 
in  extent 


344  TfftTisas,  State  Board  of  Health  of. 

Second  Biennial  Report  or  the  Nineteenth  and  Twentieth  Annual  reports, 
from  January  1,  1903,  to  December  31,  1904,  182  pp. 

Discusses  the  contamination  of  well  water  at  Holton  by  sewage  (pp. 
70-71). 

345  Kearney    (Thomas   H.).    Agriculture   without   Irrigation   In   the   Sahara 

Desert. 

Bull.  Bureau  of  Plant  Industry,  U.  S.  Dcpt.  Agr.,  no.  86,  27  pp.,  5  pis., 
1  fig.,  1  map. 

Notes  the  occurrence  of  thousands  of  shallow  wells  In  the  Souf  country. 
Describes  method  of  raising  water  by  means  of  bucket  and  pole ;  mentions 
occurrence  of  magnesium  water  In  some  regions,  and  gives  analysis  (pp. 
16-17). 
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S46  Kearney  (Thomas  H.)  and  Means  (Thomas  H.).  Agricultural  explorj- 
tious  In  Algeria. 

Bull.  Bureau  of  Plant  Industry,  U.  S.  Dept.  Agr.,  no.  80,  98  pp.,  4  pis. 

Refers  to  unsuccessful  attempts  to  find  artesian  water  in  the  High  Ha- 
teau  region  (p.  16).  Mentions  large  subterranean  streams  in  the  sands  of 
the  Sahara  region  and  their  utilisation  in  the  creation  of  oases  (pp.  18,  36i. 
Describes  the  original  method  of  sinking  wells  in  the  Oved  Rirh  region  &f 
the  Sahara  by  means  of  wooden  casing,  and  danger  to  diggers  owing  t-< 
sudden  rise  of  water  (pp.  36-37).  Gives  history  of  artesian  boring  in  tt-^ 
Oved  Rlrh  region  and  great  value  of  the  flowing  wells  (p.  37).  (jIvw 
composition  of  the  water  (pp.  37-38)  and  states  injury  to  soli  by  dept«l 
tlon  of  soluble  salts  In  It. 

347  Keith  (Arthur).  Description  of  the  Mount  Mitchell  quadrangle  [North 
CarolIna-TenneRsee] . 

Geologic  Atlas  U.  S.,  folio  124,  U.  S.  Geol.  Survey,  9  pp.,  4  maps.  1  co!. 
sect,  sheet. 

Mentions  deposition  of  pegmatite  firom  mineralized  waters  (p.  3).  decom- 
position of  rock  by  waters  cfrculatlng  along  schistose  planes  (p.  3).  and 
alteration  of  dunlte  to  serpentine  by  Infiltrating  waters  (p.  4).  Refers  to 
the  abundance  of  springs  (p.  9). 

348 Economic   geology   of  the   Bingham   mining  district,    Utah.     Part  1, 

A  real  geology. 

Prof.  Paper  U.  S.  Geol.  Survey  no.  38,  pp.  27-70. 

Describes  alteration  of  limestone  through  action  of  underground  watt»r^ 
circulating  along  fissures  (pp.  66-69). 

349  Keith  (N.  S.).     New  methods  in  the  metallurgical  treatment  of  copper  ores. 

Jour.  Franklin  Institute,  vol.  160,  pp.  147-155. 

Notes  the  existence  of  cupriferous  sandstones  in  New  Brunswick,  Con- 
necticut, New  York,  New  Jersey,  and  Pennsylvania,  the  quartz  grains  of 
which  are  cemented  together  by  silica  from  thermal  waters  carrying  siltca 
in  solution.  The  silica  in  solution  is  suggested  as  due  to  the  solTent  actios 
of  the  thermal  waters  on  the  sand  Itself  while  lying  on  a  horizontal  p1«bf 

350  Kellerman  (Karl  F.),  Moore  (George  T.)  and.     Ck>pper  as  an  algicide  and 

disinfectant  in  water  supplies. 

Bull.  Bureau  of  Plant  Industry,  U.  S.  Dept.  Agr.,  no.  76,  55  pp. 
See  Moore  (George  T.)  and  Kellerman  (Karl  P.). 

351  Kemp    (James  Furman).     The  copper  deposits  at  San  Jose,  Tamaullpas- 

Mexico. 

Bimonthly  Bull.,  Am.  Inst.  MIn.  Eng.,  no.  4,  pp.  885-910.  3  fiss. 

In  discussing  the  genesis  of  these  deposits  the  writer  considers  the  par: 
played  In  their  formation  by  underground  waters. 

352  Secondary  enrichment  in  ore  deposits  of  copper. 

Econ.  Geol.,  vol.  1,  pp.  11-33. 

Contains  a  number  of  references  to  the  part  played  by  asc«nding  m^ig- 
matic  waters  and  by  descending  meteoric  waters  In  the  deposition  or 
enrichment  of  copper  ores. 

353  Kerr  (Mark  B.).     Formation  of  ore  bodies  on  intersections. 

MIn.  and  Scl.  Press,  vol.  90,  pp.  253-254,  4  figs.,  and  vol.  90,  p.  241. 
Describes  the   agency   of   underground   waters   In    the   formation   of  tte 
deposits. 

354  Keyes  (Charle-s  Rollln).     Geology  and  underground-water  conditions  of  the 

Joranda  del  Muerto,  New  Mexico. 

Water-Sup.  and  Irr.  Paper  no.  123,  U.  S.  Geol.  Survey,  42  pp. 

Describes  geologic  conditions  In  detail  and  discusses  the  occurrence  <^ 
underground  waters,  which  are  obtained  from  the  base  of  the  Red  Beds. 
from  the  Cretaceous  sandstones,  and  from  the  surface  gravels.  Analyses 
of  the  water  are  given  (p.  36),  the  wells  described  (p.  37),  the  artesian 
prospects  discussed  (p.  38),  and  the  possibility  of  irrigation  from  well 
waters  considered  (p.  39). 
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355  Kindle  (Edward  M.).     Salt  and  otber  resources  of  the  Watkins  Glen  dis- 

trict. New  York. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  567-572. 
Gives  two  well  records  (pp.  568-560). 

356  Water  resources  of  the  Catatonk  area,  New  York. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  53-57. 

Discusses  the  underground-water  conditions  in  the  drift  and  Devonian 
shales,  and  describes  the  artesian  wells  at  Ithaca  and  Slatervllle  and  the 
sulphur  and  other  mineral  springs  at  a  considerable  number  of  localities. 
The  water  Is  supposed  to  come  from  the  Genesee  formation,  the  sulphur 
probably  coming  from  decomposing  pyrlte. 

357  King  (Charles  R.).    The  Simplon  tunnel. 

Eng.  and  Min.  Jour.,  vol.  79,  p.  856. 

Contains  descriptions  of  the  underground  waters  encountered  In  the  con- 
struction of  the  tunnel  between  Switzerland  and  Italy. 

358  The  completion  of  the  Simplon  tunnel.     [Between  Switzerland  and 

Italy.] 

Scl.  Am.,  vol.  02,  p.  226,  8  figs. 

This  article  is  devoted  almost  entirely  to  a  description  of  the  springs 
encountered.     Photographs  of  several  are  given. 

359  The  completion  of  the  Simplon  tunnel. 

Scl.  Am.  Supp.,  vol.  59,  pp.  24430-24432,  16  figs;  also  on  pp.  24452- 
24455,  9  figs. 

A  very  complete  description  of  the  hot  springs  encountered,  their  tem- 
perature, volume,  pressure,  location,  etc.,  forms  the  greater  part  of  these 
articles. 

360  King  (F.  H.).     Some  results  of  investigations  In  soil  management 

Yearbook  U.  S.  Dept.  Agr.,  1903,  pp.  159-174. 

Discusses  porosity  and  capillarity  of  soils,  effect  of  plowing,  loss  of 
water  by  evaporation,  etc. 

3G1  KingBville  Spokesman.     Artesian  helt  [Texas]. 
Irrigation  Aid,  vol.  3,  no.  1.  p.  18. 
Describes  the  underground-water  conditions  of  southwestern  Texas. 

362  Kinney  (Bryce  A.).     Annual  report  of  the  State  natural-gas  supervisor. 

Twenty-ninth  Ann.  Rept.  Indiana  Dept.  Geol.  and  Nat.  Res.,  pp.  757-770. 
Gives  several  brief  records  of  gas  wells  (pp.  764-766). 

363  Knapp  (George  N.).     New  Jersey. 

Water-Sup.  and  Irr,  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  93-103,  1  pi. 

Describes  underground-water  conditions  in  the  Appalachian  province,  crys- 
talline highlands  province.  Piedmont  province,  and  Coastal  Plain  province. 
Gives  geologic  sections  of  water-bearing  strata  (pi.  VI).  Summarizes  well 
statistics  in  the  Coastal  Plain  (pp.  98-101)  ;  summarizes  water  resources, 
distribution  of  wells,  and  enumerates  mineral  springs  (p.  102),  and  lists 
the  principal  publications  (p.  103). 

364  Knapp  (I.  N.).    Drilling  wells  in  soft  and  unconsolidated  formations. 

Stevens  Institute  Indicator,  January,  1905,  20  pp.,  11  figs. 

Notes  the  existence  In  southern  California  of  vast  porous  reservoirs  of 
sand,  gravel,  etc.,  holding  immense  quantities  of  underground  water.  In 
the  development  of  these  immense  supplies  the  "  stovepipe "  method 
described  In  this  paper  was  developed. 

3(J5  Knight  (Nicholas).     Notes  on  the  softening  of  Iowa  well  waters. 

Chemical  Engineer,  vol.  2,  pp.  89-95,  1  fig. 

Describes  Investigations  cf  the  softening  of  hard  water  from  a  well  In 
the  Niagara  magneslan  limestone  at  Mount  Vernon,  Iowa.  Several  analyses 
are  given. 
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366  Xraus  (Bdward  H.).    On  the  origin  of  the  caves  of  the  Island  of  Pot-in- 
Bay,  Lalse  Erie. 

Am.  Geologist,  vol.  35,  pp.  167-171. 

Notes  part  played  by  solution  of  gypsum  In  the  formation  of  the  cayes 
(pp.  170-171). 

367 Occurrence  and  distribution  of  celestlte-bearing  roclts. 

Am.  Jour.  Scl.,  4th  ser.,  vol.  10,  pp.  286-293,  5  figs. 

Gives  a  description  of  the  **  Crystal."  or  *'  Strontium  **  cave  on  tbf 
island  of  Put-In-Bay,  Lake  Erie.  Notes  the  porous  nature  of  the  celestiie- 
bearing  rocks  of  New  York  and  Michigan,  and  discusses  the  agrac7 
of  percolating  saline  waters  In  the  solution  of  the  celestlte.  Lan^, 
well-developed  crystals  of  celestlte  occur  in  cracks  and  cavities  due  lo 
deposition  from  celestlte-bearing  solutions. 

368  KUmmel  (Henry  B.).     A  report  upon  some  molding  sands  of  New  Jersey. 
Ann.  Kept.  New  Jersey  Geol.  Survey  for  1904,  pp.  187-246,  1  fig. 
.    Discusses  factors  determining  porosity  and  permeability   of  sands    ipp. 
199-204). 

369 Additional  well  records. 

Ann.  Rept.  New  Jersey  Geol.  Survey  for  1904,  pp.  263-271. 
Gives  descriptions,  records,  class,  and  yield  of  about  30  wells. 


370  Ladd  (E.  F.).     Water  for  domestic  purposes  in  North  Daisota. 

Bull.  North  Dakota  Govt.  Agr.  Exp.  Sta.  no.  66,  pp.  557-571. 
Mentions  requirements  of  safe  well  water  as  regards  composition,  and 
gives  many  analyses  from  various  kinds  of  wells. 

371  La  Forge  (Laurence).     Water  resources  of  central  and  southwestern  higth 

lands  of  New  Jersey. 

Water-Sup.  and  Irr.  Paper  no  110,  V.  S.  Geol.  Survey,  pp.  141-155. 

Describes  the  Schooley  Mountain  mineral  spring  and  gives  analysis  ip. 
148).  Enumerates  towns  having  springs  and  wells  as  public  supply  and 
mentions  good  quality  of  the  water  (p.  151). 

372  Laird  (Ge»rge  A.).     The  gold  mines  of  the  San  Pedro  district,  Cerro  de  San 

Pedro,  State  of  San  Luis  Potosl,  Mexico. 

Bimonthly  Bull.  Am.  Inst.  MIn.  Eng.,  no.  1,  January,  1905.  pp.  69-89,  5 
tables,  1  map. 

Concludes  that  the  deposits  were  originally  formed  and  the  upper  por- 
tions subsequently  enriched  by  the  action  of  underground  water. 

373  Lakes  (Arthur).     Organic  remains  in  ore  deposits. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  1226-1227. 

Discusses  the  agency  of  mineral-bearing  solutions  In  the  preservation  of 
organic  remains  and  the  Influence  of  organic  remains  in  the  precipitation: 
of  minerals  from  solutions. 

374  Igneous  rocks  in  ore  deposition. 

Eng.  and  Min.  Jour.,  vol.  80,  p.  196. 

Contains  a  discussion  of  the  agency  of  Igneous  rocks  In  the  formation  of 
openings  along  which  ore-bearing  solutions  could  pass. 

375  Oil-impregnated  volcanic  dikes  in  Colorado. 

Mines  and  Minerals,  vol.  25,  p.  394,  3  figs. 

Notes  the  occurrence  of  springs  of  water  Issuing  at  the  sides  of  tbe  dlkvK. 

376  Sketch  of  the  economic  resources  of  the  foothills  of  the  Front  Range  of 

Colorado. 

Mln.  Reporter,  vol.  51,  pp.  522-624,  1  fig. 

Contains  a  brief  statement  of  tbe  artesian- water  resources  of  tbe  area. 
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377  Lakes  (Arthur).    Tbe  hot  and  mineral  springs  of  Rontt  County  and  Middle 

Park,  Colorado. 

Min.  Reporter,  vol.  62,  pp.  438-439,  2  figs. 

Tbe  springs  issue  from  between  the  Dakota  sandstone  and  Colorado 
shales.     Descriptions  are  given  for  several  groups  of  springs. 

378  Lamb  (Richard).    Discussion  of  paper  entitled  "The  reclamation  of  river 

deltas  and  salt  marshes." 

Proc.  Am.  Soc.  Civil  Eng.,  vol.  31,  pp.  204-207. 

Quotes  Lyell  as  to  existence  of  vast  springs  In  the  Dismal  Swamp,  and 
describes  the  drainage  of  the  swamp  by  digging  wells  through  clays  form- 
ing the  bed  of  the  swamp  into  the  qulcfeands  beneath. 

379  Landes  (Henry).    Preliminary  report  on  tbe  underground  waters  of  Wash- 

ington. 

Water-Sup.  and  Irr.  Paper  no.  Ill,  U.  S.  Geol.  Survey,  85  t>p.  1  map. 

Describes  the  wells,  springs,  and  geologic  occurrence  of  the  waters  by 
counties,  the  use  of  spring  and  well  water  for  municipal  and  private  sup- 
ply, health  resorts,  and  irrigation.     Gives  a  number  of  analyses,  and  dls 
cusses  the  compositions.    Gives  16  pages  of  tables  relative  to  representative 
wells,  springs,  and  municipal  supplies. 

380  Lane  (Alfred  C).    Transmission  of  heat  into  the  earth. 

Ann.  Rept.  Michigan  Geol.  Survey  for  1903,  pp.  106-237,  6  figs. 
Mentions   method   of  deriving  depth   of  well   from   temperature  of  its 
water  (p.  195). 

381  Deep  borings  for  oil  and  gas. 

Ann.  Rept.  Michigan  Geol.  Survey  for  1903,  pp.  273-294,  1  flg. 
Gives  a  number  of  records,  discusses  the  divining-rod  delusion  as  applied 
to  water  (pp.  276-279),  and  mentions  occurrences  of  salt  water. 

382 Sixth  annual  report  of  the  State  geologist  to  the  board  of  the  Geologi- 
cal Sur\-ey  for  the  year  1904. 

Ann.  Rept.  Michigan  Geol.  Survey  for  1904,  pp.  113-168,  1  pi. 

Describes  the  occurrence  of  salt  water  In  an  oil  well  near  Allegan,  Mich, 
(pp.  164-165). 

383  Lapham  (Macy  H.).     Soil  survey  of  the  San  Jose  area,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp. 
118.V1217,  1  flg.,  1  map. 

Defines  artesian  water,  water  table,  etc. ;  describes  irrigation  by  flowing 
and  nonflowing  artesian  wells ;  mentions  artesian  strata ;  describes  pump- 
ing plants,  relation  of  capillarity  to  rock  texture,  and  relation  of  seepage 
to  height  of  water  table  and  occurrence  of  alkali  (pp.  1204-1211). 

384 and  Jensen  (Charles  A.).  Soil  survey  of  the  Bakersfield  area,  Cali- 
fornia. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  1089- 
1114,  3  maps,  1  flg. 

Describes  occurrences  of  underground  and  seepage  waters,  and  relation 
to  alkali  in  the  soil  (pp.  1107-110S).  Discusses  briefly  the  distribution  of 
artesian  wells,  pumping  plants,  and  use  of  the  water  for  domestic  purposeb 
(pp.  1106-1107). 

385  and  Neill  (N.  P.).     Soli  survey  of  the  Solomonsvllle  area,  Arizona. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp.  1045- 
1070,  1  flg.,  1  map. 

Mentions  average  depth  of  wells  and  of  water  table;  describes  injurious 
effects  of  alkali  in  waters,  inferiority  of  deep- well  water,  gives  analysis, 
And  injurious  effect  of  seepage  (pp.  1062-1064), 
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386  Lapham  (Macy  H.),  Boot  (Aldert  S.),  and  Kackie  (W.  W.).     Soil  somr 

of  the  Bacraiuetito  area,  California. 

Field  Operations  of  the  Bureau  of  Bolls,  1004,  U.  8.  Dept.  Agr.,  pp.  104^ 
1087,  1  map,  1  fig. 

Describes  irrlgatloti  from  pumped  wells  in  portions  of  the  area  (p.  1081). 

387  Lee  (Willis  Thomas).    Underground  waters  of  Salt  River  Valley*  ArixooiL 

Water-Sup.  and  Irr.  Paper  no.  136,  U.  S.  Geol.  Survey,  196  pp. 

This  paper  starts  with  descriptions  of  deep  and  seepage  wells,  incltid- 
ing  volume,  cost.  Interference,  materials  penetrated,  pumping  tests,  use  for 
irrigation,  and  analyses  of  the  waters,  and  gives  tables  showing  iocatloii, 
character,  depth,  diameter,  head,  volume,  permanency,  etc.,  of  wells. 
These  are  followed  by  chapters  on  geology  and  physiography,  after  whkb 
the  economics  of  the  supplies  are  considered.  The  character  of  the  water 
table  Is  shown  by  a  contour  map.  The  fluctuations  of  the  latter  and  tbt- 
underflow  of  Salt  River  and  the  valley  in  general  are  discussed  in  detail 
Much  of  the  water  is  in  bowlder  beds  representing  buried  stream  channels. 
Other  features  discussed  are  the  chemistry  of  the  waters,  the  occurrence, 
origin,  and  effect  of  salt  on  vegetation,  the  measurement  of  underflow  bj 
the  Slichter  underflow  meter,  the  available  water,  and  the  cost  of  pumping. 
The  discussion  of  the  origin  of  caliche,  a  calcareous  crust  formed  in  the 
sediments  some  distance  tielow  the  surface,  is  of  much  Interest. 

388  LeffmanxL  (Henry).     The  microscopic  structure  of  building  stones. 

Troc.  Eng.  Club  of  Philadelphia,  vol.  22,  pp.  327-346,  12  figs. 

I)escrlt)e8  the  cementation  of  sediments  by    Inflltratlng  solutions  (p.  337). 

389  Leighton    (Marshal    Ora).     Sanitary    regulations    governing   construction 

camps. 

Water-Sup.  and  Irr.  Paper  no  146,  U.  S.  Geol.  Survey,  pp.  90-93. 
Points  out  precautions  to  be  taken  in  use  of  wells  (p.  93). 

390 Field  assay  of  water. 

Water-Sup.  and  Irr.  Paper  no.  151,  U.  S.  Geol.  Survey,  77  pp. 
Describes  a  field  outfit  for  the  rapid  analysis  of  surface  and  underground 
waters  In  the  field. 

391  Leith  (Charles  Kenneth).  A  summary  of  Lake  Sui)erior  geology  with 
special  reference  to  recent  studies  of  the  iron-bearing  series. 

Bimonthly  Bull.  Am.  Inst  Mln.  Eng.,  no.  3,  1905,  pp.  453-507.  1  map,  2 
tables,  4  figs. 

Contains  a  discussion  of  the  agency  of  underground  waters  in  the  forma- 
tion of  iron-ore  deposits. 

392 Genesis  of  Lalie  Sui)erior  iron  ores. 

Econ.  Geol.,  vol.  I,  pp.  47-66. 

This  paper  presents  an  Important  summary  of  the  occurrence  of  water  hi 
fractured  and  brecciated  rocks.  The  topics  discussed  include  the  con- 
vergence of  waters  through  Joints,  fractures,  brecciated  zones,  beddinjr 
planes,  and  structural  troughs  (pp.  55,  61).  The  irregular  nature  of  iht 
trunk  channels  of  the  underground  waters  (p.  66),  the  relation  of  circula- 
tion to  impervious  lieds,  and  the  resulting  ponding  and  flow  (p.  57>,  the 
lower  limit  of  waters  affecting  ore  deposition  (p.  59),  the  relation  of  ore 
concentration  to  circulation  of  waters  (p.  59),  and  the  nature  of  mine 
waters  (p.  62)   are  also  considered. 

393  Leopold  (F.  B.).  Filtration  of  water  in  its  relation  tp  the  health  and 
prosperity  of  a  municipality. 

Proc.  Am.  Waterworks  Assoc,  pp.  276-296,  4  flgs. 

DescrI1)es  epidemic  caused  by  use  of  polluted  well  waters  at  Ittece  and 
Elmlra.  N.  Y.  A  short  description  of  the  well-supply  system  of  Cshmboi 
Ohio,  Is  quoted  from  the  Engineering  News  of  February  11,  IMM.  Notes 
epidemic  at  Mount  Savajje.  Va..  caused  by  polluted  spring  waters^  SR  Ut 
stance  of  the  pollution  of  well  waters  In  cities  is  also  glven^ 
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3M  Leverett  (Frank).    Illinois. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  248-257, 
2  pis..  I  tig. 

Describes  the  various  water-bearing  formations  and  their  relations  to 
artesian  and  other  wells,  and  discusses  their  quality  and  use.  Lists  the 
Important  mineral  springs  and  principal  publications  regarding  under- 
ground waters  of  the  State. 

305 Indiana. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  258-264,  2  pis. 

Describes  the  principal  water-bearing  formations  and  discusses  favorable 
localities  for  wells,  giving  map.  Describes  general  distribution  of  spring 
water  and  gives  list  of  principal  commercial  springs.  Lists  the  principal 
publications  pertaining  to  underground  waters  of  the  State. 

306  Ohio. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  266-270. 

Describes  the  various  water-t)earing  formations  and  discusses  localities 
favorable  for  artesian  wells.  Lists  the  principal  mineral  springs  and  the 
publications  relating  to  underground  waters  of  the  State. 

30ea  Levy  (E.  C),  Whipple  (George  C.)  and.    The  Kennebec  Valley  typhoid- 
fever  epidemic  of  1902-1903.     [Maine.] 

Jour.  New  England  Waterworlcs  Assoc.,  vol.  19,  pp.  163-214,  7  figs. 
See  Whipple  (George  C.)  and  Levy  (E.  C). 

307  Lewis   (Joseph  Volney),  Pratt   (Joseph  Hyde)   and.    Corundum  and  the 

peridotites  of  western  North  Carolina. 

North  Car«ikui  Geol.  Survey,  vol.  1,  464  pp.,  45  pis.,  35  figs. 
See  Prait  (Joseph  Hyde)  and  Lewis  (Joseph  Volney). 

398  Lewis  (L.  L.)  and  Nicholson   (J.  F.).     A  study  of  a  few  representative 

sources  of  drinking  water. 

Bull.  Oklahoma  Agr.  Exp.  Sta.  no.  66,  pp.  12^19. 

A  brief  bacteriological  study  of  water  from  14  wells  at  Stillwater,  Okla., 
giving  source  of  water  and  number  of  bacteria.  Mentions  dangers  of  con- 
tamination. 

399  Lindgren  (Waldemar).    The  occurrence  of  stibnite  at  Steamboat  Springs, 

Nevada. 

Bimonthly  Bull.  Am.  Inst.  Min.  Eng.  no.  2,  1905,  pp.  275-278. 

Describes  these  hot  springs ;  gives  analyses  of  the  water  and  sinter 
deposited  from  one  of  the  springs ;  describes  the  sinking  of  a  shaft  on  the 
sinter  flats  a  few  hundred  feet  away  and  the  encountering  of  hot  water  in 
a  gravel  bed  and  the  discovery  of  stibnite  crystals  In  the  gravel. 

400 Ore  deposition  and  deep  mining. 

Bcon.  Geol.,  vol.  1,  pp.  34-^6. 

Discusses  the  part  played  by  water  In  ore  deposition  (p.  43),  the  enrlch- 
m0nt  of  ores  by  descending  waters  (pp.  35,  37),  and  considers  the  condi- 
tions of  precipitation  (pp.  40,  44). 

401 Chemistry  of  copper  deposits. 

Eng.  and  Min.  Jour.,  vol.  79,  p.  189. 

This  article  is  a  letter  to  the  editor  in  reply  to  a  criticism  by  a  corre- 
spondent of  Mr.  Llndgren's  views  on  the  chemistry  of  copper  and  sulphu** 
as  expressed  in  an  article  on  the  Clifton  deposits  in  Arizona,  which  had 
previously  appeared  in  the  Journal.  The  agency  of  underground  waters 
in  the  formation  of  the  copper  deposits  nt  Clifton  Is  discussed. 

402  — '—  Characteristics  of  gold-quartz  veins  in  Victoria  [Australia}. 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  458-460,  1  fig. 

Discusses  the  agency  of  mineralized  waters  In  the  formation  of  these 
veins. 

.  IBB  163—06 4 
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403  Lindgren  (Waldemar).     Description  of  tlie  Clifton  quadrangle  [Arizona J. 

Geologic  Atlas  U.  S.,  folio  129.  U.  S.  Geol.  Survey,  13  pp.,  4  maps,  3  fiss- 
1  col.  sect. 

Refers  to  the  great  volume  of  water  mingled  with  Tertiary  volcaaie 
eruptions  (p.  8).  Mentions  alteration  of  ore  deposits  in  limestone  bj  oxi 
dlzing  waters  (pp.  12,  13).  Describes  formation  of  qilartz  veins  by  aqueocs 
solutions,  and  reviews  theories  (p.  13).  Notes  scarcity  and  irreat  depth  of 
ground  water  (p.  12).  Describes  the  distribution  of  springs,  fndudiiu; 
thermal  and  mineral  springs,  and  gives  analysis  (p.  13). 

404 and  Bansome  (F.  L.).     Tlie  geological  resurvey  of  the  Cripple  Creek 

district,  Colorado. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  85-98. 

Describes  occurrence  of  water  In  fractured  area  surrounded  by  Imper- 
vious rocks,  the  fractures  holding  the  water  as  In  a  reservoir  (pp,  96-9Ti. 
Also  notes  the  depth  of  oxidization  (p.  94)  and  the  occurrence  of  carbriD 
dioxide,  nitrogen,  and  oxygen,  which  are  considered  as  exhalations  from  as 
Igneous  mass  below. 

405 The  copper  deposits  of  the  Clifton-Morencl  district,  Arizona. 

Prof.  Paper  U.  S.  Geol.  Survey  no.  43,  375  pp.,  25  pis.,  19  figs. 

Describes  the  ground-water  conditions  in  mines,  noting  the  general  nty- 
sence  of  water  (pp.  22,  212,  226,  232,  318,  333)  and  the  occurrence  of 
springs  (p.  317).  The  part  of  water  In  ore  deposition  and  metasomatic 
processes,  including  both  common  hydrometamorphism  by  circulating  mete- 
oric waters,  hydrothermal  metamorphlsm,  and  oxidation,  are  considered  In 
great  detail,  and  the  chemical  reactions  discussed  (pp.  123-194,  331  et 
seq.).  The  work  of  magmatlc  waters  (p.  219)  and  the  alteration  by  oxidiz- 
ing waters  are  also  treated  at  length  (pp.  20-24,  197,  213,  333). 

406  Mining  the  Australian  deep  leads. 

Mln.  Magazine,  vol.  11,  pp.  139-143,  4  figs. 

Describes  the  occurrence  of  water  In  the  burled  gravels ;  notes  that  lon?- 
contlnued  pumping  causes  a  funnel-shaped  depression  In  the  ground-water 
table. 

407  Lines  (Edwin  F.).     Weil  records. 

Bull.  U.  S.  Geol.  Survey  no.  264,  pp.  41-106. 

Gives  summary  records  of  over  350  oil,  gas,  and  water  wells,  and  de- 
tailed logs  for  a  considerable  number. 

408  Lippincott  (J.  B.).     Water  problems  of  Santa  Barbara,  Cal. 

Water-Sup.  and  Irr.  I'aper  no.  116,  U.  S.  Geol.  Survey,  99  pp. 

Notes  discharge,  etc.,  of  deep  city  wells  (pp.  11,  33)  and  describes  col- 
lecting tunnel  over  5,000  feet  long,  in  which  flow  is  regulated  by  bulkheads 
(p.  33).  Figures  of  discharge  (p.  33)  and  an  analysis  of  the  tunnel  water 
(p.  37)  are  given.  To  secure  further  supply  it  Is  Intended  to  continue 
tunnel  through  the  mountain  to  a  stream  on  the  other  side. 

409  Little  (Etta).     Sanitary  analysis  of  the  water  of  Fulbright  Spring. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  College,  vol.  1,  pt.  2.  pp.  50-52. 

Gives  a  new  analysis  of  the  water  of  one  of  the  springs  furnishing  tb« 
public  supply  at  Sprlngtleld,  Mo.,  and  a  number  of  old^r  ones  of  the  supplier 
of  other  Missouri  cities. 

410  Livingston  (Burton  Edward).     The  relation  of  soils  to  natural  vepetatk>D 

in  Roscommon  and  Crawford  counties,  Mich. 

Ann.  Rept.  Michigan  (leol.  Survey  for  1903,  pp.  9-32,  1  pi. 

Discusses  relation  of  ground-water  level  to  type  of  vegetation  (pp.  23-24 \. 

411  Logan  (W.  N.)   and  Perkins  (W.  R.).     The  underground  waters  of  Mij»- 

sissii)pi. 

Bull.  Mississippi  Agr.  Exp.  Sta.  no.  89,  112  pp.,  23  figs. 

Designates  various  water-benrlng  horizons  (p.  10),  classifies  nndencround 
waters  by  locality  and  composition  (pp.  10-12),  enumerates  factors  affect- 
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Ing  purity  (pp.  12-13),  describes  artesian  water  in  general  (p.  6),  and 
discusses  Mississippi  artesian-  and  deep-well  waters  in  detail  by  counties 
and  towns  (pp.  14-112),  giving  geological  relations,  well  sections,  and 
analyses ;  states  whether  flowing  or  nonflowing,  potability,  etc. 

412  Lovel&nd  (G.  A.)<     Increased  flow  of  spring  water  in  tbe  autumn. 

Monthly  Weather  Review,  vol.  32,  pp.  176-177. 

Attributes  increased  flow  in  Nebraslca  in  October  and  November  to  tbe 
slow  percolation  of  the  water  from  the  heavy  rainfall  of  May,  June,  and 
July,  combined  with  the  decreased  evaporation  due  to  lower  temperature 
and  the  smaller  demands  of  vegetation. 

413  Lyman  (Kate).     Chemical  analysis  of  the  water  of  Fulbright  Spring. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  49-50. 
An  analysis  of  one  of  the  springs  furnishing  the  public  supply  at  Spring- 
field, Mo. 

414  Park    (Emma-  J.)    and.    The   Springfield   water  supply:    Description 

of  springs  and  the  geology  of  the  district. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  45-49. 
See  Park  (Emma  J.)  and  Lyman  (Kate). 

415  Park   (Emma  J.)    and.     The  Hannibal  formation  in  Greene  County 

[Missouri]. 
Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  79-«0. 
See  Park  (Emma  J.)  and  Lyman  (Kate). 

416  Lyman  (W.  S.),  Caine  (Thomas  A.)  and.     Soil  survey  of  ttie  San  Antonio 

area,  Texas. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  447- 
473,  1  map,  1  fig. 

See  Caine  (Thomas  A.)  and  Lyman  (W.  S.). 


417  Macbride   (Thomas  H.).     Geology  of  Emmet,  Palo  Alto,  and  Pocahontas 

counties  [Iowa]. 

Ann.  Rept.  Iowa  Geol.  Survey,  1904,  vol.  15,  pp.  229-259,  1  pi.  3  figs.,  3 
maps. 

Gives  well  records  (pp.  252,  254)  and  mentions  shallow  and  deep  wells 
and  springs  as  sources  of  country  and  city  supply  (p.  259). 

417a  HcCalley   (Henry),  Smith   (Eugene  Allen)   and.     Index  to  the  mineral 
resources  of  Alabama. 

Alabama  Geol.  Survey,  1904,  79  pp.,  map  and  0  pis. 
See  Smith  (Eugene  Allen)  and  McCalley  (Henry). 

418  Mackie   (W.  W.),  Jensen   (Charles  A.),  and.     Soil  survey  of  the  Baker 

City  area,  Oregon. 

Field  Operations  of  the  Bureau  of  Soils,  190.3,  U.  S.  Dept.  Agr.,  pp.  1151- 
1170,  1  fig.,  4  maps. 

See  Jensen  (Charles  A.)  and  Mackie  (W.  W.). 

419  Boot    (Aldert    S.),    Lapham    (Macy    H.)    and.     Soil    survey   of    the 

Sacramento  area,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  1019- 
1087,  1  map,  1  fig. 

See  Lapham  (Macy  H.),  Root  (Aldert  S.),  and  Mackie  (W.  W.). 

420  Magriilre   (Don).     Oil  and  asphaltum  on  the  shores  of  Great  Salt  Lake, 

Utah. 

Min.  and  Sci.  Press,  vol.  90,  p.  302,  2  figs. 

Describes  the  saline  and  oil  springs  and  notes  the  encountering  of  Kalt 
water  carrying  much  sulphuric  acid  in  a  2,700-foot  boring. 
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421  Mang^um   (A.  W.)   and  Drake   (J.  A.).     Soil  survey  of  tlie  RasseU  arrt, 

Kansas. 

Field  Operations  of  the  Bureau  of  Soils,  1003,  V.  S.  I>ept.  A^r.,  pp.  911- 
026,  1  fig.,  1  map. 

Mentions  the  occurrence  of  springs  along  the  outcrop  of  the  base  of  tb« 
Dakota  sandstone  (p.  014). 

422  Mark   (Edward  L.).    The  Bermuda  Islands  and  the  Bermuda   Biologi4-a; 

Station  for  Research. 

Pop.  Sci.  Monthly,  vol.  66,  pp.  303-411,  12  figs. 

Describes  the  caves,  sinks,  and  subterranean  passages  in  the  UmestoM 
of  the  island. 

423  Marriott  (Hugh  F.).     Electrical  devices  for  deep  borehole  surveying. 

Eng.  News,  vol.  54,  pp.  01-04. 

Describes  in  detail  the  instruments  and  methods  of  use  with  numerooi 
diagrams.     Editorial  review  on  p.  07. 

424  Martin  (George  C).    The  petroleum  fields  of  the  Pacific  coast  of  Ala^a. 

with  an  account  of  the  Bering  River  coal  dei)osits. 

Bull.  U.  S.  Geol.  Survey  no.  250,  64  pp.  7  pis.,  3  figs. 

Notes  the  occurrence  of  oil  and  gas  springs  and  seeps  (pp.  22.  27,  47.  55. 
5^),  gives  well  records  (pp.  23,  40,  55),  mentions  the  occurrence  of  wat» 
in  oil  wells  (pp.  24,  40,  55),  describes  blows  of  water  and  gas  (p.  49),  and 
the  association  of  water  with  faulting  (p.  55). 

425 Notes  on  the  petroleum  fields  of  Alaska. 

Bull.  U.  S.  Geol.  Survey  no.  250,  pp.  128-130. 

Gives  a  number  of  well  records  (pp.  131,  133),  notes  difficulties  due  to 
water  in  oil  wells  (pp.  132,  133,  136),  and  describes  water  and  oil  seepages 
(pp.  132,  135,  138,  130),  and  gas  and  water  blows  (p.  134). 

426 Water  resources  of  the  Accident  and  Grantsville  quadrangles,  Mary- 

land. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  168-170. 

Refers  to  the  abundance  of  good  springs,  especially  in  the  Greenbrier 
limestone,  and  notes  the  Deer  Park  spring  as  an  example.  States  tiie 
probabilities  of  obtaining  good  artesian  water  in  the  region. 

427 Water  resources  of  the  Frostburg  and  Flintstone  quadrangles,  Mary- 
land and  West  Virginia. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  171-173, 
Notes  the  abundance  of  good  springs  in  the  Greenbrier  and  Helderburs 
limestones  and  their  use  for  town  supplies.     Notes  one  artesian  well  ob> 
taining  water  in  Carboniferous  sandstones,  and  states  the  probability  cf 
getting  water  in  the  Oriskany  and  Tuscarora  sandstones. 

428 Stose  (George  W.)   and.     Water  resources  of  the  Pawpaw  and  Han- 
cock quadrangles,  West  Virginia,  Maryland,  and  Pennsylvania. 
Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  58-63. 
See  Stose  (George  W.)  and  Martin  (George  C). 

429  Martin    (J.  O.)    and  Sweet    (A.  T.).     Soil  survey  of  the  Kearney  area, 

Nebraska. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  859- 
874,  1  pi.,  1  map,  1  fig. 

Describes  briefly  the  occurrence  of  underground  and  seepage  waters,  and 
their  relation  to  irrigation  (p.  870). 

430  Mason  (Russell  T.).    Peru. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  1091-1093,  1  flg. 

Mentions  the  existence  of  hot  springs  depositing  sinter  at  Uuancavellct. 
Peru. 
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431  Mason  (William  P.).    Sundry  notes  on  deep-seated  waters. 

Proc.  Am.  Waterworks  Assoc,  1905,  pp.  21»7-301,  8  figs. 

This  article  Is  an  abstract  of  a  paper  read  before  the  association  by 
W.  P.  Mason.  The  terms  ground  water  aarl  deep-seated  water  are  defined ; 
two  diagrams  given  show  the  conditions  governing  a  flowing  and  a  dry 
artesian  well ;  the  depletion  of  the  deep  water  in  the  ylcinlty  of  London, 
England,  due  to  excessive  use  Is  noted ;  the  pressure,  depth,  etc.,  of  the 
Woonsocket,  S.  Dak.,  artesian  well,  is  given ;  relation  between  the  Jack- 
sonville artesian  well  and  a  sea  spring  off  the  east  coast  of  Florida  is 
noted ;  the  spring-water  supply  of  Orleans,  France,  and  the  deep-well  sup- 
ply of  Copenhagen  are  mentioned ;  contamination  of  deep  water  is  touched 
upon  and  examples  noted ;  the  term  "  contributing  watershed "  Is  defined 
and  an  Ideal  section  given;  a  short  discussion  of  the  Sea  Mills  of  Cepha- 
lonia  concludes  the  article. 

432  The  water  supply  of  Amsterdam,  Holland. 

Eng.  News,  vol.  53,  pp.  437-438,  4  figs. 

Describes  the  supplies  obtained  from  the  "  sand  dunes.** 

433 Tbe  Sea  Mills  of  Cephalonla.  » 

Eng.  News,  vol.  54,  p.  352,  1  Illustration. 

Describes  the  mills  at  Cephalonla,  the  largest  of  the  Ionian  Islands; 
notes  tests  made  to  determine  the  course  of  the  water.  Suggests  that  the 
water  "  which  sinks  into  the  rocks  at  Cephalonla  comes  to  the  surface 
again  in  the  form  of  steam  at  Stromboll,  Vesuvius,'*  etc.  W.  O.  Cro8by*s 
explanation  of  the  phenomenon  is  given.     A  view  of  the  mill  is  given. 

434 Relation  of  intensity  of  typhoid  fever  to  character  of  water  carriage. 

Jour.  New  England  Waterworks  Assoc.,  vol.  19,  pp.  412-421. 

Describes  typhoid  epidemics  caused  by  using  polluted  well  water  at 
Waterville,  Me.,  and  Philadelphia,  Pa.  In  the  discussion  accompanying 
the  article  Dr.  G.  A.  Soper  described  the  epidemic  due  to  the  use  of  a 
polluted  well  water  at  Ithaca,  N.  Y. :  Messrs.  M.  N.  Baker  and  G.  W. 
Wright  described  epidemics  due  to  the  use  of  polluted  well  waters. 

435 Interpretation  of  a  water  examination. 

Science,  new  ser.,  vol.  21,  pp.  648-653. 

States  Instances  of  serious  pollution  in  wells  and  springs,  and  the  diffi- 
culties of  determining  such  pollution  by  analyses  (pp.  650-652). 

436  Maury    (Dabney   H.).    The  new   well   and   hydraulic  pumi)lng  plant  at 

Peoria,  111. 

Eng.  Rec,  vol.  51,  pp.  139-140,  3  figs. 

Complete  description  of  the  location,  sinking  of  the  well,  and  the  equip- 
ment of  the  plant  is  given. 

437  — —  New  well  and  hydraulic  pumping  plant  at  Peoria,  111. 

Twentieth  Ann.  Rept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  110-118,  4  figs. 

Gives  references  to  descriptions  of  the  old  wells.  Notes  exploration  of 
air  available  water-bearing  gravels  In  the  vicinity  by  test  wells;  gives  the 
location,  elevation  at,  method  of  sinking,  and  capacity  of  the  new  well ; 
discusses  tests  made  to  show  absence  of  river  infiltration ;  notes  fiow  of 
water  from  gravel  beds  to  river,  influence  of  stage  of  water  In  river  on  sup- 
ply in  gravel,  and  describes  the  Influence  of  pumping  on  the  underground 
supply. 

438 Burdick  (C.  B.),  and  Henderson  (C.  R.).     Report  of  the  committee 

on  waterworks. 

Twentieth  Ann.  Rept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  132-139. 
Notes  the  existence  of  153  waterwork  plants  in  Illinois  deriving  thei:* 
supplies  from  underground  sources  (p.  133)  ;  mentions  the  installation  of  ( 
plant  at  Freeport  for  the  purpose  of  removing  dissolved  iron  from  deep 
well  water  (p.  135).  In  the  discussion  of  this  paper  C.  A.  Prout  state 
that  Elgin  derives  its  water  from  4  wells,  one  of  which  is  2,000  and  the 
others  1,300  feet  deep  (p.  139). 
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439  JCcCallle  (S.  W.).    A  preliminary  report  on  the  coal  deposits  of  Georgim. 

Bull.  Georgia  Geol.  Sarvey  no.  12,  121  pp.,  14  pis.,  60  figs. 

Refers  to  chalybeate  springs  (pp.  48,  58),  and  mentions  aprinei  froe 
subterranean  caverns  near  Lookout  Mountain  (p.  18)  ;  mentions  flooded 
mines  (pp.  56,  68,  75,  81).  and  describes  the  interference  of  andalatloos  ia 
coal  seams  with  the  draining  of  mines  (pp.  SO,  36)  ;  mentions  bore  hole* 
(p.  41),  gives  records  (pp.  82,  figs.  48-53b),  discusses  them  (pp.  102,  104*. 
and  discusses  briefly  the  value  of  records  (pp.  102). 

440 Experiment  relating  to  problems  of  well  eontamftiiaUon  at  Quitman.  Ga. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Sarvey,  pp.  43-^54,  1  11^ 
Describes  an  attempt  to  dispose  of  a  city's  sewage  by  forcing  It  dovn  ft 
deep  well  into  a  cavernous  limestone.  To  test  the  question  of  pollution  a 
quantity  of  salt  was  put  into  a  well  and  samples  of  all  other  welU  ssd 
springs  In  the  vicinity  were  taken  and  analyzed.  The  results  showed  that 
the  salt  reached  the  other  wells. 

441  Georgia. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  153-158,  1  fie 

m  Describes  the  underground  water  conditions  in  the  Appalachian  Mountais 

area,  the  Piedmont  Plateau  area,  and  the  Coastal  Plain  area.     Lists  the 

principal  mlAeral  springs  and  the  important  publications  regarding  und€T 

ground  waters  of  the  State. 

442  McCarthy  (Gerald).     Report  of  Biologist. 

Tenth  Rept.  North  Carolina  Board  of  Health,  pp.  31^4. 
States  that  5  water  companies  In  the  State  obtain  their  supply  from  de«p 
wells,  and  urges  the  general  abandonment  of  shallow  wells  for  de«p  welK 

443  Meachem  (F.  G.).     Underground  temperatures. 

Bug.  and  Min.  Jour.,  vol.  70,  p.  368. 

Notes  the  Influence  of  hot  and  cold  springs  and  the  heat  produced  bv  tV 
alteration  of  rocks  by  percolating  water  on  underground  temperatures. 
Abstract  of  a  paper  read  before  South  Staffordshire  and  East  Worcest^- 
shire  Institution  of  Mining  Engineers. 

444  Mead  (Elwood).     Irrigation  in  northern  Italy,  Part  I. 

Bull.  Ofllce  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  144,  100  pp..  17  pis..  14  fig* 
Describes  use  and  superiority  of  springs  for  marclte  irrigation  in  l^tm- 

bardy   (pp.  0,  60,  64-66)  ;  and  describes  cause  and  effect  of  seepage  f^m 

canals  (pp.  48-53,  70). 

445 Water  rights  on  interstate  streams :  The  Platte  River  and  tributariesL 

Water  rights  within  the  States. 

Bull.  Ofllce  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  157,  pp.  9^116. 

Discusses  return  seepage  as  an  obstacle  in  justly  dividing  a  stream  be- 
tween appropriators  In  Colorado  and  Nebraska   (pp.  107-108). 

446 The  irrigation  investigations  in  California  of  the  Office  of  Experiment 

Stations. 

Forestry  and  Irrigation,  vol.  11,  pp.  367-369. 

Describes  the  use  of  underground  water  in  irrigation  In  this  section,  the 
underground-water  conditions,  the  lowering  of  the  water  table  due  partly 
to  a  succession  of  dry  seasons,  etc. 

447  Means  (Thomas  II.).     Alkali  soils. 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  S.  (reol.  Survey,  pp.  108-113. 
Describes  the  movements  of  alkali   In  ground   water  through  aoll    (pp. 
111-112). 

448 Kearney  (Thomas  H.)  and.     Agricultural  explorations  in  Algeria. 

Bull.  Bureau  of  Plant  Industry,  IT.  S.  Dept.  Agr.,  no.  80,  98  pp.,  4  pla. 
See  Kearney   (Thomas  H.)  and  Means  (Thomas  H.). 
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449  Hoeker  (F.  N.),  Smith  (William  G.)  and.     Soil  survey  of  Sumter  County, 

Alabama. 

Field  Operations  of  the  Bureau  of  Soils,  1JH)4,  V.  S.  Dept.  Agr.,  pp.  317- 
342,  1  map.  1  fig. 

See  Smith   (William  G.)  and  Meeker   (F.  N.). 

450  Kelluish  (J.  G.).     Drainage  in  western  Iowa. 

Twentieth  Ann.  Rept.  Illinois  Soc.  Eng.  and  Surv.,  pp.  57-65,  2  111. 

Describes  the  reclaiming  of  wet  lands  by  means  of  underground  drainage 
obtained  by  sinking  holes  through  the  swamp  bottom  into  a  pei*ylou8  bed 
(p.  61).  Gives  effective  diameter  of  soil  grains  and  rate  of  flow  through 
soil  in  several  counties  (pp.  64-65). 

451  Mendenhall  (Walter  C).     Studies  of  California  ground  waters. 

Forestry  and  Irrigation,  vol.  11,  pp.  382-384. 

A  discussion  of  the  underground- water  conditions  and  resources  of  south- 
ern California.     An  artesian  area  In  the  Colorado  Desert  is  described. 

452 Development  of  underground  waters  in  the  eastern  Coastal  Plain  re- 

gion of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  137,  U.  S.  Geol.  Survey,  140  pp. 

Describes  the  general  ground-water  conditions,  the  source  and  sufficiency 
of  supply,  and  the  interference  and  cost  of  wells.  Tables  are  given  show- 
ing the  owner,  location,  date  of  drilling,  type,  elevation  of  surface  and 
water,  depth,  solids  in  solution,  temperature,  metl^ods  of  lift,  cost,  and  use 
of  wells.  The  maps  show  distribution  of  wells,  original  and  present  areas 
of  flows,  depth  to  water,  and  location  of  pumping  plants. 

453 Development  of  underground  waters  in  the  central  Coastal  Plain  re- 

gion of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  138,  V.  S.  Geol.  Survey,  162  pp. 
Treats  same  topics  as  no.  452. 

454  Development  of  underground  waters'  In  the  western  Coastal  Plain  re- 
gion of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  130,  IT.  S.  Geol.  Survey,  105  pp. 
Treats  same  topics  as  no.  452. 

455 The  hydrology  of  San  Bernardino  Valley,  California. 

Water-Sup.  and  Irr.  Paper  no.  142,  U.  S.  Geol.  Survey,  124  pp. 

Discusses  the  development  of  irrigation,  rainfall,  effect  of  forests  on 
water  supplies,  nature  of  the  return  waters,  conditions  governing  the  ab- 
sorption of  streams,  and  the  composition  (with  analyses),  flow,  tempera- 
ture, and  decline  of  underground  waters.  The  basin,  which  is  about  8,000 
feet  deep.  Is  filled  with  alluvial  deposits  in  which  there  are  many  water 
horlssons.  Some  stratlgraphlc  records  and  tables,  giving  the  owner,  location, 
depth,  composition,  temperature,  cost,  use,  etc.,  of  wells,  are  included. 
Maps  showing  wells,  artesian  areas,  etc..  are  ateo  given. 

456 Underground  waters  of  southern  California. 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  8.  Geol.  Survey,  pp.  113-121. 

Describes  the  development  of  artesian  wells  for  use  In  irrigation  (pp. 
114—116),  origin  of  the  ground  water  and  its  mode  of  occurrence  (pp.  116- 
117),  distribution  and  character  of  the  supply  (pp.  117-118),  and  the  re- 
duction and  fluctuation  of  supply  and  their  causes  (pp.  120-121).  Desir- 
able precautions  In  use  of  water  are  also  pointed  out  (p.  120). 

457 The  underground  waters  of  southern  California. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress  at 
El  Paso,  Tex.,  November  15-18,  1904,  pp.  150-158. 

Describes  the  artesian  areas,  their  geologic  relations,  great  value,  shrink- 
age in  area,  problems,  etc. 


56  UNDERGBOUND-WATER  LITERATURE   IN 

458  Mesmer  (Louis).     Soil  survey  of  the  Los  Angeles  area,  California. 

Field  Operatlona  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept  Agr..  pp.  12<3- 
1306,  1  fig.,  2  maps. 

Describes  Irrigation  from  flowing  and  pumping  artesian  wells  (p.  1293 1. 

459  Merrill  (Frederick  J.  H.).     Bromine. 

Mineral  Resources  U.  8.  for  1904,  U.  S.  Geol.  Survey,  pp.  102&-1030. 
Notes  the  occurrence  of  bromine  In  the  brines  of  Michigan,  Ohio,  Penoijl 
▼ania,  and  New  York. 

460  Killer  (Thomas  D.).    Texas  oil  fields. 

Progressive  Age,  vol.  23,  pp.  398-403,  1  fig. 

Quotes  R.  T.  Hill  on  agency  of  hot  saline  waters  in  the  formation  of  thi? 
oil  and  gas  pools  of  Texas  and  Louisiana ;  describes  the  encountering  of  oil 
In  sinking  an  artesian  well  now  flowing  warm  water  at  Corslcana,  Tex. 

461  Mills  (W.  M.).     A  physiographic  and  ecological  study  of  the  Winona  Lak»» 

region. 

Twenty-eighth  Ann.  Rept.  Indiana  Dept.  Geol.  and  Nat.  Res^,  pp.  377- 
396,  Pis.  VII-VIII,  flgs.  1-4. 

Rich  vegetation  favored  by  springs  (p.  384).  Mentions  post-Glaclal  coo 
glomerate  possibly  cemented  by  spring  water  (p.  .395). 

462  Mines  and  Minerals.     A  3(X>-foot  air-lift  well  plant  at  the  Scranton  Cold 

Storage  House  [Penn.]. 
Mines  and  Minerals,  vol.  25,  p.  494. 
Describes  an  835-foot  well  at  this  place. 

463  Mining  and  Scientific  Press.    The  Bassick  mine,  Querida,  Colo. 

MIn.  and  Scl.  Press,  vol.  90,  pp.  4-5,  1  flg. 

Assigns  the  mineralization  of  the  ore  shoots  to  the  action  of  thermal 
mineral  springs  along  a  line  of  fracture. 

464  Unwatering  the  Comstock. 

MIn.  and  Scl.  Press,  vol.  90,  pp.  65,  73-74.  1  flg. 

Describes  the  fllling  of  the  lower  levels  by  rising  hot  water  and  the  work 
now  being  done  to  unwater  the  mines. 

465  The  Slmplon  tunnel. 

MIn.  and  Scl.  Press,  vol.  90.  p.  119. 

Mentions  the  encountering  of  large  volumes  of  hot  water  In  the  con- 
struction of  the  tunnel. 

466 Coolgardie,  Australia,  pumping  system. 

MIn.  and  Scl.  Press,  vol.  90,  pp.  120-122,  11  flgs. 

Contains  a  description  of  the  use  of  well  and  saline  mine  waters  for 
water  supply  during  the  early  days  of  this  gold  field. 

467  Artesian  water.^ 

MIn.  and  Sci.  Press,  vol.  90,  p.  168.  6  flgs. 

Discusses  geological  conditions  essential  to  the  securing  of  artesian  water, 
and  quotes  I.  0.  Russell  on  the  subject  of  legal  restrictions  on  the  waste  ot 
subsurface  waters. 

468  Water  supply  by  compressed  air. 

MIn.  and  Sci.  Press,  vol.  90.  pp.  168-169. 

Contains  a  description  of  the  location,  depth,  etc.,  of  the  wells  fumlshlns 
the  additional  water  supply  of  Los  Angeles,  Cal. 

469  The  Slmplon  tunnel  [between  Switzerland  and  Italy]. 

MIn.  and  Scl.  Press,  vol.  90,  pp.  18.5-186,  7  flgs. 

Contains  a  description  of  the  hot  and  cold  springs  encountered  In  drUlioe 
the  tunnel. 
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470  Mining  and  Scientific  Press.     [Springs.] 

Min.  and  Sci.  Press,  vol.  90,  p.  231. 
Discussion  of  the  origin  of  springs. 

471  [Gix)uiui-water  level  at  Goldfleld,  Nev.]. 

Min.  and  Sci.  Press,  vol.  00,  p.  318. 

Notes  the  lack  of  water  at  Coldfield  and  the  dependence  on  ground 
water,  the  level  of  which  is  found  at  65-20.'5  feet  below  the  surface. 

472  Value  of  geological  knowledge. 

Min.  and  Sci.  Press,  vol.  90,  pp.  370-371,  1  fig. 

Notes  the  varying  amounts  of  underground  water  encountered  in  the 
different  formations  In  sinking  a  shaft  at  the  Illinois  mine,  Wisconsin. 

473  Prospecting  for  desert  mines. 

Min.  and  Sci.  Press,  vol  90,  p.  371.  1  Qg. 

Describes  several  springs  in  San  Bernardino  County,  Cal. 

474 Discovery  and  development  of  the  Homestake  mines  of  South  Dakota. 

Min.  and  Sci.  i*ress.  vol.  90,  p.  404,  2  figs. 

Describes  the  use  In  the  Homestake  mines  of  a  stream  of  water  issuing 
from  a  tunnel  about  4  miles  north  or  the  works. 

475 [Active  mud  volcano.] 

Min.  and  Sci.  Press,  vol.  91,  p.  119. 

Notice  of  the  breaking  out  of  an  active  mud  volcano  early  In  August  in 
the  Black  Rock  Desert,  Humboldt  County,  Nev. 

476 At  what  depth  do  gold  mines  quit? 

Min.  and  Sci.  Press,  vol.  91,  p.  255. 

Discusses  the  agency  of  descending  mineral-bearing  solutions  in  the  sec- 
ondary enrichment  of  gold  veins. 

477  [Theories  of  ore  deposition.] 

Min.  and  Sci.  Press,  vol.  91,  p.  270. 

Brief  comparison  of  the  lateral  secretion  and  ascension  theories. 

478 The  drainage  of  Cripple  Creek  mines. 

Min.  and  Sci.  Press,  vol  91,  p.  291,  1  fig. 

Describes  heavy  inflow  of  water  into  the  shafts  and  the  present  and 
proposed  drainage  tunnels.  A  figure  Is  given  showing  the  relation  of  the 
various  shafts  and  tunnels  to  the  present  water  level. 

479 [Springs  in  the  desert  region  of  southwestern  United  States.] 

Min.  and  Sci.  Press,  vol.  91,  p.  293. 
Describes  several  springs  in  California. 

480 Divining  rod  as  a  water  finder. 

Min.  and  Sci.  Press,  vol.  91,  p.  314. 

Reprint  from  the  Engineering  News  relating  to  the  successful  use  of  a 
divining  rod  at  the  Imperial  Navy-Yard,  Kiel,  Germany. 

481 What  is  a  fissure  vein? 

Min.  and  Sci.  Press,  vol.  91,  p.  392. 

Discusses  the  alteration  of  rocks  In  veins  by  percolating-  mineral  waters, 
the  temperatures  of  mine  waters,  and  the  direction  of  flow  of  underground 
waters. 

482 The  SImplon  tunnel. 

Min.  and  Sci.  Press,  vol.  91,  p.  399,  1  flg. 

Describes  the  thermal  springs  encountered  in  the  construction  of  the 
tunnel  between  Switzerland  and  Italy. 
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483  Mining  and  Scientific  Press.     [Mine  water  at  Leadville,  Colo.] 

Min.  and  Scl.  I'ress,  vol.  91,  p.  417. 

Describes  the  trouble  with  mine  water  at  Leadvllle,  Colo. 

484  Mining  Magazine.     Some  questions  regarding  ore  genesis. 

Min.  Magazine,  vol.  12.  pp.  399-400. 

Discussion  of  the  agency  of  water,  volcanic  and  meteoric.  In  the  foraa- 
tlon  of  ore  deposits. 

485  Mining  Reporter.     The  drainage  of  the  Cripple  Creek  district  [Colo.]. 

Min.  Reporter,  vol.  51,  p.  280. 

States  that  the  lower  depths  of  the  Cripple  Creek  basin  bold  more  Titer 
than  the  upper  portions  and  gives  the  evidence  on  which  this  stateoMT 
is  based. 

486 [Blowing  wells.] 

Min.  Reporter,  vol.  52,  p.  285. 

Brief  description  of  blowing  wells  and  explanation  of  tbeir  cause. 

487 Drainage  of  the  Cripple  Creek  district 

Min.  Reporter,  vol.  52.  pp.  392-393.  2  Bgs. 

Discusses  the  underground-water  conditions  In  this  district.  Gives  a 
map  showing  the  relation  of  the  present  water  level  to  the  different  mines. 

48S The  divining  rod  superseded. 

Min.  Reporter,  vol.  52,  p.  514. 

Mentions  the  use  of  an  electric  or  magnetic  device  In  the  location  of  on 
bodies. 

489 The  SImplon  tunnel 

Min.  Reporter,  vol.  52,  pp.  595-596. 

Notes  the  encountering  of  hot  springs  at  45*  Centigrade  In  the  constnK 
tlon  of  the  tunnel  between  Switzerland  and  Italy. 

490  Minor  (J.  C).    The  so-called  constipating  effect  of  the  hot  water  of  Hi^t 

Springs,  Ark. 

Med.  Mirror,  St.  Louis,  vol.  16,  no.  1,  pp.  3-5. 

Endeavors  to  disprove  erroneous  Ideas  concerning  proportion  of  sulp!.G: 
and  Injurious  effects  of  this  water. 

491  Minor  (John  C,  jr.).    The  production  and  modern  uses  of  carbonic  acid. 

Chemical  Engineer,  vol.  1,  pp.  212-218. 

A  paper  read  before  the  New  York  Section  of  the  American  Cbemica 
Society,  December  29,  1904.  Contains  a  description  of  the  wells  at  San- 
toga  Springs,  N.  Y.,  that  are  used  for  the  production  of  this  gas  and  d^ 
scribes  the  method  used  In  separating  the  gas  from  the  water. 

492  Mitchell  (George  A.).    Irrigation  in  the  East. 

The  ofDclal  proceedings  of  the  Twelfth  National  Irrigation  Congres  ftt 
El  Paso,  Tex.,  November  15-18,  1904,  pp.  846-^348. 

Mentions  Irrigation  from  flowing  artesian  wells  near  Atlantic  City.  N.  J.. 
and  water  supply  from  pumping  14  driven  wells  at  Vineland,  N.  J. 

493  Monaghan  (J.  F.).     Windmills  for  South  Africa. 

Dally  Consular  Repts.  no.  2210,  I>ept.  Com.  and  Labor,  p.  4. 
Mentions  necessity  for  sinking  wells,  owing  to  continued  dry  seasons. 

494  Moncrieff  (C.  Scott).     Irrigation. 

Science,  new  ser.,  vol.  22,  pp.  577-590. 

Refers  to  Irrigation  by  artesian  wells  in  California,  Algeria,  and  Queens- 
land (p.  579),  and  by  ordinary  wells  in  India  and  eleewhere  (p.  5S0). 
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4d5  Monete  (Leon).  The  construction  of  the  Simplon  tunnel  [between  Switzer- 
land and  Italy]. 

Kag.  MasAzlne,  vol.  29,  pp.  169-184,  29  flgs. 

Description  of  the  springs  \of  hot  and  cold  water  encountered  in  the 
construction  of  the  tunnel  is  glyen.  Photographs  are  given  of  two  of 
these  springs. 

496  Mooney  (Charles  N.)  and  Ayrs   (O.  L.).     Soil  survey  of  the  Greenevllle 

area,  Tennessee-North  Carolina. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  IT.  S.  Dept.  Agr.,  pp.  498- 
525,  1  map.  1  flg. 

Refers  to  occurrence  of  sink  holes  and  effect  on  drainage  (p.  498). 

497  Moore  (George  T.).    The  use  of  copper  sulphate  as  an  algicide. 

Jour.  New  England  Waterworks  Assoc,  vol  19,  pp.  474-481. 
Notes  the  use  of  a  thermal  spring  In  Virginia,  temperature  given  as  70^ 
the  year  round.  In  the  growing  of  water  cress  (pp.  475-476). 

498 and  Xellerman   (Karl  F.).    Copper  as  an  alglclde  and  disinfectant 

in  water  supplies. 

Bull.  Bureau  of  Plant  Industry,  IT.  S.  Dept.  Agr.,  no.  76,  55  pp. 

Describes  injury  of  ground  water  stored  in  an  open  reservoir  at  Newtown, 
Pa.,  through  growth  of  alge,  and  disinfection  of  the  water  by  use  of  cop- 
per sulphate  (pp.  26-27). 

498a  Xoore   (Richard  B.),  Schlundt   (Herman)   and.    Radio-activity  of  some 
deep-well  and  mineral  waters. 
Jour.  Physical  Chemistry,  vol.  9,  pp.  320-3S2. 
See  Schlundt  (Herman)  and  Moore  (Richaid  B.). 

499  Morgan  (Percy).    The  Hauraki  goM  fields.  New  Zealand. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  861-862. 

Contains  disciusion  of  tjie  agency  of  underground  water  in  the  origin  of 
the  deposits. 

500  MorriflAA  (diaries  E.).    The  importance  of  potable  water  supplies  to  min- 

ing communities. 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  1057-1058. 

Includes  a  discussion  of  the  availability  of  springs  and  wells  in  min- 
ing districts.  Cites  a  case  in  Mexico  in  which  a  spring  supply  caused  an 
epidemic  due  to  the  impregnation  of  the  spring  water  by  arsenic  from  the 
mining  of  a  silver-lead  ore  carrying  considerable  arsenic. 

501  Moulthrop  (George  E.).    Annual  address  [of  the  president  of  the  Montana 

Society  of  Engineers]. 

Jour.  Assoc.  Eng.  Soc,  vol.  35,  pp.  141-163. 

Notes  the  decision  of  March  3,  1903,  of  the  Secretary  of  the  Interior 
relating  to  the  use  of  the  reclamation  fund  in  sinking  artesian  wells. 

502  Municipal  Engineering.     Investigations  of  water  supplies. 

Municipal  Engineering,  vol.  28,  pp.  23-24. 

Contains  a  description  of  the  subterranean  gallery,  deep-  and  drlven-well 
system  furnishing  the  water  supply  for  the  city  of  Indianapolis. 

503 Removal  of  iron  from  ground  water. 

Municipal  Engineering,  vol.  28,  pp.  472-177,  8  flgs. 

The  water  supply  of  Richmond,  Mo.,  Is  taken  from  a  group  of  4  or  5 
wells  sunk  to  bed  rock  in  the  Missouri  River  bottom  lands.  The  water 
contains  12  or  more  parts  per  million  of  Iron.  This  article  Is  devoted  to  a 
description  of  the  method  of  aeration  and  filtration  of  this  well  water. 

504  Murphy  (E.  C).    Drought  in  Ohio  River  drainage  basin.  j 

Water-Sup.  and  Irr.  Paper  no.  147,  U.  S.  Geol.  Survey,  pp.  173-182.  \ 

Describes  failure  of  springs  and  wells  In  Pennsylvania,  West  Virginia, 
and  Kentucky*  and  the  shortage  of  public  supplies. 
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505  Neill  (N.  P.),  Holmes  (J.  Garnett)  and.     Soil  survey  of  the  Greeley  arei, 

Colorado. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Itept.  Art-  PP-  951- 
993.  1  map,  1  fig. 

See  Holmes  (J.  Garnett)  and  Nelll  (N.  P.). 

505a  Lapham    (Macy   H.)    and.     Soil   survey  of  the  Solomonsville  ar«u 

Arizona. 

Field  Operations  of  ttie  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr..  pp.  lOi:*- 
1070,  1  fig.,  1  map. 

See  Lapham  (Macy  H.)  and  Neill  (N.  P.). 

506  Newell    (Frederick    Haynes).     Proceedings   of   the   second    conference  of 

engineers  of  the  Reclamation  Service ;  Organization ;  Re|>ort  of 
Conference. 

Water-Sup.  and  Irr.  Paper  no.  140,  U.  S.  Geol.  Survey,  pp.  7-19. 

Gives  personnel  of  division  of  hydrology  (pp.  7,  11)  and  notes  papen 
on  underground  waters  by  W.  C.  Mendenhall  and  C.  S.  Slicbter   (p.  13». 

507  NicholB  (Francis  H.).     Notes  from  diary  in  China. 

Bull.  Am.  Geog.  Soc,  vol.  37,  pp.  339-356,  1  fig. 

Describes  the  salt  and  gas  wells  of  Tse  Liu  (pp.  349-350). 

508  Nicholson  (J.  F.),  Lewis  (L.  L.)   and.     A  study  of  a  few  representative 

sources  of  drinking  water. 

Bull.  Oklahoma  Agr.  Exp.  Sta.  no.  66,  pp.  12-19. 
See  Lewis  (L.  L.)  and  Nicholson   (J.  F.). 

509  Noble  (T.  A.),  Boss  (D.  W.),  Whistler  (J.  T.)   and.     Report  of  progre^ 

of  stream  measurements  for  the  calendar  year  1904:  Part  XII. 
Columbia  River  and  Puget  Sound  Drainage. 

Water-Sup.  and  Irr.  Paper  no.  135,  U.  S.  Geol.  Survey,  300  pp. 

See  Ross  (D.  W.),  Whistler  (J.  T.),  and  Noble  (T.  A.). 

510  North  Carolina,  Board  of  Health  of.     Tenth  report,  1903^1904. 

State  laws  of  North  Carolina  relative  to  pollution  of  wells  and  spriBCs 
(p.  79). 

511  Norton  (William  Harmon).     Iowa. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  2'2(^'Jr2A. 
2  flgs. 

Describes  the  shallow  and  artesian  water  supplies  of  the  various  dis- 
tricts of  the  State,  including  the  Cambrian,  Ordoviclan,  Silurian.  I>evoniaB. 
Carboniferous,  and  Cretaceous  rocks.  Lists  the  mineral  springs  of  tb>? 
State  and  notes  the  principal  publications  on  underground  waters. 

512 \yater  supplies  at  Waterloo,  Iowa. 

Water-Sup.  and  Irr.  Paper"  no.  145,  U.  S.  Geol.  Survey,  pp.  148-155. 

The  investigation  was  undertalcen  to  discover  underground  supplier,  the 
surface  waters  having  caused  a  typhoid  epidemic.  The  geology  and  water 
horizons,  including  the  St.  Peter  sandstone,  Oneota  limestone.  Jordan  saod- 
stone,  etc.,  are  described  and  predictions  made  as  to  the  depth,  qaantitr. 
quality,  head,  etc.,  to  be  expected  In  a  deep  well.  (The  prediction  has  since 
been  verified  in  every  particular  by  the  well  sunk  as  a  result  of  I^feaaor 
Norton's  recommendations.    M.  L.  F.) 


513  O'Harra  (C.  C),  Darton  (N.  H.)  and.     Description  of  the  Aladdin  qnad- 
rangle  [Wyoming-South  Dakota-Montana]. 

Geologic  Atlas  U.  S.,  folio  128,  U.  S.  Geol.  Survey,  8  pp.,  4  maps,  1  cal 
sect.,  1  fig. 

See  Darton  (N.  H.)  and  O'Harra  (C.  C). 
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514  Oliphant  (F.  H.).    Petroleum. 

Mineral  Resources  V.  S.  for  1904,  U.  S.  Geol.  Survey,  pp.  675-759. 
Describes  the  occurrence  of  salt   water   in   the  oil   wells  of  Louisiana 
(p.  708),  Texas  (pp.  712,  713,  714),  Russia   (p.  733).  Germany   (p.  742), 
and  China  (p.  757). 

515 Natural  gas. 

Mineral  Resources  U.  S.  for  1904,  U.  S.  Geol.  Survey,  pp.  761-788. 

Describes  the  occurrence  of  water  in  the  gas  wells  of  Indiana  (p.  772) 
and  Texas  (p.  785).  Notes  that  many  of  the  artesian  wells  along  the  Gulf 
coast  give  off  considerable  natural  gas  with  the  artesian  water  (p.  785). 


516  Paglinccl  (Frank  D:).    The  quicksilver  deposits  of  Hultzuco  [Mexico]. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  417-418,  2  flgs. 

The  worlclngs  follow  an  old  hot-spring  conduit  or  geyser  pipe.  The  rela- 
tion of  the  quicksilver  deposits  to  this  conduit  are  discussed. 

316a  Palache  (Charles),  Jaggar  (Thomas  A.,  jr.)  and.  Description  of  the 
Bradshaw  Mountains  quadrangle  [Arizona]. 

Geologic  Atlas  U.  S.,  folio  126,  V.  S.  Geol.  Survey.  11  pp.,  4  maps,  1 
Illus.  sheet. 

See  Jaggar  (Thomas  A.,  Jr.)  and  Palache  (Charles). 

517  Palmer  (Charles  S.).    The  replacement  of  quartz  by  pyrite. 

Eng.  and  Min.  Jour.,  vol.  79,  p.  169. 

Discusses  the  agency  of  hot  alkaline  waters  in  the  replacement  of  quarts 
by  pyrite. 

518  Pammel  (L.  H.)  and  Fogel  (Estelle  D.).    Some  railroad  water  supplies. 

Proc.  Iowa  Acad.  Sci.  for  1904,  vol.  12,  pp.  151-155. 

Gives  the  location  and  depth  of  wells  and  temperatures  and  sanitary 
analyses  of  the  waters  of  wells  in  the  drift  and  St.  Peter  sandstone  of 
Iowa. 

519  Park    (£mma  J.)    and  Lyman    (Kate).    The   Springfield  water  supply: 

Description  of  springs  and  the  geology  of  the  district 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  46-49. 
Describes  in  some  detail  the  springs  used  for  public  supply  at  Springfield, 
Mo.  The  water  issues  from  the  contact  of  the  Upi)er  and  Lower  Burlington 
limestones,  but  part  may  come  from  the  St.  Peters  sandstone  along  a 
near-by  fault.  The  sinlcs  and  caverns  of  the  region  are  mentioned  and  the 
question  of  pollution  of  the  limestone  waters  considered. 

520 The  Hannibal  formation  In  Greene  County  [Missouri]. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll..  vol.  1,  pt.  2,  pp.  79-90. 
Describes  springs  from  contact  of  Lower  Burlington  and  Chouteau  lime- 
stones, the  water  coming  from  large  solution  passages  or  caves    (p.  81). 
^      The  composition  of  the  well  and  spring  waters  from  the  Hannibal  formation 
are  considered  and  analyses  of  the  water  given   (p.  87-88). 

521  Park  (James).    Ore  deposits  in  relation  to  thermal  activity. 

Eng.  and  Min.  Jour.,  vol.  79,  pp.  606-607 ;  continued  on  pp.  700-701. 
These   articles   are   abstracts   from   "  Mining  geology,."    by   Prof.   James 
Park,  in  the  Australian  Mining  Standard,  January  26,  1905.     Describes  in 
considerable   detail    the   relations   of   hot   springs   and    fumaroles   to   ore 
deposits. 

522 Metasomatlc  replacement 

Eng.  and  Min.  Jour.,  vol.  79,  p.  799. 

This  article  is  an  abstract  from  "  Mining  geology,'*  by  Prof.  James  Park, 
in  the  Anstralian  Mining  Standard,  January  26,  1905.  Discussion  of  min- 
eral solutions  in  metasomatlc  replacement  given  in  considerable  detalL 
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523  Park  (James).    Contact  metamorphic  deposits. 

Eng.  and  Mln.  Jour.,  toI.  79,  pp.  806. 

Contains  discussions  of  the  agency  of  underground  water  in  contact  ni«te- 
morpliism.  Tbis  article  is  an  abstract  from  **  Mining  geology."  by  Prcf 
James  Park,  in  tbe  Australian  Mining  Standard,  February  16,  1905. 

524  The  formation  of  veins. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  941>942. 

This  article  is  an  abstract  from  "  Mining  geology,"  by  Prof.  James  Paifc. 
In  tbe  Australian  Mining  Standard,  February  23,  1905.  Tbe  ageney  o2 
underground  waters  in  tbe  formation  of  veins  is  discussed. 

525 Tbeortes  of  veiB  fonutleB. 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  993-994. 

Discusses  the  eruptive  after-action,  lateral-secretion,  and  ascension  tb«o^ 
rles.  This  article  is  an  abstract  from  "  Mining  geology,"  by  l*rof.  Jama's 
Park,  In  tbe  Australian  Mining  Standard,  February  16,  190.'>. 

526  Absorption  of  metals  by  silica  and  clays  In  relation  to  ore  depositioa 

Eng.  and  Mln.  Jour.,  vol.  79,  p.  1242. 

Discusses  tbe  power  of  clays,  etc.,  of  extracting  metals  from  mlneraliKed 
underground  waters. 

527  [Peale,  A.  C]     Mineral  waters. 

Mineral  Resources  U.  S.  for  1904,  U.  S.  Geol.  Survey,  pp.  1185-120S. 

Botb  production  and  value  show  a  large  gain  over  1903.  The  productioa 
is  given  as  67,718,500  gallons  and  the  value  as  |10,.398.450.  A  list  of  tbf 
commercial  springs  Is  given.  A  list  of  the  mineral  waters  on  exhibition  at 
the  Louisiana  Purchase  Exposition  is  given.  Tables  showing  the  imports 
of  mineral  waters  from  1867  to  1904  and  exports  from  1875  to  1883  are 
also  given. 

528  Peary  (Robert  E.).    Address  delivered  at  the  annual  meeting  of  tbe  Amer- 

ican Geographical  Society,  January  24,  1905. 

Bull.  Am.  Geog.  Soc,  vol.  37,  pp.  129-143. 

Notes  the  slnldng  of  artesian  wells  in  the  Algerian  Sahara,  and  brieflj 
discusses  the  underground-water  conditions  and  the  use  of  the  water  la 
irrigation  (p.  137). 

530  Pendell  (George).     Pumping  plants  and  irrigation  at  El  Paso,  Tex. 

Irrigation  Aid,  vol.  1.  no.  6,  p.  8. 

Mentions  several  wells  from  which  water  is  used  for  irrigation. 

531  Perkins   (F.  C).     Latest  electrical  equipment  of  the  Karawanken  tunnel 

[  Austria-Hungary] . 

Min.  and  Scl.  Press,  vol.  91,  p.  275. 

Notes  the  encountering  of  a  considerable  amount  of  water  in  the  excava 
tlon  of  the  tunnel. 

532  Perkins  (George  H.).     Vermont 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  60-67.  1  tt. 

Discusses  public  supplies  from  springs  and  gives  table  (pp.  60-62 »: 
discusses  common  nnd  mineral  springs  and  gives  analyses  and  list  of  com- 
mercial springs  (pp.  62-64).  Describes  distribution  of  ordinary,  deep,  lod 
artesian  wells  and  gives  map  (pp.  64-65).  Emphasises  the  abundance  of 
water  (pp.  66-67).     Gives  list  of  publications  (p.  67). 

533  Perkins  (W.  R.),  Logan  (W.  N.),  and.    The  underground  waters  of  Mis- 

sissippi. 

Bull.  Mississippi  Agr.  Exp.  Sta.  no.  89,  112  pp.,  23  figs. 
See  Logan  (W.  N.)  and  Perkins  (W.  R.). 
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634  Philips   (William  Battle).     The  quicksilver  deposits  of  Brewster  County, 
Tex. 

Bcon.  Geol.,  vol.  1  pp.  155-162. 

Describes  caverns  in  the  Upper  Cretaceous  and  their  contained  cinnabar 
deposits   (p.  158). 

535  Pittman   (E.  F.)   and  David   (T.  W.  E.).     Irrigation  geologically  consid- 

ered with  special  reference  to  the  artesian  area  of  New  South 
Wales. 

Jour,  and  Proc.  Roy.  Soc,  N.  8.  Wales,  eng.  sect.,  vol.  37,  pp.  clll-clili, 
2  pis.     Abstract :  Exp.  Sta.  Record,  vol.  17,  no.  2,  p.  193. 

Summarises  present  state  of  Itnowledge  and  gives  list  of  papers  bearing 
on  the  subject. 

536  Porter  (Rufus  K.).    Timber  tunneling  in  quicksand. 

Jour.  Assoc.  Eng.  Soc,  vol.  35,  pp.  61-76,  11  figs. 

Describes  the  methods  used  In  driving  a  timber  tunnel  in  quicksand  at 
Newton,  Mass.,  10  feet  below  the  ground-water  level.     Contains  descrip- 
tions of  the  water  encountered  and  how  it  was  disposed  of. 

537 Driving  a  tunnel  in  quicksand. 

Mines  and  Minerals,  vol.  26,  pp.  219-221,  10  figs. 

Describes  the  method  used  in  driving  a  tunnel  In  quicksand  at  Newton. 
Mass.,  where  the  level  of  ground  water  was  10  feet  above  grade. 

538  Potter   (Alexander).    Breakage  in  sewer  conduits;  its  cause,  effect,  and 

prevention. 

Jour.  Assoc.  Eng.  Soc,  vol.  35,  pp.  190-213. 

Discusses  the  admission  of  ground  water  into  sewers  through  defective 
pipes.  Notes  that  in  one  case  such  inflow  caused  a  lowering  of  the  ground- 
water table. 

539  Pratt   (Joseph  Hyde)   and  Lewis   (Joseph  Volney).    Corundum  and  the 

peridotites  of  western  North  Carolina. 

North  Carolina  Geol.  Survey,  vol.  1,  464  pp.,  45  pis.,  35  figs. 

Mentions  relation  of  peridotite  weathering  to  percolation  of  water  (p. 
65)  ;  describes  leaching  effect  of  infiltrating  waters  (p.  113),  relations  of 
serpentinlzation  to  sone  of  hydration  (pp.  118-121),  of  chloritization  to 
Infiltrating  solutions  (p.  123)  ;  mentions  hypothesis  for  formation  and  alter- 
ation of  corundum  through  agency  of  percolating  and  permeating  waters 
(pp.  270,  340,  341,  347). 

540  Pressey  (Henry  A.).    Water  powers  of  the  southern  Appalachian  region. 

Forestry  and  Irrigation,  vol.  11,  pp.  498-512,  5  figs. 

Mentions  the  existence  of  many  springs  on  the  mountains  and  discusses 
the  relation  of  forests  to  springs  and  stream  flow. 

Ml  Pumpelly  (Raphael  W.).  "Physiographic  observations  between  the  Syr 
Darya  and  Lake  Kara  Kul,  on  the  Pamir,  in  1903." 

Explorations  in  Turkestan  with  an  account  of  the  basin  of  eastern  Persia 
and  Sistan — Carnegie  Institution  of  Washington,  1905,  pp.  123-155,  38 
figs,  2  maps. 

Notes  absorption  of  water  of  mountain  streams  in  the  sands  of  the  Kara 
Kul  desert  (p..  132). 

542  Purdue  (A.  H.).    Northern  Arkansas. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Oeol.  Survey,  pp.  188-197,  1  pi., 
2  figs. 

Describes  the  underground-water  conditions  in  the  Boone  chert  area,  in 
the  Boston  Mountains  area,  in  the  I*aleozolc  area,  and  In  the  Tertiary 
region,  discussing  conditions  for  wells.  Enumerates  the  mineral  springs 
and  the  principal  publications  bearing  on  underground  waters  in  that  part 
of  the  State. 
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543  Purdue  (A.  H.).    Water  resources  of  the  Winslow  quadrangle,  Arkaxiiaii 

Water-Sup.  and  Irr.  Paper  no.  146,  U.  S.  Geol.  Survey,  pp.  84—87. 

Describes  the  underground-water  conditions  and  discusses   the  quantit; 

and  quality  of  the  supplies  of  wells  and  springs  in  the  Boone  and  iitkia 

limestones.  Hall  sandstone,  and  Winslow  sandstones  and  shales.     One  sal 

phur  spring  is  described. 

544 Water  resources  of  the  contact  region  between  the  Paleozoic  and  Mis 

sissippi  embayment  deix>sits  in  northern  Arkansas. 

Water-Sup.  and  Irr.  Taper  no,  14o,  U.  S.  Geol.  Survey,  pp.  88-119. 

Discusses  the  topography  and  geology  of  the  region,  and  considers  tb> 
underground-water  supplies  from  the  Ordovician  beds,  Boone  formail<j«. 
Batesville  sandstone,  Pitkin  limestone,  and  Morrow  formation  of  the  hi^t 
lands,  and  of  the  Tertiary  and  later  horizons  of  the  lowlands.  The  deri 
vation  of  water  from  rainfall,  the  conditions  of  absorption  from  rivers,  ani 
the  source  from  underlying  Paleozoic  rocks  are  considered.  The  wat^r 
horizons  are  not  continuous  and  flows  are  not  to  be  expected.  The  com 
position  of  the  water,  methods  of  sinking  wells,  capacity,  and  sanitary  ]o^ 
cation  of  wells  are  also  discussed. 

545  Pynchon  (W.  H.  C).  Drilled  wells  of  the  Triasslc  area  of  the  Connecticut 
Valley. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  65-94.  2  fijrs. 

Describes  a  considerable  number  of  wells,  and  the  relation  of  the  occur 
rence  of  water  to  the  geology.  Emphasizes  the  uniform  water-bearini; 
character  of  the  sandstones,  the  high  percentage  of  mineral  matter,  and  tbe 
general  absence  of  flowing  wells.     Gives  analysis  and  many  brief  records. 


546  Bafter  (George  W.).    Hydrology  of  the  State  of  New  York. 

Bull.  New  York  State  Mus.  no.  85,  902  pp.,  45  pis.,  74  flgs.,  5  maps. 

Discusses  relation  of  rainfall  to  run-off,  including  effect  on  level  and 
fluctuation  of  water  table  (pp.  114-203).  and  relation  of  geologic  stractcrp 
to  run-off  (pp.  162-172).  Mentions  use  of  wells  in  New  York  City  ipp. 
676-679).  Describes  relations  of  open  and  driven  wells  on  Long  Islaii>j 
for  the  Borough  of  Brooklyn  (pp.  681-693),  and  discusses  the  unfaror 
able  conditions  for  such  supplies  elsewhere  in  the  State  (pp.  713-717 1. 
Describes  supplies  obtained  from  wells  and  springs  In  western  New  York 
(pp.  844-863). 

547  Bansome  (Frederick  Leslie).    The  present  standing  of  applied  geolc^y. 

Econ.  Geol.,  vol.  1,  pp.  1-10. 

Considers  briefly  the  relative  importance  of  meteoric  and  magmatk 
waters,  and  quotes  Becker  on  artesian  origin  of  the  hot  waters  of  the  Com 
stock  lode  (p.  8). 

548 Lindgren    (Waldemar)    and.    The  geologic  resurvey  of  the  Cripple 

Creek  district,  Colorado. 

Bull.  IT.  S.  Geol.  Survey  no.  260,  pp.  85-98. 

See  Lindgren  (Waldemar)  and  Ransome  (Frederick  Leslie). 

549  Bead    (Thomas  Thornton).    The  phase  rule  and  conceptions  of  igneoiB 
magmas.     Their  bearing  on  ore  deposition. 
Econ.  Geol.,  vol.  1,  pp.  101-118 

.  Considers  the  relative  Importance  of  meteoric  and  magmatic  waters  (pp. 
101-102)   and  the  origin  of  the  latter  (pp.  101,  117). 

550 Platinum  and  palladium  in  certain  copper  ores. 

Eng.^aud  Min.  .Tour.,  vol  79,  pp.  985-986,  3  figs. 

Contains  a  discussion  of  the  agency  of  mineralized  underground  waten 
in  the  formation  of  chalcopyrlte,  covelllte,  and  chalcocite. ' 
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551  Beagan  (Albert  B.).    Some  geological  observations  on  tbe  central  part  of 

the  Rosebud  Indian  Reservation,  South  Dakota. 

Am.  GeoloRlat,  vol.  36,  pp.  229-243. 

Notes  the  occurrence  of  sinks  and  springs,  and  considers  the  composition 
of  spring  and  well  waters.  A  map  of  some  of  the  sinks  is  given.  The 
waters  are  ft-om  Cretaceous  and  Tertiary  deposits  (pp.  240-241). 

552  Beid  (John  A.).     Some  underground  waters  and  their  work. 

California  Jour.  Technology,  vol.  5,  pp.  117-121,  7  flgs. 

Discusses  the  agency  of  the  thermal  waters  of  the  Comstock  Lode, 
Nevada,  In  the  decomposition  of  the  country  rock  and  the  deposition  of 
the  ores.     Heveral  analyses  of  mine  waters  are  given. 

553  Structure  and  genesis  of  the  Comstock  I>ode. 

Mln.  and  Scl.  Press,  vol.  91,  p.  244. 

An  extended  discussion  of  the  agency  of  mineral  solutions  in  the  forma- 
tion of  the  ore  deposits  of  the  Comstock  Lode. 

554 Some  underground  waters  and  their  work. 

Min.  Reporter,  vol.  51,  pp.  642-644,  7  flgs. 

Gives  analysis  of  several  Nevada  mine  waters  and  discusses  the  altera- 
tion of  rocks  by  heated  mineral  waters. 

555 The  structure  and  genesis  of  the  C/omstock  Ix)de.     [Nevada.] 

Bull.  Dept.  Geol.,  Univ.  Cal.,  vol.  4,  no.  10,  pp.  177-199. 
Discusses   the  agency   of  underground   waters   In   ore   deposition ;  gives 
analyses  and  assays  of  the  deep  and  vadose  waters  of  the  mines. 

556  Bice  (Thomas  D.)  and  Oeib  (W.  J.).  Soil  survey  of  the  Gainesville  area, 
Florida. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp. 
269-289,  1  map,  1  fig. 

Describes  sink  holes  and  limestone  caverns  (p.  274). 

557 and  Oelb  (W.  J.).     Soil  survey  of  Warren  County,  Kentucky. 

Field  operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp. 
527-541,  1  map,  1  flg. 

Describes  the  occurrence  of  sink  holes  and  their  connectioc  with  lime- 
stone caverns  (p.  530). 

558 knd  Griswold  (Lewis).     Soil  survey  of  Acadia  Parish,  Louisiana. 

Field  Operations  of  the  Bureau  of  Soils,  1903,  U.  S.  Dept.  Agr.,  pp. 
481-485,  1  flg.,  1  map. 

Describes  irrigation  from  wells  sunk  to  the  Lafayette  formation,  and 
states  that  a  few  of  the  wells  are  flowing.  Describes  the  geological  occur- 
rence of  the  water  and  the  change  from  fresh  water  to  salt  water  by 
continued  pumping  In  time  of  drought  (pp.  477-478). 

558a  Richards  (Ellen  11.)  and  Woodman  (Alpheus  G.).  Air,  water,  and  food 
from  a  sanitary  standpoint. 

New  York  and  Ix)ndon,  1904,"  262  pp.,  13  flgs.,  1  map. 

Gives  analytical  procedure  for  the  sanitary  examination  of  waters,  and 
discusses  particularly  the  interpretation  of  the  analytical  data  obtained  by 
the  examination  of  well  water. 

559  Bichardson  (George  B.).  Salt,  g>'psum,  and  petroleum  in  trans-Pecos, 
Texas. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  573-585. 

Notes  the  relation  of  the  ground-water  level  to  salt  deposits  (p.  580), 
considers  the  occurrence  of  artesian  water  and  wells  (p.  581),  gives  well 
record  (p.  583),  and  describes  caves  and  channels  in  gypsum  (p.  585). 
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560  Bicbardson  (George  B.).    Native  sulphur  in  El  Paso  County,  Texas. 

Ball,  U.  S.  Geol.  Survey  no.  260,  pp.  589-592. 

Describee  the  shallow  mlDeralised  waters  (p.  590)  and  notes  the  depo> 
sltion  of  gypsum  by  the  evaporation  of  the  ground  waters  (p.  59>*ii. 
Caves  in  gypsum  are  also  mentioned  (p.  591). 

561  Biemer  (W.  H.  V.).    An  experiment  and  an  experience  in  sewage  disposal 

Municipal  Engineering,  vol.  29,  pp.  252-253. 

Discusses  the  difficulties  encountered  in  the  management  of  the  sewacs 
plant  due  to  the  reduced  amount  of  ground  water  entering  the  sewers. 

5()2  Bix  (Edward  A.).    Ck)nipre8sed  air  on  the  Pacific  coast 

Mines  and  Minerals,  vol.  25,  pp.  465-472,  15  flgs. 

Notes  the  encountering  of  a  large  flow  of  water  in  the  Bmnswlck  mine. 
Grass  Valley,  California  (p.  468)  :  describes  the  use  of  compressed  air  ia 
increasing  the  flow  of  an  artesian  well  at  Tulare  (pp.  469-470)  :  desolbei 
the  pumping  plant  of  the  Los  Angeles  well  system  (p.  470). 

5(>3  Boadhouse  (J.  E.).     Irrigation  conditions  In  Imperial  Valley,  California. 
Bull.  Office  of  Exp.  Sta.,  V.  S.  Dept.  Agr.,  no.  158,  pp.  175-194.  1  pL 
Describes  seepage  and  its  relation  to  loss  of  water  from  canals  (pp.  18^ 

1«9). 

564  Boberts  (L.  H.).  Watering  the  desert:  A  short  history  of  the  dOO-mile 
pil>e  system  supplying  water  to  the  Coolgardie  gold  fields  and  dis- 
trict in  Australia. 

Technical  World  Magazine,  vol.  3,  pp.  85-86,  3  flgs. 

Notes  the  encountering  of  salt  water  in  mines. 

5r>5  Boot  (Aldert  S.),  Mackie  (W.  W.),  Lapham  (Macy  H.).  and.  Soil  smr- 
vey  of  the  Sacramento  area,  California. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  I'.  S.  Dept.  Agr.,  pp.  104!^ 
1087,  1  map,  1  fig. 

See  Lapham  (Macy  H.),  Root  (Aldert  S.),  and  Mackie  (W.  W.). 

566  Boss  (Berta).    Hahatonka  [Missouri]. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll..  vol.  1,  pt.  2.  pp.  68-71. 

Describes  Uahatonka  and  other  springs,  sinks,  caves,  underinnouod  chan- 
nels, and  natural  bridge,  together  with  cave  deposits.  The  pix>possl  to 
utilize  the  spring  for  power  is  noted,  the  result  of  damming  on  the  under- 
ground drainage,  and  the  possible  opening  of  new  outlets  considered. 

r>67  Boss  (D.  W.),  Whistler  ( J.  T.),  and  Noble  (T.  A.).  Report  of  progress  of 
Stream  measurements  for  the  calendar  year  1904 :  Part  XII,  Colum- 
bia River  and  Puget  Sound  drainage. 

Water-Sup.  and  Irr.  I'aper  no.  135,  U.  S.  Qeol.  Survey,  300  pp. 

Gives  discharge  of  the  following  Idaho  springs  (pp.  271-273)  and  con- 
siders the  use  of  several  for  irrigation :  Bear,  Big.  Blue,  Caldwell.  East 
Bald  Cabin,  West  Bald  Cabin,  Garner,  Golf,  Green.  Griuly,  Hawley.  Bock. 
Sherwood,  Thompson,  Thurman,  and  Whitman. 

i}{\S  Bo  we  (Jesvse  Perry).     Montana  gypsum  deposits. 
Am.  Geologist,  vol.  35,  pp.  104-113. 

Notes  the  presence  of  calcium  sulphate  and  the  deposition  of  gypmm  by 
springs  in  Montana. 

r)()9  Bussell  (Israel  C).  Preliminary  report  on  the  geology  and  wat^  re- 
sources of  central  Oregon. 

Bull.  U.  S.  Geol.  Survey  no.  252,  138  pp.,  24  pis.,  4  figs. 

Mentions  large  springs  in  river  beds  (pp.  18-19)  ;  describee  indnrating 
effect  of  silica  waters  (p.  32)  ;  describes  conditions  relative  to  artesian 
areas  and  wells  (pp.  56-122)  ;  describes  thermal  and  normal  springs  <pp. 
41.  55-06).  drilled  wells  (p.  41),  deep  driven  wells  (p.  84),  horiaontaJ  weUs 
(pp.  66,  79),  and  gives  well  records  (pp.  42,  84). 
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570  BuBsell   (Israel  C).    A  geological  reconnaissance  along  the  north  shore 

of  Lakes  Huron  and  Michigan. 

Ann.  Kept.  Michigan  Geol.  Surrey,  1904,  pp.  33-114,  11  pis.,  1  flg.,  3 
maps. 

Describes  knob  and  kettle  topography  due  to  solution  of  gypsum  beds 
(p.  44)  and  formation  of  breccia  by  settling  of  overlying  beds  (p.  40). 

571  The  Influence  of  caverns  on  topography. 

Science,  new  ser.,  rol.  21,  pp.  30-82. 

Describes  hills  left  in  relief  owing  to  subterranean  drainage,  and  gives 
examples  at  Luray,  Va.,  at  Mackinac  Island,  Michigan,  and  at  Gibraltar. 

572  Butherford  (Rutledge).    Rice  Cultivation  in  America. 

Technical  World  Magazine,  vol.  4,  pp.  234-240,  7  flgs. 
Describes  the  use  of  artesian-well  water  In  the  Irrigation  of  rice  nelds  of 
southern  United  States. 

S. 

573  San  Antonio  Gazette.     Irrigation  in  artesian  belt 

Irrigation  Aid,  vol.  3,  no.  1,  pp.  9-12. 

Gives  a  description  of  the  wells,  springs,  and  underground-water  condi- 
tions In  southwestern  Texas. 

574  Sanchez  (Alfred  M.).    Soil  survey  of  the  Provo  area,  Utah. 

Field  Operations  of  the  Bureau  of  Soils,  1003,  U.  S.  Dept.  Agr.,  pp.  1121- 
lisO,  1  fig.,  3  maps. 

Gives  a  map  (Map  65)  showing  the  depth  to  the  water  table  and  dis- 
cusses depths  and  relation  to  alkali  and  seepage  (pp.  1138-1141).  Men- 
tions Irrigation  by  flowing  wells  (p.  1134). 

575  Savage  (T.  E.).    Geology  of  Benton  County  [Iowa]. 

Ann.  Rept.  Iowa  Geol.  Survey,  1004,  vol.  15,  pp.  127-225,  14  figs.,  1  map. 
Mentions  shallow  wells,  springs,  flowing  artesian  wells,  and  well  water 
for  town  and  farm  use  (p.  224). 

576  Schardt   (H.)    [In  Engineering  Magazine].    The  geology  of  the  Siniplon 

tunnel  [between  Switzerland  and  Italy]. 

Mln.  Reporter,  vol.  52,  p.  314. 

Contains  a  description  of  the  springs  encountered  In  the  construction  of 
the  tunnel. 

577  Scherer  (George  H.).    Geology  of  the  Haha tonka  district,  Camden  County 

[Missouri]. 

Bull.  Bradley  Geol.  Field  Sta.  of  Drury  Coll.,  vol.  1,  pt.  2,  pp.  58-67. 

Considers  part  of  hot  ground  waters  accompanying  pegmatite  lutruslon 
In  formation  of  chert  (p.  60),  describes  springs  and  wells  of  the  Decatur- 
vllle  "dome"  (pp.  62-63),  discusses  availability  of  springs  for  water  power 
(p.  63),  and  gives  well  records  and  analyses  (pp.  63-67). 

578  Schlundt    (Herman)    and  Moore    (Richard  B.).    Radio-activity  of  some 

deep-well  and  mineral  waters. 

Jour.  Physical  Chemistry,  vol.  9,  pp.  320-332. 

Describes  methods  and  gives  results  of  experiments  on  the  radio-active 
properties  of  deep- well  and  spring  waters  In  the  limestone  near  Columbia, 
Mo.     The  location,  depth,  and  method  of  pumping  the  wells  are  given. 

579  Schoch  (Edward  R.).    The  genesis  of  the  Tarkwa  Banket.     [Gold  Coast, 

Africa.] 

Bng.  and  Mln.  Jour.,  vol.  79,  pp.  1235-1236. 

Discusses  the  agency  of  mineral-bearing  solutions  In  the  formation  of 
these  deposits. 
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580  Schrader    (F.   C.)    and  Haworth    (Erasmus).    Oil  and  gas   of  the  In6r 

I>endence  quadrangle,  Kansas. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  446-458. 
GiveH  summary  of  drilliug  In  1004. 

581  Schultz  (Alfred  R.).     Wisconsin  district. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  233-241. ::  £?« 
Describes  the  underground- water  resources  of  the  State  and  the  «^r:■ 
rence  of  water  in  the  Potsdam  sandstone.  Lower  Magnesian  limestoiK>.  v 
Peter  sandstone,  Galena-Trenton  limestone,  Niagara  limestone,  and  ilrL^ 
deposits.  Describes  the  occurrence  of  springs  and  mineral  waters  and  lbr& 
the  Important  mineral  springs.  Notes  several  publications  on  undergrojn  J 
waters. 

582  Schwarz    (T.  E.).     Features  of  the  occurrence  of  ore  at  Red  Mountain. 

Ouray  County,  Colorado. 

Bimonthly  Bull.  Am.  Inst.  Mln.  Eng.  no.  2,  pp.  267-274,  3  tigs. 

Ascribes  the  origin  of  the  Yankee  Girl  ore  body  to  secondary  enrichmn: 
by  descending  acid  solutions,  and  quotes  W.  H.  Weed  as  explaining  Th-> 
occurrence  of  enarglte  In  the  Butte  mines  as  a  secondary  product  de- 
posited by  ascending  alkaline  solutions. 

583  Science.     [Review  of  notes  on  the  spring  waters  of  Massachusetts,  pub- 

lished in  "  Contributions  to  the  Hydrology  of  eastern  United  Statt>. 
1903  "]. 

Science,  new  ser.,  vol.  21,  pp.  279-280. 

Notes  economic  value  and  distribution  of  springs  and  cooperation  <f 
drillers. 

584 [Notes  on  the  work  of  the  division  of  hydrologj'  of  the  U.  S.  Geological 

Survey]. 

Science,  new  ser.,  vol.  21,  pp.  319-320. 

Compares  this  division  with  similar  divisions  In  other  countries,  flti 
notes  the  establishment  of  such  bureaus  in  Brazil  and  Peru. 

585  [Investigation  of  "blowing"  or  "  breathing"  wells]. 

Science,  new  ser.,  vol.  22,  pp.  415-416. 

Refers  to  breathing  wells  In  Nebraska  and  Lfouislana,  and  attribute* 
their  peculiarity  changes  In  atmospheric  pressure  or  temperature. 

586 [Ground  water  in  crystalline  rocks  in  Connecticut]. 

Science,  new  ser.,  vol.  22,  p.  476. 

States  that  the  water  is  frequently  under  artesian  pressure,  and  bear*  i 
definite  relation  to  the  drift. 

587  Scientific  American.    The  dangers  and  difficulties  of  tunnel  boring:. 

Compressed  Air,  vol.  10,  pp.  3633-3634. 

Mentions  the  encountering  of  hot  springs  in  the  Slmplon  tunnel  betw<^ 
Switzerland  and  Italy. 

588  An  explanation  of  ice  caves. 

Scl.  Am.  vol.  92,  p.  479. 

Describes  results  recently  obtained  from  experiments  by  Schwalbe, 

589  Scientific   American    Supplement.     Composition    of   gases    from    nilner.i 

springs,  helium,  etc.,  and  radio-activity. 

Scl.  Am.  Supp.,  vol.  59,  pp.  24294-24295. 

Describes  the  results  obtained  from  a  study  of  the  radio-active  gases  <*. 
several  European  springs. 

590  [Removal  of  iron  from  subterranean  water.] 

Scl.  Am.  Supp.,  vol.  60,  p.  24875. 

Descrllws  the  removal  of  Iron  from  the  subterranear  water  supply  «••' 
lierlln,  Germany.  The  water  Is  taken  from  25  wells  on  the  shore  of  L2.k- 
Tegel. 
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591  Shamel  (Cbarles  H.).    The  American  law  relating  to  minerals. 

School  of  Mines  Quarterly,  Columbia  Univ.,  vol.  27,  pp.  1-27. 
DIscussefl  the  law  relating  to  underground  waters.     Many  citations  are 
given  (pp.  17-19,  22). 

592  Shepard  (Edward  M.)-     Spring  system  of  the  Deoaturville  Dome,  Camden 

County,  Mo. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  113-125, 
4  figs. 

Describes  a  line  of  springs  surrounding  the  Dome  and  the  radiation  of 
their  channels  from  the  center  of  the  I>ome.  Describes  many  springs, 
sink  holes,  and  artesian  wells.     Gives  water  analysis. 

593  Missouri. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  209-219, 
3  figs. 

Describes  the  underground-water  resources  of  the  Northwestern  Plateau 
district.  North-central  Plain  district,  the  Ozark-St.  Francis  Dome,  and  the 
Southeastern  lowlands,  describing  In  detail  numerous  springs,  wells,  and 
water-bearing  formations.  Lists  the  Important  mineral  springs  and  publi- 
cations relating  to  underground  waters  of  the  State. 

594 ^The  New  Madrid  earthquake. 

Jour.  Geol.,  vol.  13,  pp.  45-62. 

This  paper  is  a  discussion  of  the  New  Madrid  earthquake  and  the  rela'- 
tion  of  some  of  Its  phenomena  to  artesian  conditions.  Among  the  sub- 
jects considered  are  the  extrusion  of  water  or  mud  by  the  quake  (pp.  46, 
47,  57,  58),  artesian  wells  at  Memphis  Tenn.,  Jackson,  Miss.,  and  at 
points  In  Kentucky,  Missouri,  and  Arkansas  (p.  53).  springs  and  dis- 
charged sands  (pp.  54,  56),  relation  of  earthquake  to  artesian  conditions 
(pp.  59,  61,  62),  and  the  elfect  of  recent  earthquakes  on  wells  (p.  59)  and 
springs  (p.  60). 

595  Sherman  (Charles  W.).  Waterworks  statistics  for  the  year  1904,  in  form 
adopted  by  the  New  England  Waterworks  Association. 

Jour.  New  England  Waterworks  Assoc.,  vol.  19,  pp.  241-263. 

Gives  references  to  previous  compilations  of  statistics  (pp.  241-243). 
Many  towns  are  listed  which  derive  their  supply  from  wells  and  springs. 

51>G  Shnable   (E.  R.).    A  criticism  of  timber  specifications  and  a  suggested 
method  of  recording  earth  borings. 
Eng.  News,  vol.  53,  p.  20. 

I'resents  two  forms  of  recording  borings  and  suggests  the  keeping  of 
time  consumed  in  passing  through  each  strata. 

597  Siebenthal  (C.  E.).     Structural  features  of  the  Joplln  district  [Missouri]. 

Bcon.   Geol.,  vol.   1   pp.    119-128. 

Discusses  the  formation  of  caverns  by  solution  and  the  development  of 
underground -drainage  systems,  and  suggests  the  settling  of  the  roofs 
of  the  caverns  as  the  cause  of  some  of  the  faulting  (pp.  127-128). 

598  Skinner   (S.  A.).    Some  observations  on  the  use  of  alkaline  waters  for 

laundry  purjjoses. 

Jour.  Am.  Chem.  Soc,  vol.  27,  pp.  165-167. 

Describes  the  use  of  a  strongly  alkaline  artesian  water  in  a  steam 
laundry  and  the  difficulties  encountered.  An  analysis  of  the  water  is 
given.  A  large  amount  of  free  ammonia  is  noted,  and  it  is  stated  that 
"  Wanklyn  and  Chapman,  in  their  treatise  on  water  analysis,  are  authority 
for  the  statement  that  such  a  condition  is  sometimes  met  with  in  deep 
waters  that  are  organically  pure." 
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599  Slichter  (Charles  ^.),    Description  of  underflow  meter  used  in  measarine 
the  velocity  and  direction  of  movement  of  underground  water. 
Water-Sup.  and  Irr.  Paper  no.  110.  V.  S.  Geol.  Surrey,  pp.  17-^1.  4  pl^ 

8   figB. 

Describes  a  method  of  measurement  by  means  of  test  wella  and  u 
electrical  device  by  which  the  velocity  of  a  certain  salt  in  the  water  S 
measured. 

GOO The  California  or  "  Stovepipe  *'  method  of  well  construction. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  32-36,  3  tt^ 
Mentions  a  system  of  perforating  the  casings  at  horlzona  where  watrr 
is  known  to  occur. 

001  Approximate  methods  of  measuring    the  yield  of  flowing  wells. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  37—42.  2  tf» 
Describes  and  gives  tables  for  a  method  of  calculation  by  measuring  th* 
height  or  lateral  projection  of  a  Jet  of  water. 

002 Field  measurements  of  the  rate  of  movement  of  underground,  waten^ 

Water-Sup.  and  Irr.  Paper  no.  140,  U.  S.  Geol.  Survey,  122  pp. 
Discusses  the  capacity  of  sand  to  transmit  water  and  describes  labora- 
tory experiments  on  the  flow  in  sands  and  gravels.  The  use  of  the  under- 
flow meter  is  considered  in  detail  and  the  results  of  measurements  of  under- 
flows in  California  and  New  York  given.  Attention  is  paid  to  the  specitr 
capacity  of  wells  as  shown  by  tests,  to  the  tests  of  typical  pumping  planti 
in  Texas  and  New  Mexico,  and  to  the  California  or  "  stovepipe  "  method 
of  well  construction. 

003 Observations  on  the  ground  waters  of  Rio  Grande  Valley. 

Water-Sup.  and  Irr.  Paper  no.  141,  U.  S.  Geol.  Survey,  83  pp. 

Describes  the  underflow  conditions  near  El  Paso,  Tex.,  illustrates  rarioo^ 
methods  of  drilling,  considers  the  methods,  results,  and  cost  of  pompine 
and  the  resultant  lowering  of  the  water  table,  and  gives  a  number  uf 
analyses  of  the  ground  waters. 

004 The  underflow  of  the  Arkansas  River. 

Abstract :  Science,  new  ser.,  vol.  21,  p.  957. 

Discusses  variation  in  rate  of  underflow,  and  connection  of  the  moTemcDt 
with  the  river. 

(;06  Smith  (Erastus  G.).  The  Mississippi  River  as  the  source  of  water  supply 
for  the  inhabitants  of  the  Mississippi  Valley. 

Jour.  New  England  Waterworks  Assoc.,  vol.  19,  pp.  215-231. 

Notes  the  calcareous  nature  of  the  glacial  drift  in  the  Mississippi  ValleT 
and  the  resulting  hard  river  and  surface  well  waters  in  this  section  tpf 
217-218). 

606  Smith  (Eugene  Allen).    Alabama. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  164—170.  1  pi 
Describes  the  occurrence  of  underground  water  in  the  Cambrian  aD>l 
Carboniferous  roclcs,  and  artesian  conditions  in  the  various  Cretac^eons  *oi 
Tertiary  formations,  illustrating  artesian  areas  by  a  map.  Notes  the  wx-mt 
rence  of  brine  wells.  Gives  list  of  mineral  springs  and  of  pubIlcatio3« 
on  underground  waters  of  the  State. 

607  and  McGalley  (Henry).     Index  to  the  mineral  resources  of  Alabam.). 

Alabama  Geol.  Survey.  1904,  79  pp.,  map  and  6  pis. 

Refers  to  relation  of  water  level  to  character  of  gold  ores  (p.  54 1  ;  men 
tions  occurrence  of  salt  water  under  artesian  pressure  in  gas  wells  aci 
"seeps,**  and  use  of  the  salt  (pp.  71-72),  and  enumerates  commercial  mic 
eral  springs  and  artesian  wells,  stating  the  class  of  water  (pp.  72—73). 
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G08  Smith  (George  Otis).  Water  resources  of  the  Portsmouth- York  region, 
New  Hampshire  and  Maine. 

Water-Sup.  and  Irr.  Paper  no.  145,  IT.  S.  Geol.  Survey,  pp.  120-128. 

Describes  the  occurrence  of  water  In  the  drift  of  the  valleys  and  In  the 
Joints  of  schists,  slates,  quartzites,  etc.  The  wells  are  generally  successful 
and  some  flow.  The  confinement  Is  ascribed  to  the  constriction  of  the 
Joints  and  a  partial  cementation  near  the  surface.  Dikes  are  to  be  avoided 
In  sinking  wells. 

009 Water  supply  from  glacial  gravels  near  Augusta,  Me. 

Water-Sup.  and  Irr.  Paper  no.  145,  IT.  8.  Geol.  Survey,  pp.  156-160. 

Gives  the  results  of  an  investigation  of  certain  ponds  and  springs  which 
it  was  proposed  to  utilise  for  water  supply.  It  was  found  that  the  ponds 
occupied  a  sort  of  gravel  basin  draining  underground  through  the  springs 
and  no  additional  supply  would  be  obtained  by  using  both  over  that 
obtained  from  the  springs  alone. 

610 Artesian  development  in  Washington,  Atanum-Moxee  Valley. 

Irrigation,  vol.  3,  no.  6,  pp.  6-7,  1  fig. 

Discusses  the  artesian  conditions  existing  in  the  Atanum-Moxee  Valley. 

611  Artesian  water  in  crystalline  rocks. 

Abstract :  Science,  new  ser.,  vol.  21,  pp.  224-225. 

Discusses  the  confinement  of  water  due  to  cementation  of  the  rock  fis- 
sures near  the  surface,  and  consequent  flowing  nnd  nonflowing  artesian 
wells  near  York,  Me. 

612  Smith  (Herbert  E.).     Report  on  investigation  of  river  pollution  and  water 

supplies. 

Twenty-seventh  Ann.  Rept.  State  Board  of  Health  of  Connecticut,  1904, 
pp.  217-231. 

Summarizes  work  of  analyzing  well  and  spring  water,  and  gives  many 
sanitary  analyses. 

613  Smith  (William  6.)  and  Meeker  (F.  N.).     Soil  survey  of  Sumter  County, 

Alabama. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp.  317- 
342,  1  map,  1  fig. 

Summarizes  distribution  of  artesian  wells  in  the  county  (p.  321). 

614  Smith   (William  Sidney  Tangier).    Lead,  zinc,  and  fluorspar  deposits  of 

western  Kentucky :  Part  II,  Ore  dei)osits  and  mines. 

Prof.  Paper  IT.  S.  Geol.  Survey  no.  36,  pp.  107-218,  8  pis.,  31  figs. 

Advocates  origin  of  the  deposits  through  agency  of  ore-bearing  solutions 
ascending  along  fault  planes  (pp.  150-154).  Mentions  sink  holes  and  ore 
deposition  along  faults  (pp.  172,  178)  and  unequal  penetration  of  lime- 
stone by  ore-bearing  solutions  (p.  178).' 

615 Water  resources  of  the  Joplin  district,  Missouri-Kansas. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  74-83. 

In  addition  to  the  discussion  of  general  underground-water  conditions, 
the  paper  describes  the  numerous  large  springs,  some  of  which  occur  on 
fault  lines,  and  the  deep  borings  for  ore  or  water,  one  of  which  is  2,005 
feet  deep.  Analyses  of  spring  and  well  waters  are  given.  The  waters  are 
often  contaminated  by  mine  waters. 

616  Smyth  (C.  H.,  Jr.).  Replacement  of  quartz  by  pyrite  and  corrosion  of 
quartz  pebbles. 

Am.  Jour.  Scl..  4th  ser.,  vol.  19,  pp.  277-285,  1  fig.,  1  plate. 

Discusses  the  agency  of  hot  alkaline  mineralized  solutions  in  the  replace- 
ment by  pyrite  of  the  quartz  pebbles  of  the  Oneida  conglomerate  in  central 
New  York. 
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617  Smyth  (H.  L.).    The  origin  and  classification  of  placers 

Eng.  and  Mln.  Jour.,  vol.  79,  pp.  1045-1046. 

Discusses  the  agency  of  underground  waters  in  the  decay  of  rocks  and 
the  alteration  of  ore  deposits.  , 

618  Snow  (T.  W.).    Water  softening  for  boiler  use. 

Jour.  West.  Soc.  Eng.,  vol.  10,  pp.  745-759,  9  figs. 

Gives  two  analyses  of  well  water  at  Bismarck.  Mo.  (pp.  748-749). 

619  Spencer   (Arthur  Coe).     The  magmatic  origin  of  vein-forming  waters  in 

southeastern  Alaska. 

Bimonthly  Bull.  Am.  Inst.  Eng.  no.  5,  pp.  971-978. 

Discusses  magmatic  waters  In  general ;  Includes  many  references  to 
similar  papers ;  ascribes  the  veins  of  southeastern  Alaska  to  the  agency  of 
magmatic  waters,  and  quotes  Lindgren  on  a  similar  origin  of  the  Cali- 
fornia gold-quartz  veins. 

620  — —  The  Treadwell  ore  deposits,  Douglas  Island. 

Bull.  V.  S.  Geol.  Survey  no.  259,  pp.  69-87. 

Mentions  the  part  taken  by  water  In  vein  alteration  (p.  84)  and  con- 
siders the  source  of  the  waters   (p.  86). 

621  Spoon  (W.  L.).    Building  sand-clay  roads  in  Southern  States. 

Yearbook  U.  S.  Dept.  Agr.,  1903,  259-266,  2  pis..  3  figs. 
Discusses  conditions  of  saturation  and  drainage  of  roads  due  to  dlffereot 
proportions  of  clay  and  sand  (pp.  260-261). 

622  Spurr  (Josiah  Edward).     Genetic  relations  of  the  western  Nevada  ores. 

Bimonthly  Bull.  Am.  Inst.  Mln.  Eng.  no.  5.  pp.  939-969. 
Discusses  the  agency  of  mineralized  underground  waters  In   the  forma- 
tion of  the  ore  deposits. 

623 Enrichment  in  fissure  veins. 

Eng.  and  Mln.  Jour.,  vol.  80,  pp.  597-598. 

Discusses  the  agency  of  ascending  and  descending  solutions  in  the  en- 
richment. 

624 Tonopah  mining  district  [Nevada]. 

Jour.  Franklin  Institute,  vol.  160,  no.  1,  pp.  1-20.  10  figs.,  1  map. 

Discusses  the  agency  of  circulating  mineralized  underground  waters  i£ 
the  formation  of  the  veins  and  ore  deposits ;  describes  the  channels  fol- 
lowed by  the  mineralized  solutions  and  the  alteration  and  siliclflcatSon  of 
the  country  rock ;  notes  the  irregularity  of  surface  oxidation  due  to  the 
fact  of  there  being  no  regular  ground  water. 

625  The  ores  of  Goldfield,  Xev. 

Bull.  U.  S.  Geol.  Survey  no.  260.  pp.  132-139. 

Notes  deposition  of  ores  by  hot  spring  action  (pp.  134-139). 

026 Developments  at  Tonopah,  Nev.,  during  1904. 

Bull.  U.  S.  Geol.  Survey  no.  200.  pp.  140-149. 

Describes  the  use  of  well  and  shaft  for  collecting  water  for  town  sup- 
ply and  considers  the  character  of  the  water  zone  (p.  141).  The  part  of 
water  In  vein  formation  and  alteration  is  also  noted  (p.  146). 

027  Geology  of  the  Tonopah  mining  district,  Nevada. 

Prof.  Paper  U.  S,  Geol.  Survey  no.  42,  295  pp.,  24  pis.,  78  figs. 

Discusses  alteration  of  andeslte  by  thei'nal  waters  (pp.  207-232)  and 
formation  of  mineral  veins  along  circulation  channels  (p.  83).  Dl«9ous»^ 
the  probable  nature  and  comiwsltlon  of  the  mineralizing  waters  (pp.  ?0. 
104.  227,  235-237,  250,  253-2(J0)  and  changes  in  composition  owing  to 
mineral  deposition  (pp.  235-237).  Describes  water  zones  (p.  107)  and 
Irregular  distribution  of  water  encountered  In  mines  (p.  105)  In  connet' 
tlon  with  porosity  and  absorption  (p.  107).  Discusses  the  origin  of  hoi 
and  cold  springs  (pp.  254-200) .  and  describes  solfataras  and  fumaroles 
(pp.  260-261).  nescrll>es  investljratlons  regarding  Increase  of  temperature 
with  depth  (pp.  20:J-2(>0).  Notes  the  formation  of  gypsum  by  oxidizing 
waters  (p.  94). 
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628  Spurr  (JoBiah  Edward)   and  Garry  (G.  H.).    Preliminary  report  on  ore 
deposits  in  the  Georget(»wn,  (Colorado,  raining  district. 
Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  99-120. 

Refers  briefly  to  the  part  of  water  in  ore  deposition  (pp.  113-115)  and  to 
the  depth  of  oxidation. 

(»29  Stanton  (Timothy  W.)  and  Hatcher  (J.  B.).  Geology  and  paleontology 
of  the  Judith  River  beds. 

Bull.  U.  S.  Geol.  Survey  no.  257,  pp.  1-66. 

Quotes  Grlnnell  and  Dana  on  action  of  water  in  producing  landslips  In 
Montana  (p.  34). 

g;K)  Steiner  (Charles  R.).  Impregnation  of  sand  and  gravel  deposits  with 
cement. 

Eng.  News,  vol.  53,  p.  447. 

Suggests  the  above  as  a  means  of  raising  the  water  table  In  Inclosed 
valleys. 

631  Stevens  (H.  L.).     Municipal  improvements  in  Sorsogon,  P.  I. 

Eng.  News,  vol.  531,  pp.  581. 

Describes  measures  taken  by  the  city  to  protect  the  spring  furnishing  Its 
water  supply. 

632  Stone    (Ralph  W.).     Mineral  resources  of  the  Klders   Ridge  quadrangle, 

Pennsylvania. 

Bull.  U.  S.  Geol.  Survey  no.  256,  86  pp.,  12  pis.,  4  figs. 

Gives  22  well  records  (Pis.  X,  XI,  p.  57)  ;  states  abundance  of  springs 
and  wells  (p.  79),  and  mentions  public  supply  taken  from  wells  (p.  79). 

6:^3  Description  of  Waynesburg  quadrangle  [Pennsylvania]. 

Geologic  Atlas  V.  S.,  folio  121,  V.  S.  Geol.  Survey,  12  pp. 
Gives  deep  well  records    (pp.  5,   11),  and  discusses  briefly  the  springs, 
wells,  and  water  supplies  of  the  quadrangle. 

(»34 Description  of  Elders  Ridge  quadrangle  [Pennsylvania]. 

Geologic  Atlas  U.  S.,  folio  1J>3,  V.  S.  Geol.  Survey.  10  pp. 
Describes  the  occurrence  of  springs  and  of  the  underground  waters  of 
the  Mahoning  and  Pittsburg  sandstones,  and  considers  the  sources  of  public 
supplies. 

(»35  Water  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  164-165. 

Describes  village  supplies  obtained  by  wells  in  sand  and  gravel ;  notes 
abundance  of  springs,  and  the  water-bearing  natui'e  of  the  Mahoning  and 
Pittsburg  sandstones. 

<».3r» Water  resources  of  the  Waynesburg  quadrangle,  Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  166-167. 

Describes  town  and  village  supplies  obtained  from  shallow  wells  In  rock 
and  gravel,  and  one  deep  well  used  by  a  cold-storage  company ;  mentions 
the  comparative  abundance  of  springs,  and  notes  the  water-bearing  nature 
of  the  Upper  Washington  limestone  and  the  Waynesburg  sandstone. 

(VM  Storms  (W.  H.).     A  noted  pyrite  deposit.     [Deadwood,  S.  Dak.] 
MIn.  and  Scl.  Press,  vol.  91,  pp.  290-291. 

The  mine  water  is  strongly  acid  and  highly  impregnated  with  copper 
salts. 

(»:i8  Stose  (George  W.).  Water  resources  of  the  Chnuibersburg  and  Mercers- 
burg  quadrangles,  Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  110,  TI.  S.  Geol.  Survey,  pp.  156-158. 
Describes   many  springs  from  limestone  and  sandstone  l)eds  furnishing 
water  supplies  for  public  and  private  use  and  health  resorts. 
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639  Stoee  (George  W.)  and  Martin  (George  C.)-    Water  resources  of  the  Paw- 

paw and  Hancock  quadrangles,  West  Virginia,  Maryland,  and 
Pennsylvania. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  5^-63. 

Considers  briefly  the  underground- water  conditions  in  the  area  and  givrs 
detailed  description  of  Berlceley  Springs,  including  their  history,  gcoiogk 
conditions,  development,  uses,  composition,  and  temperature  (p.  730).  Tbe 
water  is  considered  as  coming  from  a  depth  of  1,000  to  1,300  feet.  Ab 
analysis  of  the  water  is  given. 

640  Stout  (O.  v.  P.).     Pumping  plants  in  O)lorado,  Nebraska,  and  Kansas. 

Bull.  Ofilce  Kxp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158.  pp.  595-608. 
Describes  many  wells,  methods,  and  cost  of  pumping,  and  use  of  water  for 
irrigation. 

641  Irrigation  and  alkali. 

The  ofilcial  proceedings  of  the  Twelfth  National  Irrigation  Congnm  at 
El  Paso,  Tex.,  November  15-18.  1904,  pp.  311-317. 

Discusses  rise  of  water  table  due  to  irrigation,  and  consequent  injury  t>.> 
soils  in  alkali  regions. 

642  Strahom    (A.  T.),   Jensen    (Charles  A.)    and.     Soil   surrey  of  the   Bear 

River  area,  Utah. 

FMeld  Operations  of  the  Bureau  of  Soils,  1904,  U.  S.  Dept.  Agr.,  pp. 
995-1023,  3  maps,  1  fig. 

See  Jensen  (Charles  A.)  and  Strahorn  (A.  T.). 

643  Stretch  (R.  H.).    Formation  of  iron  pyrite  in  gravels. 

Eng.  and  MIn.  Jour.,  vol.  79,  pp.  238-239. 

Ascribes  the  origin  of  the  pyrite  to  deposition  from  circulating  Iroa- 
bearlng  waters. 

644  Student.    Ore  deposits. 

Eng.  and  Mln.  Jour.,  vol.  79,  p.  335. 

Discusses  the  agency  of  underground  water  in  the  formation  of  ore 
deposits. 

645  Sweet   (A.  T.),  Martin    (J.  O.)    and.     Soil  survey  of  the  Kearney  area. 

Nebraska. 

Field  Operations  of  the  Bureau  of  Soils,  1904,  U  S.  Dept.  Agr.,  pp. 
859-874,  1  pi.,  1  map,  1  flg. 

See  Martin  (J.  O.)  and  Sweet  (A.  T.). 

646  Swendsen  (G.  L.),  Hinderlider  (M.  C),  and  Chandler  (A.  E.).     Report 

of  progress  of  stream  measurements  for  the  calendar  year  19(4: 
Part  X,  Colorado  River  and  the  Great  Basin  Drainage. 

Water  Sup.  and  Irr.  Paper  no.  133,  U.  S.  Geol.  Survey,  384  pp. 

See  Hinderlider  (M.  C),  Swendsen  (Q.  L.),  and  Chandler  (A.  B.). 


647  Tail  (Joseph  A.).     Description  of  the  Tahlequah  quadrangle  [Indian  Ter- 

ritory and  Arkansas], 

Geologic  Atlas  U.  S.,  folio  122,  U.  S.  Geol.  Survey,  7  pp. 

Notes  occurrence  of  water  In  underground  channels.  Joints,  faults,  etc. 
of  Boone  and  Morrow  formations,  and  describes  sulphur  and  saline  sprlnps 
and  a  red  spring  deposit  (p.  7). 

648  Taft  (H.  H.).    Notes  on  southern  Nevada  and  Inyo  CJounty,  CUallfomia, 

Bimonthly  Bull.  Am.  Inst.  Mln.  Eng.  no  6,  pp.  1279-1298. 

Describes  springs  in  the  Amargosa  Desert  (pp.  1284-1285)  ;  deposition 
of  silica  from  springs  and  the  slliciflcation  of  the  country  rock  In  the 
Bullfrog  mining  district  (pp.  1287-1288)  ;  the  agency  of  undergronxid 
waters  in  the  deposition  of  the  ores  and  the  sillclflcatlon  of  the  coontrr 
rock  in  the  Goldfield  district  (pp.  1288-1289),  and  the  agency  of  under- 
ground waters  In  the  formation  of  hummocks  in  Death  Valley  (p.  1294). 
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649  Taft  (H.  H.).     Notes  on  southern  Nevada  and  Inyo  County,  California.     II. 

Mln.  and  Sci.  Press,  vol.  91,  p.  429. 

Describes  some  thermal  mineral  springs  in  the  Amargosa  Desert  and 
dtocusses  the  agency  of  water.  In  the  formation  of  the  ore  deposits  of  the 
Bullfrog  and  Goldfleld  mining  districts. 

050 Notes  on  southern  Nevada  and  Inyo  County,  California.     III. 

Mln.  and  Scl.  Press,  vol.  91,  pp.  447-448. 

Describes  the  agency  of  underground  water  In  the  so-called  "  self-rising 
ground  "  in  Death  Valley. 

(SI  Tait  (C.  E.).     Pumping  plants  in  Texas. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  341-346,  1  fig. 
Describes   various   wells  used   for  Irrigation,   and   methods  and   cost  of 
pumping. 

652 Rice  irrigation  on  the  prairie  land  of  Arkansas. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  545-565,  5  figs. 
Describes  experiments  on  use  of  wells  in  rice  irrigation,  giving  methods 
of  sinking  and  pumping  wells,  cost,  etc. 

653  Talbot  (A.  N.).     Corrections  necessary  in  accurate  determinations  of  flow 

from  vertical  well  casings. 

Abstract  of  notes :  Water-Sup.  and  Irr.  Paper  no.  110,  V.  S.  Geoi.  Sur- 
vey, pp.  43-44,  2  figs. 

Describes  certain  corrections  which  must  be  applied  to  figures  in  the  field 
tables  of  J.  E.  Todd  and  Charles  S.  Sllchter  when  refined  measurements  of 
flows  from  vertical  well  casings  are  desired. 

654  Taznura  (S.  Tetsu).     An  account  of  recent  meteorological  and  geo-physical 

researches  in  Japan. 

Monthly  Weather  Review,  vol.  33,  pp.  302-305. 

Reviews  papers  by  Dr.  K.  Honda  (Proc.  Tokyo  Physico- Mathematical 
Society,  vol.  2,  no.  6,  1903,  and  no.  9,  1904,  and  Publications  of  the 
Earthquake  Investigation  Committee,  no.  18,  1904),  explaining  daily  peri- 
odic changes  In  the  level  of  artesian  wells  in  Japan,  and  concluding  that 
the  fluctuations  are  due  largely  to  tides  acting  on  a  subterranean  air  res- 
ervoir (pp.  303-304). 

655  Tarbell  (Arthur).     Story  of  the  Simplon  tunnel. 

Technical  World  Magaslne,  vol.  3,  pp.  206-211,  6  figs. 
Describes  the  hot  springs  encountered  In  the  construction  of  the  tunnel 
between  Switzerland  and  Italy. 

656  Tarr  (Ralph  S.).     Water  resources  of  the  Watkins  Glen  quadrangle,  New 

York. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  134-140. 

Discusses  the  question  of  obtaining  water  supplies  from  wells  sunk  In 
the  deep  gravel-filled  valleys.  Describes  the  conditions  revealed  by  wells 
sunk  for  the  new  supply  at  Ithaca,  and  gives  sanitary  analyses  (pp.  136- 
140). 

fi57  Taylor  (Frank  B.).  Water  resources  of  the  Taconlc  quadrangle,  New 
York,  Massachusetts,  and  Vermont. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  130-133. 

Describes  a  mineral  spring,  giving  chemical,  sanitary,  and  gas  analyses, 
and  considers  Its  probable  deep-seated  origin  in  connection  with  a  promi- 
nent fault.  Mentions  the  relations  of  the  Dalton  artesian  wells  to  a  fault 
crack  (pp.  132-133). 

♦558  Taylor  (Thomas  U.).     Irrigation  in  Texas. 
Irrigation  Aid,  vol.  2,  no.  3,  p.  8. 
Describes  the  use  of  water  from  springs  and  artesian  wells  in  Irrigation. 
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659  Taylor  (Thomas  U.).    Modern  rice  irrigation. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Ooa 
El  Paso,  Tex.,  November  15-18.  1904,  pp.  330-336. 

Describes  briefly  a  shallow-well  plant  used  for  Irrigating  in  Texas  ipc. 
334-335). 

OftO and  Hoyt    (John  C).     Report  of  progress  of  stream  uieasuppiii«it* 

for  the  calendar  year  1904:  Part  IX,  Western  Gulf  of  Mexic-o  ami 
Rio  Grande  drainages. 

Water-Sup.  and  Irr.  Paper  no.  132,  U.  S.  Geol.  Survey.  132  pp. 

Describes  or  gives  discharge  of  Barton,  Kickapoo.  Lipan.  Mormon,  and 
two  Santa  Rosa  springs,  Texas  (pp.  43-45,  122,  127). 

661  Teele  (R.  P.).    Water  rights  on  interstate  streams:  The  Platte  River  and 

tributaries.    Results  of  investigation. 

Bull.  Office  Exp.  Sta.,  TJ.  S.  Dept.  Agr.,  no.  157.  pp.  9-95,  4  pl».,  3  lig». 

Discusses  return  seepage  to  the  river  In  Colorado  and  Nebraska  after  tb« 
application  of  its  water  to  land  for  Irrigation,  and  gives  results  of  expert 
ments  to  determine  amounts  (p.  47-58,  72). 

662  Review  of  the  irrigation  \^ork  of  the  year. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  1905,  pp.  19-75.  1  fig. 

Discusses  loss  of  canal  water  through  seepage  (pp.  23,  35—38)  :  return 
seepage  to  streams  from  irrigated  lands  In  Colorado.  Wyomlni;.  and 
Nebraska  (pp.  38-50)  ;  costs,  depths,  and  methods  of  pumping  artesiaa 
wells  used  for  irrigation  In  Texas  (pp.  55-50),  Arkansas  (p.  57).  Kans.i» 
(p.  67),  and  Colorado  (pp.  58-59).  Describes  use  of  windmills  for  pump 
Ing  wells  (pp.  01-03).  Describes  experiment  on  use  of  well  for  irrigation 
In  Arkansas  (p.  72). 

663  Tilton  (John  L.).     A  problem  in  municipal  waterworks  for  a  small  oitj'. 

Proc.  Iowa  Acad.  Scl.,  1904,  vol.  12,  pp.  143-150. 

A  general  discussion  of  the  underground-water  conditions  In  the  viclnftT 
of  Indianola,  Iowa,  including  quantity  available,  quality,  etc. 

6(>4  Tower  (Walter  S.).     The  geography  of  American  cities. 

Bull.  Am.  Geol.  Soc.  vol.  37,  pp.  577-588. 

Mentions  several  mineral  springs  about  which  resorts  have  grown  up. 
Hot  Springs,  Arkansas ;  Hot  Springs,  Virginia ;  Cambridge  Springs.  I'enn- 
sylvania.  and  Poland  Springs,  Maine,  are  noted. 

665  Trask  (F.  E.).  The  irrigation  system  of  Ontario,  Cal. — Its  deTelopmc^iit 
and  cost. 

Proc.  Am.  Soc.  Civil  Eng.,  vol.  31,  pp.  204-270,  pis,  29-32. 

Describes  the  tunnels,  artesian  wells,  and  saturated  gravel  lieds  whirL 
furnish  the  greater  portion  of  the  water  supply. 

066  Proi)osed   utilization   of   upland    flood    waters    to    Increase    available 

underground  waters. 
Eng.  News,  vol.  53,  p.  42. 

Suggests  that  the  flood  discharges  of  the  canyons  of  southern  Californl:i 
1)0  diverted  from  place  to  place  over  porous  sands  and  gravels. 


(MM  Udden  (Jon  Andreas).     Geology  of  Clinton  County. 

Ann.  Kept.  Iowa  Geol.  Survey,  1904,  vol.  15,  pp.  371-431,  2  pis.,  1  fig. 

Gives  numerous  well  records  (pp.  382-415)  :  mentions  use  of  well  water 
for  Clinton,  Iowa  (pp.  3S1-3K5,  429),  and  enumerates  the  Niagara  lime 
stone  and  St.  Peters  sandstone  as  water-bearing  horizons  (p.  429). 
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G68  TTlrlch  (Edward  Oscar).  Lead,  zinc,  and  fluorspar  deposits  of  western 
Kentucky :  Part  I — Geology  and  general  relations". 

Prof.  Paper  U.  S.  Geol.  Survey  Ho.  86,  pp.  1-105,  7  pU. 

Mentions  solution  of  limestone  by  underground  water  (p.  19),  and  pas- 
sage of  descending  water  and  formation  of  sink  holes  along  Joint  planes 
(p.  74). 

668  IT.  S.  Bureau  of  the  Genstis.  Census  of  tbe  Philippine  Islands,  taken 
under  the  direction  of  the  Philippine  Commission  in  the  year  1903, 
4  vols.,  V.  1.,  geography,  history,  and  population. 

610  pp.,  74  pis.,  7  maps,  13  figs. 

Describes  geologic  relations,  composition,  and  uses  of  mineral  springs, 
and  their  distribution  in  lines  parallel  with  axes  of  folding  (pp.  192-194). 
Describes  numerous  hot  springs  (pp.  216-244)  and  solfataras  (pp.  202- 
246). 

V. 

G70  Veatch  (Arthur  C).  General  plan  and  details  of  work  [of  collecting  well 
samples]. 

Bull.  U.  S.  Geol.  Survey  no.  264,  pp.  28-39. 

Descril)es  tbe  blanlcs  and  forms  used  in  collecting  well  samples  and  the 
method  of  shipping  them  by  mail  in  franked  bags. 

671  Louisiana  and  southern  Arkansas. 

Water-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  179-187,  3  figs. 

Describes  water-bearing  strata  In  the  various  Tertiary,  Cretaceous,  and 
Quaternary  formations.  Mentions  several  mineral  springs  in  Louisiana, 
and  lists  the  principal  publications  on  underground  waters  of  the  area. 

t'72 The  underground  waters  of  northern  Louisiana  and  southern  Arkansas. 

Bull.  Louisiana  Geol.  Survey  no.  1,  pp.  82-91. 

Describes  the  principal  water-bearing  horizons  and  geologic  occurrence 
of  artesian  water  in  this  region. 

G73  The  question  of  origin  of  the  natural  mounds  of  Louisiana,  Arkansas, 

and  Texas. 
Abstract :  Science,  new  ser.,  vol.  21,  pp.  310-311. 
Discusses  the  spring  and  gas  vent  theory  of  origin. 

074  Vermeule  (G.  C).     East  Orange  wells  at  White  Oak  Ridge,  Millburn  town- 
ship, Essex  County. 
Ann.  Kept.  New  Jersey  Geol.  Survey,  1904,  pp.  255-263,  2  figs. 

Gives  distribution,  yield,  analysis,  records,  and  .geological  section  of  city 
wells. 

675  Vernon  (J.  J.).  Irrigation  investigations  at  New  Mexico  Experiment  Sta- 
tion, M^silla  Park,  1904. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158,  pp.  303-317. 

Discusses  cost  of  irrigation  with  well  water  (pp.  311-316),  and  describes 
experiments  to  compare  cost  of  irrigation  by  well  and  by  river  waters  (pp. 
308-311).    Gives  table  of  temperatures  of  well  waters  (pp.  316-317). 

(176  Development  of  the  underflow. 

Irrigation  Age,  vol.  20,  p.  86. 

Describes  the  results  obtained  by  a  48-foot  well  put  down  at  the  Mesllla 
Park  Agricultural  Experiment  Station,  New  Mexico. 

677  Pumping  for  irrigation  in  New  Mexico. 

The  official  proceedings  of  the  Twelfth  National  Irrigation  Congress,  at 
El  Paso,  Tex.,  November  15-18,  1904,  pp.  351-355. 

Mentions  irrigation  from  pumping  shallow  wells  in  British  India  and 
deep  wells  in  California,  and  states  possibilities  elsewhere  (p.  351). 
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678  Voorhees  (Edward  B.)-  Irrigation  in  market-garden  districts  in  the  Tldn- 
ity  of  eastern  cities. 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept  Agr.,  no.  148*  17  pp.,  3  pis. 

Describes  irrigation  by  pumping  springs  on  Long  Island,  New  Yodc  *p. 
10),  at  Belmont,  Mass.  (p.  13),  from  wells  at  Arlington,  Mass.  <p.  12i. 
driven  wells  at  Watertown,  Mass.  (p.  13),  and  from  driven  wells  at  Vise- 
yard,  N.  J.  (pp.  14,  16). 

W. 

S79  Walcott  (Charles  Doolittle).    Twenty-fiftli  annual  report  of  the  Dlreciw 
of  the  United  States  Geological  Survey  [1903-1904]. 
Twenty-fifth  Ann.  Kept.  U.  8.  Geol.  Survey,  388  pp. 

Gives  the  mineral-water  production  for  1903  as  51,186,746  galloos. 
valued  at  $8,073,096.  Describes  the  organization  and  work  of  the  eastern 
and  western  sections  of  the  division  of  hydrology,  and  notes  work  of  the 
division  of  hydro-economics  on  the  composition  of  underground  waters.  A 
number  of  underground-water  Investigations  are  also  mentioned  In  c«i- 
nection  with  the  account  of  the  work  of  the  Reclamation  Service.  Tb^ 
general  work  of  the  division  of  hydrology  Included  investigations  of  the 
underground  waters  in  nearly  every  State  in  the  Union,  those  in  the 
eastern  portion  being  under  the  direction  of  M.  L.  Fuller,  and  those  In  the 
western  under  N.  H.  Darton.  About  75  geologists  were  engaged  in  under- 
ground-water investigations  during  the  year,  the  work  of  each  helng  out- 
lined in  the  report.  In  addition  to  the  general  studies  the  following  special 
investigations  are  mentioned :  Hot  springs  In  the  Yellowstone  National 
Park,  by  W.  H.  Weed ;  algous  growth  in  hot  springs,  by  W.  A.  Setchell ; 
physics  of  geysers,  by  William  Hallock ;  relations  of  underground  waters  to 
the  law,  by  D.  W.  Johnson,  and  experimental  Investigation  and  measure- 
ment of  underflow,  by  C.  S.  Slichter.  Lists  of  underground- water  publica- 
tions are  also  included. 

•o80 Tweuty-sixth  annual  rei)ort  of  the  Director  of  the  United  States  Geo- 
logical Survey  [1904-1905]. 

Twenty-sixth  Ann.  Rept.  U.  S.  Geol.  Survey,  322  pp. 

Gives  the  mineral-water  production  for  1904  as  67,718,500  gallons^ 
valued  at  $10,308,450  (p.  95).  Gives  the  allotments  for  hydrologic  InTeacil- 
gatlons  (p.  23),  notes  cooperative  arrangements  with  several  Statn 
(pp.  179-180),  Joint  wor.ks  with  geologic  branch  (p.  181),  and  InTestiga 
tlons  for  Reclamation  Service  (p.  202)  ;  describes  in  detail  the  work  of 
eastern  and  western  sections  of  the  division  of  hydrology  (pp.  178-210>. 
giving  lists  of  underground-water  publications.  The  general  work  of  the 
division  of  hydrology  Included  Investigations  in  nearly  every  State  in  thi» 
Union,  those  In  the  eastern  portion  being  in  charge  of  M.  L.  Puller  and 
those  in  the  western  in  charge  of  N.  II.  Darton.  About  75  geologists  were 
engaged  In  field  or  office  work  during  the  year,  the  work  of  each  being 
descrl]>ed  In  the  report.  In  addition  to  the  general  studies,  the  followinjr 
special  work  Is  described  :  Studies  of  thermal  springs  of  Georgia  and  Yel- 
lowstone National  Park,  by  H.  H.  Weed ;  experiments  on  and  measnre- 
ment  of  underground  currents,  by  C.  S.  Slichter;  fluctuations  of  wella^ 
by  A.  C.  Veatch ;  relation  of  underground  waters  to  the  law,  by  r>.  W. 
Johnson ;  bibliography  of  underground  waters,  collection  of  well  records 
and  samples,  and  work  of  division  of  hydro-economics  on  the  compoeltioB 
of  under jH'ound  waters.  In  connection  with  the  work  of  the  Reclamation 
Service,  underflow  Investigations  in  Kansas  (p.  266),  ground  waters  Id 
Carson  Valley,  Nevada  (p.  270),  and  salt  spring  in  Oklahoma  (p.  296). 
are  described. 

681  Waller  (O.  L.).     Equities  of  the  senior  irrigator. 

Irrigation  Age.  vol.  20,  pp.  331-334. 

Describes  the  excessive  losses  from  irrigation  ditches  by  seepage  tlirongh 
coarse  gravel  subsoils  In  the  Yakima  Valley,  Washington. 

682  Waring  (G.  A.).    The  pegmatite  veins  of  Pala,  San  Diego  County  [Calif,]. 

Am.  Geologist,  vol.  35,  pp.  356-376. 

Mentions  mineral  springs  and  gives  composition  (p.  365),  and  notes  the 
alteration  of  pegmatite  by  ground  waters  (p.  869). 
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683  Water  and  Forest.     Vested  rights  in  water  protected. 

Water  and  Forest,  vol.  5,  no.  1,  p.  6. 

Discussion  of  tbe  case  of  Newport  et  al.  t*.  Tbe  Temescal  Water  Com- 
pany, tried  in  a  superior  court  of  California.  The  plalntilT's  contention 
was  that  the  company  had  no  right  to  use  the  underground  water  of  the 
Perrls  Valley,  because  it  worked  to  their  (the  plaintifT's)  detriment.  The 
evidence  Is  reviewed.     Judgment  was  given  for  tbe  defendant  company. 

684  Watson   (Thomas  L.).    A  preliminary  report  on  tbe  bauxite  deposits  of 

Georgia. 

Bull.  Georgia  Geol.  Survey  no.  11,  160  pp.,  12  pis.,  3  figs,  and  map. 

Discusses  agency  of  heated  waters  In  formation  of  bauxite  (pp.  15, 
20-22,  123-125),  theory  of  Hayes  in  regard  to  origin  due  to  action  of 
waters  (pp.  20-22,  12^125,  129).  Mentions  percentage  of  water  in  com- 
position of  various  minerals  (pp.  37-54,  84-85),  and  gives  probable  chem- 
ical reactions  (pp.  123-125,  129).  Mentions  water  in  quarries  and  veins 
(pp.  62,  66,  83,  108). 

685  Weed  (Walter  Harvey).    Absorption  in  ore  deix)sition. 

Eng.  and  Mln.  Jour.,  vol.  79,  p.  364. 

Discusses  tbe  power  possessed  by  clays,  etc.,  of  extracting  metals  from 
mineral-bearing  solutions  seeping  In  from  fissures. 

(>86 Notes  on  the  gold  veins  near  Great  Falls,  Maryland. 

Bull.  U.  S.  Geol.  Survey  no.  260,  pp.  128-131. 
Notes  relations  of  water  level  to  the  mines. 

687 Economic  value  of  bot-spring  deposits. 

Bull,  U.  8.  Geol.  Survey  no.  260,  pp.  698-604. 

Notes  the  use  of  springs  in  general  for  bathing,  heating,  as  source  of 
carbon  dioxide,  borax,  and  other  chemicals,  and  for  medicinal  purposes. 
The  use  of  artesian  wells  for  heating  in  Idaho  and  Montana  Is  also  men- 
tioned. Among  the  spring  deposits  noted  are  tufa  geyserite,  cinnabar  (in 
Nevada  and  California),  copper  (Java),  tin  (Malay  Peninsula),  stlbnlte,  etc. 
(Steamboat  Springs,  Nevada),  manganese  oxide,  limonite,  realgar,  orpl- 
ment,  etc.  (Yellowstone  National  Park),  and  limonite  and  travertine 
(Montana)  (pp.  60(V-601).  Describes  Anaconda  Hot  Springs,  Montana 
(p.  600),  the  gypsum  veins  and  waters  at  Hunters  Hot  Springs,  Montana 
(p.  601),  and  the  use  of  the  water  In  baths,  "^he  fissure  origin  of  the 
springs  is  shown,  their  yield  stated,  and  analyses  given   (pp.  602-604). 

(>88  Notes  on  certain  hot  springs  of  tbe  southern  United  States. 

Water-Sup.  and  Irr.  Paper  no.  145,  U.  S.  Geol.  Survey,  pp.  185-206. 

Discusses  the  occurrence  and  geologic  relations  of  hot  springs  in  the 
United  States  and  describes  In  detail  the  Warm  Springs  from  the  quartzltes 
at  Pine  Mountain,  Georgia,  and  the  Hot  Springs  of  Arkansas.  The  dis 
cusslon  of  the  latter  Is  unusually  complete  and  Includes  a  consideration  of 
the  geology,  topography,  history,  composition,  tufa  deposits,  discharge, 
source  of  heat,  permanency,  etc.,  of  the  springs.  Analyses  of  the  Georgia 
and  Arkansas  waters  and  of  the  tufa  deposits  of  the  latter  locality  are 
given. 

(\S0  Weeks  (Fred  Boughton),  New  York. 

W^ater-Sup.  and  Irr.  Paper  no.  114,  U.  S.  Geol.  Survey,  pp.  82-92,  1  pi. 

Describes  underground  waters  in  pre-Cambrlan  rocks.  In  Cambrian  lime- 
stones and  slates,  in  Ordovician  limestones  and  slates,  in  Silurian  sand- 
stones and  shales,  in  Devonian  limestones,  shales,  and  sandstones,  in  Tri- 
asslc  sandstone,  and  In  Cretaceous  beds  and  drift.  Tabulates  the  pro- 
duction, character,  and  use  of  the  mineral  springs  of  the  State.  Gives 
bibliography. 

690  Weidman  (S.).    Iron  ores  of  Wisconsin. 

Eng.  and  Mln.  Jour.,  vol.  70,  pp.  610-612,  2  figs. 

This  article  Is  an  abstract  from  a  paper  which  appeared  in  the  Wisconsin 
Engineer,  vol.  9,  by  Dr.  8.  Weidman.  Discusses  the  occurrence  of  ground 
water  in  the  crystalline  and  sedimentary  rocks  of  the  Baraboo  district. 
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C91  West  (H.  B.).     Mining  iu  Nicaragua. 

MIn.  Magazine,  vol.  11.  pp.  509-514,  2  figs. 

Notes  the  occurrence  of  hot  water  in  the  mines  at  Santa  Firancisca  aoJ 
San  Lnls,  and  suggests  that  the  deposits  are  of  solfataric  origin. 

692  Whipple  (George  C).     The  water  supplies  of  the  New  York  MetropolitaD 

,      District  with  special  reference  to  their  purification. 

.Tour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  451—173,  12  figs. 

Considerable  space  is  devoted  to  the  description  of  the  undergroaad- 
water  resources  of  this  region  and  the  methods  of  development.  The  qnal 
ity  of  the  ground  water,  its  relation  to  certain  filter  plants,  etc.,  is  also 
given. 

693  [Purification  of  well  water.] 

Jour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  549-561. 
Describes  the  use  of  copper  sulphate  in  the  purification  of  well  water  ia 
New  Hampshire. 

694 and  Levy   (E.  C).     Tlie  Kennebec  Valley  typhoid-fever  epidemic  of 

1902-1903.     [Maine.] 

Jour.  New  England  Waterworks  Assoc,  vol.  19,  pp.  163-214,  7  flsa. 

Notes  the  use  of  a  spring-water  supply  known  as  the  Derlne  water  ia 
Augusta  (p.  168),  and  the  Uallowell  spring  water  at  Togus  (p.  185)  ;  dis- 
cusses the  relations  of  springs  and  wells  to  the  epidemic  (pp.  173-17-^, 
176,  181,  195,  201). 

695  Whistler  (J.  T.),  Boss  (D.  W.),  and  Noble  (T.  A.).     Report  of  progress 

of  stream  measurements  for  the  calendar  year  1904:    Part  XII. 
Columbia  River  and  Puget  Sound  drainage. 

Water-Sup.  and  Irr.  Paper  no.  135,  U.  S.  Geol.  Survey,  300  pp. 

See  Ross  (D.  W.),  Whistler  (J.  T.),  and  Noble  (T.  A.). 

696  Whitby  (J.  E.).     Shall  we  all  die  of  thirst? 

Scl.  Am.  Supp.,  vol.  60,  no.  1542,  p.  24707. 

Makes  a  statement  that  water  springs  and  water  beds  are  slowly  dry- 
ing up. 

697  Whitney  (Francis  L.).     The  new  artesian  water  supply  at  Ithaca,  N.  Y. 

Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  Geol.  Survey,  pp.  55-«4,  1  pL. 
1  flg. 

Describes  deep  wells  sunk  in  gravels,  sands,  and  clays  in  the  valley  of 
Cayuga  Inlet  above  Ithaca,  and  discusses  the  source  and  geologic  occur- 
rence of  the  supply.     Gives  well  records  and  analyses. 

698  Whitney  (Milton).     Report  of  tlie  Chief  of  the  Bureau  of  Soils. 

Ann.  Rept.  for  the  year  ending  June  30.  1904,  U.  S.  Dept.  A^^.,  pp. 
241-269. 

Mentions  irrigation  by  pumping  artesian  wells  In  California  (p.  245'. 
injurious  effect  of  subirrigatlon  In  Colorado  (p.  246),  and  irrigation  \j 
artesian  wells  and  springs  in  Texas  (p.  255).  Summarises  injury  of 
alkali  lands  through  rise  of  seepage  water  due  to  Irrigation,  and  work  nf 
reclamation  of  alkjill  lamds  by  underdrainage  In  Utah,  California,  Washing- 
ton, Arizona,  and  Montanr.  (pp.  257-261). 

699  Wickson  (E.  J.).     Irrigation  in  fruit  growing. 

Irrigation  Aid,  vol.  2,  no.  .3,  pp.  12-13. 

Devotes  one  column  to  a  discussion  of  the  development  of  the  underflov 
of  streams  for  use  in  irrigation. 

700  Wiel  (Samuel  C).     Water  rights  in  California. 

MIn.  and  Sci.  Press,  vol.  90,  pp.  6-8,  25-26. 

Contains  many  references  to  cases  dealing  with  legal  questions  regmrdlsf 
underground  waters. 
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701  Wilder  (F.  A.).    The  lignite  of  North  Dakota  and  its  relation  to  Irrigation. 

Water-Sup.  and  Irr.  Paper  no.  117,  U.  S.  Geol.  Survey,  59  pp. 
Mentions  several  springs  giving  rise  to  creeks  (p.  31). 

702  Wile  (William  H.,  Jr.).    The  Escalante  Desert  [Utah]. 

Irrigation  Age,  vol.  21,  pp.  17-20. 

Notes  the  existence  of  vast  quantities  of  alkali  water  underlying  this 
desert. 

703  Wiley  (A.  J.).    Masonry  dam  for  the  Granite  Springs  reservoir,  Cheyenne, 

Wyo. 

Eng.  Rec,  vol.  51,  pp.  698-701,  7  figs. 

Contains  a  description  of  a  submerged  dam  6  miles  above  the  city  Inter- 
secting the  underflow  of  Crow  Creek,  and  of  a  system  of  infiltration  gal- 
leries beneath  the  bed  of  the  creek  above  the  dam.  Notes  seepage  through 
the  new  masonry  dam  erected  for  the  storage  of  flood  flows. 

704  Wiley  (H.  W.f,    Experiments  In  the  culture  of  sugar  cane  and  its  manu- 

facture into  table  sirup. 

Bull.  Bureau  of  Chem.,  U.  S.  Dept.  Agr.,  no.  93,  7S  pp.,  5  pis.,  6  figs. 
States   production   and   quality   of   water   from   well   at    Waycross,    Ga. 
(p.  46). 

705  Willard   (Daniel  E.),  Hall   (Charles  M.)   and.    Description  of  Casselton 

and  Fargo  quadrangles  [North  Dakota  and  Minnesota]. 
Geologic  Atlas  U.  S.,  folio  117,  U.  8.  Geol.  Survey,  7  pp. 
See  Hall  (Charles  M.)  and  Willard  (Daniel  E.). 

706  Williams  (Ira  A.).    Geology  of  Jasper  County. 

Ann.  Rept.  Iowa  Geol.  Survey,  1904,  vol.  15,  pp.  279-367,  12  figs.,  2  maps. 

Estimates  proportion  of  rainfall  absorbed  by  rock  and  soli  (p.  295)  :  gives 
well  records  (pp.  306-363)  ;  discusses  distribution  of  springs  and  flowing 
wells  (pp.  360-363)  ;  gives  chemical  and  sapitary  analyses  of  water  from 
gravel  (p.  362)  and  from  St.  Louis  and  Maquoketa  beds  (p.  3Q1)  ;  de- 
scribes various  mineral  waters,  some  carbonated ;  gives  analysis  of  calcic- 
sal  Ine-chalybeate  water  (pp.  363-365)  ;  and  summarises  therapeutic  value 
of  mineral  waters  In  general   (pp.  365-366). 

707  Willis  (Bailey).    Geological  researches- in  eastern  Asia. 

Yearbook  Carnegie  Institution  of  Washington,  no.  3,  1904,  pp.  275-291. 
Mentions  an  artesian-water  Investigation  made  by  him  at  Peking,  and 
suggests  possibility  of  supplying  the  city  from  this  source  (p.  290). 

T08  Wilson  (James).    Report  of  the  Secretary  of  Agriculture  1905,  132  pp. 

Summarises  work  of  reclaiming  alkali  lands  by  underdralnage  In  Utah, 
Montana,  Washington,  and  California   (pp.  79-80). 

709 Report  of  the  Secretary. 

Yearbook  U.  S.  Dept.  Agr.,  1904,  pp.  9-118. 

Mentions  storage  of  water  by  forests  (p.  IvI).  Describes  work  of  re- 
claiming alkali  lands  by  underdralnage,  and  injurious  effect  of  Irrigation 
through  raising  the  ground-water  level  and  water-logging  wide  areas 
(pp.  Ixxil-lxxlv).  Descrlt)es  Irrigation  by  pumping  and  mentions  kinds  of 
pumps   (p.  evil). 

710  Winchell  (N.  H.).    Deep  wells  as  a  source  of  water  supply  for  Minneapolis. 
Am.  Geologist,  vol.  35,  pp.  266-291. 

Discusses  artesian  conditions  In  the  drift  and  rock  basins  and  gives 
maps  of  basins  and  wells.  The  St.  Peter  sandstone,  Shakopee  tlssured 
limestone,  and  New  Richmond,  Jordan,  and  Hinckley  sandstones  constitute 
the  water  horizons,  all  but  the  last  two  yielding  good  water.  The  rate 
and  cost  of  drilling,  capacity  of  wells,  composition  of  water,  and  supplies 
of  St.  Paul  and  Winnipeg  are  also  considered.  States  that  term  "  arte- 
sian **  is  used  locally  for  any  deep  well,  but  recommends  restricting  It  to 
■    flows. 

IBB  163—06 6 
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711  Winchell  (N.  IL).    The  Willamette  meteorite. 

Am.  Geologist,  vol.  36,  pp.  250-257. 

In  a  footnote  the  author  mentions  the  occurrence  of  corroded  linwstaw 
which  he  escribes  to  the  action  of  sublacustrine  springs.  In  Thunder  Baj. 
Lake  Huron,  Michigan  (p.  255). 

712  Winslow   (C.  E.  A.).    A  winter  visit  to  some  sewage-disposal  pUnt^  n 

Olilo,  Wisconsin,  and  Illinois. 

Jour.  Assoc.   Eng.  Soc,  vol.  .34,  pp.  335-361,  10  figs. 

In  the  discussion  accompanying  this  article,  Mr.  X.  H.  Goodnoagh  ztuf^ 
the  increased  lealiage  of  ground  water  into  sewers  in  the  early  spr.c: 
(pp.  352-353). 

713  Witt  (Otto  N.).     The  origin  of  coal  and  of  carbonated  spring  waters. 

Sci.  Am.  Supp.,  vol.  60,  p.  24791. 

Discusses  the  theory  tliat  water  and  carbon  dioxide  of  certain  sprtar* 
is  due  to  the  internal  combustion  of  buried  organic  matter. 

714  Wittmann    (Ernest).     The  geological   and  toix>grapbical   features  of  ta^ 

city  of  Monterey,  Nuevo  Leon,  Mexico,  and  its  vicinity. 

Am.  Geologist,  vol.  35,  pp.  171-179. 

Notes  the  occurrence  and  movement  of  water  in  gravels,  the  morl  - 
being  sometimes  visible  in  shallow  wells  (p.  174).  Mentions  a  2.U«'-r-* 
well  which  failed  to  get  water.  Describes  rise  of  hot  sulphur  water  ali-a. 
fissure  from  an  estimated  depth  of  3.000  feet,  the  rise  being  aacrHM^i  t 
"pressure  exercised  by  the  expansion  of  the  heated  water  Itself"  ip.  lT«v 

715  Wood  (B.  D.),  Hoyt  (John  C.)  and.     Index  to  the  bydrographic  progrv^* 

rei>orts  of  the  United  States  Geological  Survey,  1888-1903. 
Water-Sup.  and  Irr.  Paper  no.  110,  U.  S.  (Jeol.  Survey,  253  pp. 
See  Hoyt   (John  C.)  and  Wood  (B.  D.). 

710  Woodbridge  (Dwight  E.).    The  Mesabi  ii*on-ore  range.    (X.)    [Minne;5«»ta 
Eng.  and  Min.  Jour.,  vol.  79,  pp.  698-700,  2  figs. 

This  part  (the  tenth)  contains  a  discussion  of  the  agency  of  ucd'* 
ground  waters  In  the  formation  of  the  deposits. 

717  Woodman  (Alpheus  G.),  Richards  (Ellen  H.)  and.     Air,  water,  and  t»*. 

from  a  sanitary  standi)oint. 

New  York  and  London,  1904,  262  pp.,  13  flgs.,  1  map. 
See  Richards  (Ellen  H.)  and  Woodman  (Alpheus  G.). 

718  Woodward  (S.  M.).     Cost  of  pumping  for  irrigation. 

Bull.  rniv.  of  Ariz.  Agric.  Exp.  Sta.  no.  49,  pp.  4o7-469. 
Describes   pumping  plants  at  several  dug  and  drilled    wells,   and  pvr»- 
results  of  investigations  regarding  cost. 

719  Wright  (A.  E.)  and  Collins  (A.  B.).     Irrigation  near  Garden,  Kans.,  U*- 

Bull.  Office  Exp.  Sta.,  U.  S.  Dept.  Agr.,  no.  158.  pp.  585-594. 
Describes  methods  of  obtaining  irrigating  waters  by  means  of  wells  .r* 
the  "  underflow,"  and  descrlt)es  methods  of  pumping  by  windmills. 

720  Wright  (Fred  Eugene).     Rei)ort  of  progress  in  the  Porcupines. 

Ann.  Kept.  Michigan  (Jeol.  Survey.  1903,  pp.  3.3-44. 

Describes  occurrence  of  springs  in  connection  with  faulting  (pp.  3Ji.  4' 
mentions  disappearance  of  streams  below  ground  (p.  41),  and  their  or. 
in  mountain  springs   (p.  43). 

Y. 

721  Yale  ((Umrlcs  (4.).     Borax. 

Mineral  Uesourtcs  V.  S.  for  1904,  IT.  R.  Geol.  Survey,  pp.  1017-1O2K 
Notes  the  location  of  an  artesian  well  near  Borax  I^ice.   I^ke  «>='- 
(^al.     The  artesian  water  so  diluted  the  waters  of  the  lake  that  the  m*" 
Jacture  of  borax  from  the  lake  water  became  unprofitable  (p.  1017 », 
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Absorption  of  rainfall,  243,   706. 
Absorption  of  water  by — 
Caves,  Wyoming,  108. 
Gravel  and  sand  : 

California,  60,  331,  666. 

Idaho,  313. 

Massachusetts,  80. 

Nevada,  25,186. 

Oklahoma,  228a. 

Persia,  301. 

Turkestan,  541. 
Limestone : 

Cuba,  196. 

Georgia.  441. 
Rocks  In  general : 

Arizona.  405. 

Iowa,  706. 

Louisiana,  256. 

Michigan,  211. 

General,  110,  286. 
Soils : 

Iowa,  706. 

General,  243. 
Absorption  of  water  of — 

Borings,  by  gravel,  Massachusetts,  80. 
Ponds,  Michigan,  285. 
Streams : 

Arkansas,  544. 
"     California.  60,  455. 

Idaho,  313. 

Michigan,  720. 

Nevada,  25, 180. 

Oklahoma,  228a. 

I'ersla,  301. 

Turkestan,  541. 

Wyoming,  108. 
Alabama. 

Artesian  system,  606. 

Bibliographies  containing  references  to 

underground  waters,  89,  204,  200. 
Brines,  606. 
Circulation     of    underground    waters, 

606. 
Mineral  springs,  list  of,  606. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore    deposits,     part    of    underground 
waters  in  formation  of,  40,  49. 


Alabama — Continued. 

Principal  publications : 

List    of   deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  606. 
Solution  features,  606. 
Springs,  descriptions,  49,  250,  606. 
Underground  waters,  occurrence  of : 
Formations : 

Butaw,  606. 
Grand  Gulf,  606. 
Hatchetlgbee,  606. 
Knox,  606. 
LIgnitic,  606. 
Ripley,  606. 
Tuscaloosa.  606. 
Systems : 

Cambrian,  606. 
Carboniferous,  606. 
Cretaceous.  606. 
Tertiary,  606. 
Water  table,   relation   to  character  of 

ore  deposits,  607. 
Wells : 

Descriptions : 

Artesian  wells.  606.  613. 
Wells  In  general,  89,  407,  606. 
^  Distribution,  613. 

!  Records,  49,  407. 

Statistics,  89,  407. 
Alaska. 

Blows  of  water  and  gas,  424,  425. 
Faults,     relation    of,    to    underground 

waters,  424. 
Mine  waters,  44. 
Seepage,  424,  425. 
Springs  containing  gas  and  oil,  424. 
Underground  waters  In  oil  wells,  424, 

425. 
Underground  waters,  part  of.  In  forma 
tlon    and    alteration    of    veins,  619. 
620. 
Well  records.  424,  425. 
Algae,  occurrence  of,  in  hot  springs,  679. 
Algeria. 

Wells : 

Composition,  346. 
Construction,  346. 
Descriptions,  346,  494,  528. 
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Algeria — Continued. 
Wells — Continued. 

History  of  artesian  boring,  346.  • 

Use  for  irrigation.  494,  528. 
Algonlcian    system.     See    Underground    wa- 
ters, occurrence  of,  pre-Cambrian. 
AllcaU. 

Effect  of  seepage  on,  283,  698. 
Relation  to  rise  of  water  table,  709. 
Allcali  lands,  underdrainage  of,  709. 
AlVali  waters,  occurrence  of,  Utah,  702. 
Alluvium.     See  Underground  waters,  occur- 
rence of. 
Alteration.     See  Underground  waters,  work 

of. 
Analyses,  yalue  of,  435,  558a. 
Analyses  of  water  of — 

Collecting  tunnels,  California,  408. 
Gravel,  Iowa,  706. 
Maquoketa  formation,   Iowa,   706. 
Mine  waters : 

Mexico,  68. 

Nevada,  552.  554.  555. 

Pennsylvania,  341. 
Mineral  waters : 

Cuba,  196. 

Iowa,  706. 
St.  liouis  formation,  Iowa,  706. 
Springs : 

Arizona,  403. 

Arkansas,  688. 

Colorado,  264. 

Connecticut,  612. 

Cuba,  196. 

Georgia,  440,688. 

Indiana,  27. 

Kansas,  615. 

Maine,  18. 

Massachusetts,  657. 

Missouri,  409,  413,  520,  592,  615. 

Montana,  687. 

Nevada,  399. 

New  Jersey,  371. 

New  York,  281. 

Oklahoma,  184,  228a. 

Pennsylvania,  58. 

Vermont,  532. 

Washington,  379. 

West  Virginia,  639. 

Wyoming,  87. 

General,  72., 
Triassic  system,  Connecticut,  195. 
Wells : 

Arizona.  385,  387. 

Colorado,  87. 

Connecticut,  195,  612. 

Cuba,  196. 

Georgia,  440. 

Indian  Territory,  244. 

Indiana,  27. 

Iowa.  365,  518. 

KanRas.  87,  Glti. 

Louisiana,  256. 

Massachusetts,  195,  545. 

Michigan,  70,  146,  211. 

Mississippi,  411. 


Analyses  of  water  of — Continued. 
Wells — Continued. 

Misouri,  520,  577.  615.  61& 
New  Jersey.  674. 
New  Mexico,  354. 
New  York,  656,  697. 
North  Dakota,  370. 
Oklahoma,  184,  228a,  244. 
South  DakoU,  86. 
Washington,  379. 
Wyoming,  86. 
Underground  waters  In  general: 
California,  455. 
New  York.  546. 
Sahara,  345. 
Texas,  603. 
Analysis  of  underground  water,  method  -4 

390,  558a. 
Aqueo-igneous  fusion,  work  of  nDdergr&jsd 

waters  in,  56. 
Arapahoe      formation.      See      Undergnras' 

waters,  occurrence  of. 
Arbuckle      limestone.      See       ITndergroaci 

waters,  occurrence  of. 
Argentine    Republic,     use     of     imdergroasd 

water,  irrigation,  76. 
Arikaree      formation.      See       UDderground 

waters,  ocurrence  of. 
Arisona. 

Absorption  of  water  by  rocks,  40r>. 
Bibliography    of    publicatioDS    relitiK 

to  underground  waters,  204. 
Magmatic  waters,  work  of,  405. 
Mine  waters,  405. 
Mineral  waters,  production  and  -nhr 

100,  527. 
Ore    deposits,     part    of     undergrousd 
water  in  formation  of,   78. 401,44>' 
Principal  publications : 
Clifton  folio.  403. 
Copper  deposits  of  Cllfton-Mor«- 

district,  405. 
List  of  deep  borings  in  the  I'nit^ 

States,  89. 
Underground  waters  of  Salt  Rirrr 
valley,  387. 
Seepage  investigations,  273,  3S5. 
Seepage  waters,  occurrence  of.  2Js3. 
Solution  features,  90. 
Springs : 

Mineral    springs,  descriptions.  4i>:- 
Thermal  springs : 
Deposits,  330. 
Descriptions,  403. 
Other  springs: 

Analyses,  403. 
Descriptions.  405. 
Distribution,  403. 
Underdrainage  of  alkali  lands,  GD<. 
Underflow,  measurement  of,  3S7. 
Underground    streams    and    channeli- 

288,  387. 
Underground  waters: 
Circulation,  78.  405. 
Composition,  387,  405. 
DepoBiU,  387. 
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Arixona — Continued. 

Underground  waters — Continued. 
Depth.  403,  405. 
Movement,  405. 
Occurrence,  283,  387. 
Temperature,  405. 
Work  of : 

Alteration    of    ore    deposits, 

403. 
Cbalcocltlsatlon,  405. 
Leaching,  188. 
Metamorphlam,  405. 
MetaaomatostB,  405. 
Uses  of  underground  waters : 

Mine  waters,  water  power,  330. 
Wells : 

Irrigation,  387. 
Power,  288. 
Vlens,   part  of  underground   water   In 

formation  of,  403. 
Volcanic  water,  403. 
Water  table: 
Depth,  386. 
Description,  387. 
Fluctuation,  387. 
Map,  387. 
Wells : 

Analyses,  885,  387. 
Cost  of  pumping,  387. 
Depth,  385. 

Descriptions,  288,  887. 
Records,  407. 
SUtistics,  89,  387,  407. 
Arkansas. 

Absorption  of  water  of  streams,  644. 
Bibliographies  containing  references  to 

underground  waters,  89,  204,  542. 
Brines,  672. 
Mine  waters,  75. 
Mineral  springs,  list  of,  642. 
Mineral  waters,  production   and  value, 

100,  627. 
Ore     deposits,   part     of     underground 

waters  in  formation  of,  684. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Radio-active  properties  of  waters 
of  springs  on  Hot  Springs  Res- 
ervation, 29. 
Underground    waters    of    eastern 

United  SUtes,  542,  671. 
Underground    waters    of   northern 
Louisiana     and     southern     Ar- 
kansas, 672. 
Water    resources    of    the    contact 
region    between    the    Paleosolc 
and   Mississippi   embayment  de- 
posits    in     northern     Arkansas, 
644. 
Water    resources    of    the    Joplin 
district,  Missouri-Arkansas,  615. 
Water   resources   of   the   Wlnslow 

quadrangle,  543. 
Water     supplies     of     the     Osark 
region,  2. 


Arkansas — Continued. 

Solution  features,  2,  642. 
Spring^ : 

Mineral  springs,  642,  647. 
Thermal  springs: 

Composition,  688. 
Blfect  on  health,  490. 
Geologic  relations,  688. 
Origin,  684. 
Other  springs : 
Analyses,  688. 
Composition,  490,  643. 
Deposits,  29,  647,  688. 
Descriptions,  542,  543. 
Discharge,  29,  210.  688. 
Geologic  relations,  2. 
Origin,  684. 

Radio-active  properties,  29. 
Temperatures,  29,  688. 
Uses,  2. 
Underflow,,  description,  604. 
Underground  channels,  646. 
Underground  waters: 
Circulation,  2,  542. 
Composition,  642,  544. 
Movement,  604. 
Occurrence : 

Descriptions,  644,  646. 
Formations : 

BatesvlUe,  642,  644. 
Bingen,  542,  671,  672. 
Boone.  542.  543.  544,  647. 
Catahoula,  542,  671,  672. 
Cockfleld.  672. 
Grand  Gulf,  672. 
Hall.  543.      ^ 
Morrow,  544,  647. 
Nacatoch,  642,  671,  672. 
Pentremital.  542. 
Pitkin,  543,  644. 
Sabine,  542.  671,  672. 
Wlnslow,  643. 
Systems : 
•  Cretaceous.  671. 

Ordovlclan.  542.  544. 
Tertiary.    642,  544,  671, 
672. 
Work  of: 

Metasomatosls,  684. 
Solution,  212. 
Uses  of  underground  waters : 
Springs,  for  resorts,  664. 
Wells: 

Boilers,  542. 
Ice  plants,  542. 
Public  supplies,  542. 
Wells : 

Capacity,  644. 
Construction,  542,  652. 
Cost,  652. 
Descriptions,  89,  407. 

Artesian  wells,  594.  672. 
Other  wells,  642,  643. 
Pumping,  652. 
Records,  407. 
Statistics,  89,  407. 
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Arsenic,   occurrence   In  spring  water,    Mex- 
ico. 500. 
Artesian  areas. 

CalifornJa,  451,  455,  457. 
Florida,  201. 
Micbigan,  70. 
Minnesota.  248. 
New  Mexico,  304. 
New  South  Wales,  535. 
New  York,  697. 
Oregon,  569. 
Artesian  boring  In  the  Sahara,  history,  346. 
Artesian   conditions. 
California,  26. 
Colorado,  87,  376. 
Kansas,  87. 
Michigan,  206. 
Minnesota,  710. 

Missouri   and   adjacent   States,  594. 
Nebraska.  87. 
Nevada,  25. 
New  Mexico.  304. 
New  York.  206. 
Oklahoma,  228a. 
Oregon,  509. 
Penns3'lvanla,  58. 
South  Dakota,  86,  87. 
Turkestan,  300. 
Washington,  51,  610. 
West  Virginia,  8. 
Wyoming,  86,  87^ 
General,  431. 
Artesian    pressures,    measurement    of.    190. 

208. 
Artesian    prospects.     See    also    Well    pros- 
pects. 

China,  707. 
Maryland,  426. 
New  Mexico,  354. 
West  Virginia,  427. 
Artesian  requisites. 
Louisiana.  256. 
Washington.  51. 
Wisconsin.  170.  * 

Artesian   systems,   Alabama.   606. 
Artesian     water.      See     also     Underground 
waters. 

Definition,  383. 
Essential  conditions  for.  lO.l. 
Folios  relating  to,  262. 
General  description,  411. 
Maps : 

California.  452,  453,  454. 

Minnesota,  247,  248,  710. 

Montana,  94. 

North  Dakota,  247. 

South  Dakota,  86,  94. 

Wyoming,  86,  94. 
Occurrence  of,  In  crystallne  rocks  : 

Connecticut,  580. 

Maine.  611. 
Occurrence  of,  descriptions : 

California,  547. 

China,  299. 

Indiana,  20. 

Kentucky,  7. 

Louisiana,  256. 


Artesian  water — Continued. 

Occurrence  of,  descriptions — Cont'd. 
Maine.  18. 

Massachusetts,  79,  80. 
New  Mexico,  309. 
New  York,  224. 
South   Carolina,  226. 
Texas.  559. 
I'tah,  34. 
Occurrence    of.    In    u  neon  lined    strata. 
189. 
Artesian  wells,  definition.  431. 
Artesian    wells.     See    Wells,    artesian. 
Assay  of  water,  method  of,  390. 
Australia.     See  also  by  States. 
Brines,  descriptions.  564. 
Mine  A-aters.  406,  564. 
Underground     waters.     t>ccurrence     la 

burled  gravels,  406. 
T'ses  of  underground  waters: 
Mine  waters,  466. 
Wells,  466. 
Water  table,  effect  of  pumping  on,  4ih;. 
Aiutria-H angary,  underground  water,  occur- 
rence of,  in  tunnel.  531. 

B. 

Baluchistan,  absence  of  water  in,  301. 
Basalt.     See  Underground  water,  oocurreni- 

of. 
Batesville     sandstone.       See     ITnderi?r(»uD<i 

water,  occurrence  of. 
Bathing.     See   Uses  of  underground    wat*^. 
Belgium,   solution   features,    180. 
Berea    grit.     See    Underground    waters,    c-:- 

currence  of. 
Bermuda  Islands. 

Solution  features : 
Cavfes,  22.  242. 
Sink  holes,  22,  422. 
Solution    features   in   general,    2zL 

422. 
Underground  channels.  22. 
Bibliographies      containing      references      to 
underground  waters. 
Deep  borings,  89. 

Publications  of  U.    S.   Geological    Sur- 
vey, 204,  262,  679,  680. 
States : 

Alabama,  204,  606. 
Arkansas,  204,  542. 
Connecticut,  204.  230. 
Delaware.  88.  204. 
District  of  Columbia,  92,  204. 
Florida.  201.  204. 
Georgia,  204,  441. 
Illinois.  204.  394. 
Indiana.  204,  395. 
Iowa,  204,  511. 
Kentucky,  204,  227. 
Louisiana,  204.  671. 
Maryland.  91,  204. 
Massachusetts,  79.  2C4. 
Michigan.  202.  204. 
Minnesota,  204,  248. 
Mississippi,  204,  337. 
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Bibliographies  containiDg   references  to  iin- 
dergroand  waters — Continued. 
States — Continued. 

MlsBouri,  204,  503. 
New  Jersey,  204,  363. 
New  South  Wales.  635. 
New  York,  204,  689. 
North  Carolina,  200,  204. 
Ohio,  204,  396. 
Pennsylvania,  199,  204. 
Rhode  Island,  79.  204. 
South  Carolina,  204,  226. 
Tennessee,  204,  227. 
Vermonl,  204,  532. 
Virginia,  93,  204. 
West  Virginia,  203,  204. 
Wisconsin.  204,  581. 
Work  of   U.    S.    Geological    Survey    on 
underground  waters,  205. 
Bilozi      sand.      See      Underground      water, 

occurrence  of. 
Bingen    formation.     See    Underground    wa- 
ter, occurrence  of. 
Blowing  wells. 
Causes,  162. 
Descriptions  : 

Louisiana,  585. 
Nebraska,  585. 
Utah,  34. 
General,  486. 
Work  of  U.   S.   Geological   Survey  on, 
162. 
Blows  of  water  and  gas,  Alaska,  424,  425. 
Boone  formation.     See  Underground  water, 

occurrence  of. 
Boring,    methods    of.     See    Wells    and    bor- 
ings, construction. 
Boring,  deep,  for  determination  of  tempera- 
ture, 241. 
Borings.     See  Records ;    also  Wells  and  bor- 
ings. 
Brazil. 

Bureau  of  underground  waters,  5K4. 
Records,  borings,  41. 
Underground  waters,  work  of.   In  for- 
mation of  stone  reefs,  41. 
Breathing   wells.     See   Blowing   wells. 
Brecciated  rocks,  occurrence  of  underground 

water  In,  392. 
Brentwood     limestone.      See     Underground 

water,  occurrence  of. 
Brine  springs. 
Analyses,  72. 
Descriptions : 
Kansas,  87. 
Oklahoma,  326. 
Wyoming,  87. 
Enumeration  of.  In  United  States,  72. 
Lrines  and  salt  waters. 

Contamination  by,  Indiana,  37. 
Occurrence  of: 
Alabama,  606. 
Arizona,  90. 
Arkansas,  672. 
Australia,  564. 
China,  514. 
Germany,  514. 


Brines  and  salt  waters — Continued. 
Occurrence  of — Continued. 
Illinois,  394. 
Indiana,  395. 
Iowa,  511. 

Louisiana,  256,  514,  55H,  672. 
Michigan,  202,  381,  382. 
Mississippi,  337. 
Morocco,  179. 
New  York,  174,697. 
Ohio,  396. 
Oklahoma,  228a. 
Pennsylvania,  199. 
Persia,  301. 
Russia,  514. 
South  Carolina,  226. 
Tennessee,  227. 
Texas,  176,  514. 
Utah,  34. 
Wyoming,  87. 
General : 

Brines  as  n  source  of  bromine,  459. 
Relation  of  salt  water  to  thi»  for- 
mation of  oil  and  gus  pools,  460. 
British  Columbia. 

Mine  waters,  61. 

Ore  deposits,  part  of  underground  wa- 
ter In  formation  of,  55. 
Records,  borings,  114. 
Solution  features : 

Caves  In  limestone,  217. 
Underground  channels,  217. 
Buchanan    gravel.     See    Underground    wa- 
ters, occurrence  of. 
Buhrstone.     See    Underground     waters,     oc- 
currence of. 
Burlington      limestone.      See     Underground 
waters,  occurrence  of. 

C. 
Caliche.      See      Deposits     by      underground 

waters. 
California. 

Absorption    of    water    by    gravels    and 

sands,  60.  331.  666. 
Absorption  of  water  of  streams,  60. 
Artesian  areas,  451,  455.  457. 
Artesian  conditions,  376. 
Artesian-water  maps.  452,  453,  454. 
Bibliography    containing   references   to 

underground  waters,  89,  204. 
Capacity  of  sediments,  252. 
Collecting  tunnels  : 
Analyses,  408. 
Descriptions,  408. 
Economical  use  of  water,  340. 
Hummocks,    part   of   underground    wa- 
ters in  formation  of,  648. 
Interference  of  wells,  452,  453,  454. 
r^ws  relating  to  underground  waters, 

178,  683.  700. 
Mine  waters,  45,  562. 
Mineral  waters,  production  and  value. 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ter  In   formation   of,    233,    239,   048, 
649. 
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California — Continued. 

Porosity  of  sediments,  252. 
Principal  publications : 

Development  of  underground  wa- 
ters    In     the     central     Coastal 
Plain   region  of  southern    Cali- 
fornia, 453. 
Development  of  underground   wa- 
ters    In     the     eastern     Coastal 
Plain   region   of   southern   Cali- 
fornia, 452. 
Development  of  underground   wa- 
ters    in     the     western     Coastal 
Plain   region   of  southern    Cali- 
fornia, 454. 
Hydrology  of  the  San  Bernardino 

Valley,  455. 
List    of    deep    borings    in    United 

States,  89. 
Pumping    underground    water    in 

southern  California,  178. 
Reclamation     work     In     southern 

California,  26. 
Soil  survey  of  the  San  Jose  area, 

California,  383. 
Studies  of  California  ground  wa- 
ters, 451. 
Underflow    tests    In    the    drainage 
basin    of    Los    Angeles    River, 
252. 
Underground    waters    of   southern 

California,  456. 
Water    problems    of    Santa    Bar- 
bara, Cal..  408. 
Waterworks    of    Portervllle,    Cal., 
258. 
RetuVn  seepage,  178,  455. 
Seepage  waters : 

Descriptions.  283,  284,  384,  563. 
Injurious  effects  of,  284. 
Use  of,  26. 
Springs : 

Mineral  springs,  composition,  682. 
Springs  in  general  : 
Deposits,  648.  687. 
Descriptions,     60,     473.     479, 

648. 
Distribution,  331. 
Underdrainage    of    alkali    lands,    608. 

708. 
Underflow,   measurement  of,   140,  252, 

602. 
Underground  waters : 
Analyses,  455. 
Circulation,  239,  331. 
Contamination,  258. 
Decline,    101,   163,   178,   455,   456, 

457. 
Fluctuation,  456. 
Movements,  252. 
Occurrence  of : 

Descriptions.     26,     283.     383, 
384,     451,     452,     453,     454, 
455,  456,  457. 
Sand    and    gravel,    178,    284, 
864. 


California — Continued. 

Underground  waters — ContiDoed. 
Overdevelopment,  161,  163. 
Precautions  in  use  of,  456. 
Relation  to  faults,  239. 
Temperatures,  455. 
WorJc  of,  in  alteration  of 

tlte.  682. 
Work  of,  in  "self-rising  groiiBd," 

650. 
Work  of,  in  sllicification  of  rock. 
648. 
Uses  of  underground  waters : 

Springs,  private  supplies,  69. 
Wells : 

Irrigation,  187.  284,  383,  3^. 
446,    452.     453,     454,    45^. 
456,    458,    494,     600,    66^. 
676.  698. 
Private  supplies,  384. 
Public   supplies.    GO.   65.   34<*. 
468. 
Veins,  part  of  underground  water    is 

formation  of.  619. 
Water  problems,  53. 
W^ater  table: 

Effect  of  Irrigation  on,  1. 
Effect  of  pumping  wells  on,  133. 
Fluctuations,  1.  26,  252,  446. 
Wells : 

Artesian   wells,  descriptions,   494. 
547,  562,  721. 
Discharge,  562. 
Distribution,  384. 
Pumping,  16,  698. 
Wells  in  general: 

Construction,    252.    364,    600. 

602. 
Cost,  230,  452,  453.  454. 
Descriptions,  89,  407. 
Discharge.  408.  600. 
Distribution,  452.  453,  454. 
Pumping.  133.  150.   178.  383. 

384,  452,  453.  454.  562. 
Records,  252,  407,  455. 
Statistics,   89,   258.   407,   452, 
453,  454,  455,  468. 
Cambrian    system.     See    Underground     wa- 
ters,  occurrence  of. 
Capacity  of  rocks  and  soils,    197. 252, 286. 

602. 
Capacity    of    springs    and    wells.     See    Dis- 
charge. 
Capillarity. 

Rocks,  California,  383. 
Soils,  360. 
Carbon  dioxide  In  springs. 

Descriptions,  New  York.  491. 
Origin,   713. 
Uses. 
Carboniferous     system.      See     Underground 

waters,  occurrence  of. 
Catahoula      formation.      See      Underground 

waters,  occurrence  of. 
Cave  deposits.     See  Deposits,  caves. 
!  Caves,  absorption  of  water  by,  108. 
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CavMp  deecrlptlons.     Bee  Solution  features. 
Caves,  relation  of  formation  to  ore  deposits, 

Texas,  674. 
Cementation  by  underground  waters. 
Connecticut,  340. 
Indiana.  461. 
New  Brunswick,  349. 
New  Jersey,  349. 
New  York,  349. 
Pennsylvania,   349. 
General,  388. 
CephalonU,  Sea  Mills  of,  431,  433. 
Chadron  formation.     See  Underground  wa- 
ters, occurrence  of. 
Chalcodtkation,    part    of   underground    wa- 
ters in,  Arlxona,  405. 
Cherokee  shale.     See   Underground    waters, 

occurrence  of. 
Ch^apeake     formation.     See     Underground 

waters,  occurrence  of. 
Chester   sandstone.     See    Underground    wa- 
ters, occurrence  of. 
China. 

Artesian  water : 

Descriptions,   299. 
Prospects,  707. 
Brines,  occurrence  In  oil  wells,  514. 
Springs,  descriptions,  299. 
Underground  waters,  occurrence  of,  in 

drift,   299. 
Wells : 

Construction,  S. 
Deseriptloii  of  salt  wells,  507. 
Need  of,  5. 
Pumping,  5. 
Chlorine  in  natural  waters,  329. 
Chloritintion,   part  of  underground   waters 

In,  North  Carolina,  539. 
Chouteau  limestone.     See  Underground  wa- 
ters, occurrence  of. 
Circulation  and  movements  of  underground 
waters. 

Conditions  of,  24. 
Depth  of  penetration,  56. 
Descriptions : 

Alabama,  606. 
Arizona,  78,  405. 
Arkansas,  542.  604. 
Bermuda  Islands.  22. 
California,  252.  331. 
Colorado,  2.38,328. 
Connecticut,  105.  230. 
Cuba.  196. 
France.  684. 
Georgia.  684. 
Illinois.   12,437. 
Indiana,  395. 
Iowa,   450. 
Kentucky,  668. 
Louisiana.  250. 
Massachusetts,  195. 
Mexico,    714. 
Michigan,  206,392. 
Minnesota,  248,   392. 


Circulation  and  movements  of  underground 
waters — Continued. 

Descriptions — Continued. 
Missouri,  502. 
Nevada,  624.  627. 
New  Hampshire.  198. 
New  Jersey.  363. 
New  Mexico,  152. 
New  York,  206. 
North  Carolina.  347. 
Oregon.  509. 
Pennsylvania.  199. 
South  Carolina,  226. 
Tennessee,  347. 
Utah,  348. 
Washington,  370. 
Wisconsin,  392. 

General,  255.  374.  4K1,  599,  643. 
Relation  to  faults,  239. 
Relation  to  fissures  : 
Vermont,  35. 
General,  251. 
Relation  to  formation  of  ore  deposits, 

400. 
Relation    to    weathering.    North    Caro- 
lina. 539. 
Claiborne     formation.      See      Underground 

waters,  occurrence  of. 
Classification  of  springs,  257. 
Clay    marl.     See    Underground    waters,    oc- 
currence of. 
Clinton    limestone.     See    Underground    wa- 
ters, occurrence  of. 
Cockfield  formation.     See  Underground  wa- 
ters, occurrence  of. 
Cohansey      formation.      See      Underground 

waters,  occurrence  of. 
Coldwater  shale.     See  Underground  waters, 

occurrence  of. 
Collecting    ditches,    galleries,    and    tunnels. 

See  Structures. 
Colorado. 

Bibliographies  containing  references  to 

underground  waters.  89.  204. 
Crevice  encountered  by  oil  well.  175. 
Drainage  of  mines,  46,  478. 
Mine  waters,  478,  483,  487. 
Mineral  waters : 

Descriptions.  87. 
Production  and  value.  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of.   117,  238,  327, 
328,  463,  582.  628. 
Permeability  of  rocks.  46. 
Principal  publications : 

Drainage    of    the    Cripple    Creek 

district.  46. 
(teology    and    water    resources    of 

the  central  Great  Plains,  87. 
List    of    deep    borings    in    United 
States,  89. 
Radium,  occurrence  of,  in  spring  depos- 
its, 264. 
Return  seepage,  168,  443,  661. 
Seepage  waters,  relation  to  irrigation. 
282. 
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Colorado — Continued. 
Springs : 

romposition,  264. 
Deposits,  204,  265. 
Descriptions,  87,  264,  377. 
Relation  to  dikes,  375. 
Relation  to  fracture  lines,  463. 
Subirrigation,  effects  of,  698. 
Underground  waters : 

Circulation,  238,  328. 
Descriptions,  87,  175,  485,  487. 
Occurrence  of : 
Formations : 

Arapahoe,  87. 
Arikaree,  87. 
Dakota,  87,  377. 
Fox  Hills,  87. 
Laramie,  87. 
Ogalalla.  87. 
Systems : 

Cretaceous,  87. 
Tertiary,  87. 
Relation  to  faults,  238. 
Relation  to  fractures,  404,  463. 
Relation  to  irrigation,  282. 
Uses  of  underground  waters,  wells  : 
Irrigation,  305,  640. 
Private  supplies,  303. 
Water  level,  478,  487. 
Wells : 

Artesian  wells : 
(Mst,  662. 
Descriptions,  87. 
Pumping.  662. 
WMls  in  general : 

"  Analyses,  87,  196. 
Descriptions,     89,     303,     407, 

640. 
Pumping,  640. 
Records,  87,  407. 
Statistics,  87,  89,  407. 
Columbia      formation.      See      Underground 

waters,  occurrence  of. 
Composition  or  quality.     See  also  Analyses, 
springs  and  wells. 

<;ases    occurring    in    mineral    springs, 

589. 
Mine  waters,  31. 
Springs :  ' 

Arkansas,  490,  688. 
California,  082. 
Colorado.  264. 
Montana,  568. 
South  Dakota,  551. 
Wyoming,  72. 
General,  257,  713.  - 
Wells : 

Algeria,  346. 
Arizona,  385. 
Georgia,  704. 
lUinois,  438. 
Michigan,  211. 
Minnesota,  710. 
Mississippi  Valley,  605. 
South  Dakota,  551. 


Composition  or  quality — Continued. 
Underground  waters  in  fseneral : 
Arizona,  387,  405. 
Arkansas,  542,  544. 
Connecticut,  195,  230, 545. 
Illinois,  394. 
Massachusetts,  195. 
Michigan,  202. 
Mississippi,  411. 
Missouri,  503,  520,  592.  593. 
Montana,  627. 
Nevada,  627. 
New  Jersey,  371. 
New  Vork.  281.  656,  689,  682. 
Ohio,  396. 
Oklahoma.  228a. 
Pennsylvania,  199. 
Sahara,  345. 
South  Carolina.  220. 
Tennessee,  227. 
Utah.  333. 
Vermont,  532. 
Washington,  379. 
Wisconsin,  581. 
General  papers : 

Relation  to  uses,  598. 
Requirements  for  well  waters,  37iK 
Connecticut. 

Artesian  water,  occurrence  of.    In    cry* 

talline  rocks,  586. 
Bibliographies  containing  referenct>s  to 

underground  waters,  204,  230. 
Cementation    by    underground    watent. 

349. 
Laws    regarding   pollution    of    sprinps. 

23. 
Mineral  waters,  production  and  value. 

100,  527. 
Ore     deposits,     part     of     underground 

water  In  formation  of.  111. 
Principal   publications : 

Drilled   wells   in  Triassic   area  of 

Connecticut  Valley,  545. 
List    of    deep    borings    in    United 

States,  89. 
Triassic  rocks  of  Connecticut  Val 
ley  as  a  source  of  water  supply. 
195. 
Underground     waters    of    eastern 
United  States.  230. 
Quarry  water,  195. 
Radio-active  water,  230. 
Springs : 

Analyses,  612. 
Relation  to  faults,  230. 
Underground  waters : 
Circulation,  230. 
Composition,  195,  230,  546. 
Contamination,  195. 
Movements,  195. 
Occurrence : 

Formations : 

Stockbridge,  230. 
Materials : 

Crystalline     rocks,     230, 
686. 
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Connecticut — CoDtinued. 

UnderKTound  waters — Continued. 
Occurrence — Continued. 
Materials — Continued. 
Diatiase,  195. 
Drift,  230. 
Sandstone,  195,  230. 
Shale,  195. 
Quarries,  195. 
Systems,  Triassic,  230,  545. 
Relation    to    faults,  195,  230. 
Relation  to  Joints,  195. 
Temperature,  230. 
Uses  of  underground  waters,  wells  : 
Manufacturing  supplies,  545. 
Private  supplies,  545. 
Public  supplies,  230,  545. 
Wells : 

Analyses,  195,  612. 
Construction,  195. 
Descriptions,    89,    195,    230,    407, 

545. 
Records,  407.  545. 
Statistics,  89,  407. 
Testing,  195. 
Construction  of  wells.     See   Wells  and  tK)r- 

IngB,  construction. 
Contact     metamorphlsm,     part     of     under- 
ground water  in : 
Arizona,  405. 
General,  523. 
Contamination,    protection    of    underground 

water  from,  183. 
ConUmination    of    underground    waters    by 

oil-well  wastes,  Indiana,  37. 
Contamination  of  underground  waters. 
Springs : 

Maine,  694. 
Mexico,  500. 
Virginia,  393. 
General,  435. 
Underground  waters  In  general : 
Connecticut,  195. 
Cuba,  196. 
Georgia,  441. 
Illinois,  394. 
Indiana,  37. 
Kansas,  615. 
Missouri,  519,  615. 
New   York,  393,  697. 
South  Carolina,  226. 
General,  4. 
Wells : 

California,  258. 
England,  4. 
Georgia,  440. 
Kansas,  344. 
Maine,  434,  694. 
New  York,  9. 
Oklahoma,  398. 
Pennsylvania,  434. 
General,  393,  431,  435,  558a. 
Contributions     to     hydrology      of     eastern 

United  States,  194. 
Comiferous     limestone.     See     Underground 
waters,  occurrence  of. 


Corrosion   of    limestone    by    springs.    Michi- 
gan, 711. 
Cost  of  drilling,  240,  3(J3,  710. 
Cost  of  irrigation  with  well  water,  675. 
I   Cost  of  pumping. 
i  Texas,  603.  651. 

General,  718. 
Cost  of  wells. 

Artesian  wells,  662. 
Wells  in  general : 
Arkansas,  652. 
California,  452,  453,  454. 
Connecticut.  230. 
Kansas,  254. 
New  York,  224. 
South  Australia.  139. 
Court     decisions.     See     Laws     relating     to 

underground  waters. 
Cretaceous    system.      See    Underground    wa- 
ters, occurrence  of. 
Cryftalline  rocks.     See  Underground  waters, 

occurrence  of. 
Cuba. 

Interference  of  rivers  with  wells,  196. 
Solution   features,  196. 
Springs : 

Mineral   springs,   analyses,  196. 
Springs  in  general : 
Analyses,  190. 
Descriptions,  196. 
Submarine  springs,  196,  275. 
ITnderground    streams,  106. 
Underground     waters,     occurrence     of, 

descriptions,  275. 
l^ses  of  underground  waters,  springs : 
Bathing.  196. 
Medicinal  purposes,  196. 
I»ubllc  supplies,  106. 
ITnderground  streams,  public  sup- 
plies. 190. 
Wells,  public  supplies,  196. 
Wells : 

Analyses,  196. 
Record,  196. 
Work    of    U.    S.    War    Department    in 
well   construction.  196. 


D. 


Dakota    sandstone.     Se<!    Underground    wa- 
ters, occurrence  of. 

Deadwood      sandstone.     See      Underground 
waters,  occurrence  of. 

Decay  of  rocks.     See  Underground  waters, 
work  of,  decomposition. 

Decline  of  underground  waters,   (California. 
101,  163,  178,  446.  455,  456,  457. 
General,  696. 

Decline  of  wells.     See  also  Failure  of  wells. 
California,  161. 163.  457. 

Decomposition   of   rocks.     See   Underground 
waters,  work  of. 

Deep-seated  water,  definition,  431. 

Deforestation,  effect  on  flow  of  wells,  Michi- 
gan, 209,  211. 
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Delaware. 

Bibliographies  containing  references  to 

underground  waters,  88,  80,  204. 
Mineral  waters,  production  and  value 

of,  100,  527. 
Principal  publications  on  underground 
waters : 

List    of    deep    borings    in    United 

States,  80. 
Underground    waters    of    eastern 
United  States,  88. 
Underground  waters,  occurrence  of: 
Formations : 

Chesapealie,  88. 
Matawan,  88. 
Potomac,  88. 
Redbank,  88. 
Materials : 

Granite,  88. 
Systems : 

Cretaceous,  88. 
Tertiary,  88. 
Wells : 

Descriptions,  88,  89,  407. 
Prospects,  88. 
Records,  407. 
Statistics,  88,  89,  407. 
Delthyris  shale.     See   Underground   waters, 

occurrence  of. 
Denmarlc,    use   of    underground    waters    for 

public  supply,  431. 
Depletion  of  underground  waters. 
California,  161.  163,  457. 
England,  431. 
Deposits  by  underground  waters. 
Cave  waters : 

Michigan,  367. 
Missouri,  566. 
New  York,  367. 
Ground  waters,  Texas,  560. 
Springs : 

Arizona,  330. 
Arkansas,  29.  647,  688. 
California,  648,  687. 
Colorado,  264,  265. 
Georgia,  684. 
Indian  Territory,  647. 
Java,  687. 

Malay  Peninsula,  687. 
Montana,  568.  687. 
Nevada,  399,  687. 
New  York,  281. 
Peru,  430. 

Yellowstone  National  Park,  687. 
Underground  waters  in  general: 
Arizona,  387. 
Massachusetts,  80. 
Deposits,  springs,  economic  value  of,  687. 
Depth   of   wells,    estimation   of,   from    tem- 
perature of  water,  380. 
Devonian    system.     See    Underground     wa- 
ters, occurrence  of. 
Diabase.     See    Underground    waters,    occur- 
rence of. 
Diamond  drilling.     See  Wells  and  borings; 
construction. 


Dikes,  relation  of  springs  to,  Colorado.  3«d. 
Diorite.     See    Underground    waters,    oemr- 

rence  of. 
Discharge. 
Springs : 

Fluctuation  of.  Nelmsk*,  412. 
Measurement  of,  Montana.  IL 
Statistics ; 

Alabama.  250. 
Arkansas,  29,  210.  6SS, 
Georgia,  249. 
Idaho,  567. 

Missouri,  210.  272,  592. 
Nevada,  273. 
New  York.  281. 
Texas.  660. 
Utah,  273. 
Wells: 

Effect  of  deforestation  on  fkyw  of. 

Michigan,  209.  211. 
Effect    of    ditching    on     flow    of. 

Michigan,  209.  21 1. 
Effect  of  drought  on  flow  of  welU. 

504. 
Effect  of  frost  on   flow   of  welia. 

209,  211. 
Measurements,  general;  601.  653. 
Statistics : 

California,  16,  408,  562, 660. 
Idaho,  311. 
Louisiana,  256. 
Michigan,  146. 
Missouri,  593. 
New  Jersey,  674. 
New  Mexico,  287,  304. 
New  York,   546,656,689,697. 
Queensland,  242. 
South  Australia,  139. 
South  Carolina,  226. 
District  of  Columbia. 

Bibliography   containing  references  to 

underground  waters,  92. 
Mineral  springs,  occurrence  of,  92. 
Principal  publications : 

List    of   deep    borings    in    Fnit^ 

States,  89. 
Underground    waters    of    eastern 
United  States,  92. 
Underground  waters,  occurrence  of. 
Formations : 

Potomac,  92. 
Materials : 

Crystalline  rocks.  92. 
Quicksand,  131- 
Systems : 

Cretaceous,  92. 
Wells,  descriptions,  92. 
Drainage. 
Mines : 

Colorado,  46,  478. 
Georgia,  439. 
Ponds,   drainage   Into   wells.     See  Fn- 

derdralnage. 
Swamps,  drainage  into  wells.     See  Ub- 
derdrainage. 
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Drift.  See  Underground  waters,  occurrence 
of. 

Drilling.  See  Wells  and  borings,  construc- 
tion. 

Dundee  limestone.  See  Underground  wa- 
ters, occurrence  of. 


E. 


Karthqiiake8»   relation   to   underground    wa> 

ter  conditions,  594. 
Bconomical  use  of  water,  California,  340. 
Egypt. 

Springs,  144. 
Wells,  121. 
EUcnsburg  beds.     See  Underground  waters, 

occurrence  of. 
England. 

Underground  water,  depletion  of,  431. 
Wells : 

Contamination,  4. 
Description : 

Artesian,  30. 
Wells  In  general,  160. 
Use,  30, 160. 
Bnid  formation.     See  Underground  waters, 

occurrence  of. 
Enrichment.      See  Underground  waters,  part 

of,  In  formation  of  ore  deposits. 
EnUw    formation.     See    Underground    wa- 
ters, occurrence  of. 
Evaporation. 

Ground   water,  Texas,  560. 
Relation  to  spring  flow,  Nebraska,  412. 
Exhibition    of    mineral    waters,    St.    Louis 

Exposition,  42. 
Eaci>eriments. 

Cost  of  irrigation  by  well  waters,  675. 
Flow  In  sand  and  gravel,  602. 
Well  contamination,  Georgia.  440. 


P. 


Failure  of  springs. 

Kentucky,  504. 

Pennsylvania,  504. 

West  Virginia.  504. 
Failure    of    wells.     See    also    Discharge    of 
wells. 

Kentucky,  504. 

Michigan,  209,  211. 

Pennsylvania,  504. 

West  Virginia,  504. 
Faults,  relation  of  artesian  wells  to. 

Massachusetts,  657. 
Fnults,  relation  of  springs  to. 

Connecticut,  230. 

Kansas,  615. 

Massachusetts,  657. 

Michigan,  720. 

Missouri,  519,  615. 

North  Carolina,  218. 

Virginia,  93. 

Wyoming,  72. 


Faults,   relation  of  underground  waters  in 
general  to. 
Alaska,  424. 
Arkansas,  542. 
California,  239. 
Connecticut,  195,  230. 
New  Jersey,  363. 
Faults,    relation    to    circulation    of    under- 
ground waters. 
'  Arizona,  78. 
California,  239. 
Colorado,  238. 
Field  assay  of  water,  390. 
Filtration    galleries.     See    Infiltration    gal- 
leries. 
Fissures. 

Relation  of  springs  to: 
Colorado,  463. 
Mexico,  714. 
General,  687. 
Relation  of  underground  waters  in  gen- 
eral to : 
Colorado,  404. 
Maine,  611. 
Utah,  35,  348. 
Washington,  51. 
Florida. 

Artesian  area,  201. 

Bibliography   containing   references   to 

underground  waters,  201,  204. 
Mineral  waters,  production  and  value, 

100,  201,  527. 
Principal  publications  on  underground 
waters : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  201. 
Solution  features: 

Caves,  limestone,  112,  566. 
Solution  features  in  general,  201 
Springs,  descriptions,  201.      > 
Submarine  springs,  275,  431. 
Underground    waters,    occurrence    of, 

201,  275. 
Wells : 

Descriptions,  89,  201,  407,  431. 
Records,  407. 
Statistics,  89,  407. 
Flow.     See  Discharge. 
Fluctuation  of  discharge. 
Artesian  wells : 

liouislana,  256. 
New  Mexico,  304. 
Springs,  Nebraska,  412. 
Fluctuation  of  ground-water  level. 
Arizona,  387. 

California,  1,  26,  252,  446,  456. 
Japan,  654. 

Massachusetts,  151,  638. 
Michigan,  209,  211. 
New  York,  135,  546. 
Pennsylvania,  222. 
General,  1,  112,  255,  641,  709. 
Fluctuation  of  water   level   in   wells,   work 
of  A.  C.  Veatch  on,  680. 
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Forests. 

Agency  in  storage  of  underground  v/a- 

ter,  709. 
Relation  to  occurrence  of  springs,  540. 
Fox     Hilh     formation.     See     IJnderground 

waters,  occurrence  of. 
France. 

Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  684. 
Underground  waters : 
Circulation,  684. 
Use  of  underground  waters : 
Infiltration  galleries,  225. 
Springs,  431. 
Frozen  well,  Vermont,  83. 
Fumaroles,  description,  Nevada,  627. 

Relation  to  formation  of  ore  deposits, 
521. 


G. 


Gage  for  measurement  of  artesian  pres- 
sures, 190,  208. 

Galena  limestone.  See  Underground  wa- 
ters, occurrence  of. 

Gas  springs.     See  Springs  emitting  gas. 

Gasconade  limestone.  See  Underground 
waters,  occurrence  of. 

Gauley  coal.  See  Underground  waters, 
occurrence  of. 

Genesee  formation.  See  Underground  wa- 
ters, occurrence  of. 

Genesis  of  ore  deposits.  Sec  Ore  deposits, 
part  of  underground  waters  In  formation 
of. 

Georgia. 

Absorption  of  water  by  limestone,  441. 
Bibliography    containing   references    to 
underground  waters,  204,  441. 
Drainage  of  mines,  439. 
Min»-  waters,  439,  441,  684. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits : 

Part    of    geysers    and    springs    in 

formation  of,  684. 
Part    of    underground    waters    In 
formation  of,  684. 
Porosity,  441. 
Principal  publications : 

List  of  deep  borings  in* the  United 

States,  89. 
Underground    waters    of    eastern 
United  States,  441. 
Quarry  water,  684. 
Solution  features  : 

Caves  in  limestone,  440. 
Sink  holes,  116. 

Solution    features    in   general,  439, 
440,  441. 
Springs : 

Mineral  springs,  439,  441. 
Thermal  springs : 

Descriptions,  68S. 

Work  of  W.  H.  Weed  on,  680. 


Georgia — Continued. 

Springs — Continued. 

Springs  in  general : 
Analyses,  440,  688. 
Deposits,  684. 
Descriptions,  249,  439. 
Underground  channels,  439,  441. 
Underground  waters: 
Circulation,  684. 
Composition,  704. 
Contamination,  441. 
Occurrence  of : 

Descriptions,  4*41. 
Materials : 

Limestone,  441. 
Quartzite,  688. 
Sandstone,  441. 
Wells : 

Analyses,  440. 
Contamination,  440. 
Descriptions,  89,  407,  441,  704. 
Records,  407,  439. 
Statistics,  89, 407. 
Germany. 

Brines,  occurrence  In  oil  wells,  514. 
Divining  rods,  use  of  in  location  of  un- 
derground water,  132,  480. 
Purification  of  underground  water,  590. 
Springs : 

Descriptions,  43. 
Economic  value,  43. 
Uses: 

Public  supply,  590. 
Resorts,  43. 
Geysers. 

Descriptions,  New  Zealand,  343. 
Part  of,  in  formation  of  ore  deposits: 
France,  684. 
Georgia,  684. 
Physics  of,  work  of  William  Hal  lock  on. 
679. 
Gneiss.     See    Underground    waters,     oceor- 

rence  of. 
Gold    coast,    part    of    underground    waters 

In  formation  of  ore  deposits,  579. 
Grand    Gulf    formation.     See    Underground 

waters,  occurrence  of. 
Granite.     See    Underground    watens,    occur 

rence  of. 
Gravel.     See    Underground     waters,     occur- 
rence of. 
Great    Plains,    central,   underground   waters 

of,  87. 
Greece,  sea  mills  of  Cephalonla,  431,  433. 
Greenbrier      limestone.      See      Underground 

waters,  occurrence  of. 
Greer  formation.     See  Underground  waters, 

occurrence  of. 
Ground  water.     See  also  Underground   wa- 
ters. 

T>efinltlons,  46,  431. 

Ground-water  problems  in  southeastern 
Michigan,  209. 
Gunter    sandstone.     See    Underground    wa- 
ters, occurrence  of. 
Gyp  water,  228a. 
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H. 
Hannibal      formation.      See      Underground 

waters,  occurrence  of. 
Hatchetigbee    formation.     See    Underground 

waters,  occurrence  of. 
Hawaiian  Islands. 

Submarine  springs,  275. 
Underground     waters,    occurrence    of, 
275. 
Heating.     See  Uses  of  underground  waters. 
Helderberg     limestone.      See     Underground 

waters,  occurrence  of. 
Henrietta      formation.      See      Underground 

waters,  occurrence  of. 
Hinckley      sandstone.      See       Underground 

waters,  occurrence  of. 
Holland,  occurrence  of  underground  waters 

in  sand  dunes.  432. 
Hot  springs.     See  Springs,  thermal. 
Hudson  Rlyer  formation.     See  Underground 

waters,  occurrence  of. 
Hummocks,   part  of  underground   water  in 

formation  of,  648. 
Hydrologic  work.     See  Underground  w^aters, 

work  on,  by. 
Hydrology,    Diyision    of,    U.    S.    Geological 

Survey,  personnel,  506. 
Hjrdrology   of  eastern   United   States,   sum- 
mary of  papers,  194. 
Hydrometamorphism,  Arizona,  405. 
Hydrothermal  metamorphism,  Arizona,  405. 


Ice  caves,  588. 
Idaho. 

Bibliography   containing   references   to 

underground  waters.  :^o  (. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List  of  deep  borings  in  the  United 
States,  80. 
Seepage  from  canals,  81. 
Springs : 

Descriptions,  306. 
Discharge,  567. 
Types: 

Fissure  spring,  306. 
Seepage  springs,  84. 
Thermal  springs,  306. 
Uses  of  underground  wutei-c  . 
Springs,  irrigation,  306,  567. 
Wells : 

Heating,  687. 
General,  310. 
Wells : 

Artesian  wells,  descriptions,  310. 
Wells  In  general : 

Descriptions,  84,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
Illinois. 

Bibliographies  containin;?  referencos  to 

underground  waters,  80,  204,  394. 
3rine8,  394, 


Illinois — Continued. 

Mineral  springs,  list  of,  394. 

Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  12. 
l*rlncipal  publications : 

List  of  deep  borings  In  the  United 

States,  89. 
Underground     waters    of    eastern 
United  States,  394. 
Solution  features,  12, 13. 
Underground  channels,  13. 
Underground  waters : 
Circulation,    12,437. 
Contamination,  394. 
Occurrence : 

Formations : 

Chester,  894. 
Galena,  394. 
Lower  Magnesian,  394. 
Madison,  156. 
Niagara,  304. 
Potsdam,  394. 
St.  Louis,  394. 
St.   Peter,   156,394. 
Materials : 

Drift,   394,437. 
Limestone,  12. 
Systenih  . 

Carboniferous,  394. 
Devuniun,  394. 
Tertiary,  394. 
Uses  of  underground  waters : 

Wells,  public  supplies,  156,  438. 
General,  public  supplies,  438. 
Wells : 

Artesian  wells,  descriptions,  394. 
Wells  in  general : 
Capacity,  437. 
Composition,  394,  438. 
Construction,  436,  437. 
Descriptions,  89,  394,  407,  436, 

437. 
Pumping,  436,  437. 
Records,  12,  407. 
Statistics,  89,407. 
Testing,  436. 
Impregnation     of     limestone    by     solutions, 

Mexico,  68. 
India,    use    of    underground    waters,    wells, 

irrigation,  494,  676. 
Indian  Territory. 

Bibliography    containing   references    to 

underground  waters,  204. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publication : 

List  of  deep  borings  In  the  United 
States.  89. 
Springs : 

Mineral  springs.  deKcriptluns,  647. 
Springs  In  general,  deposits,  6i7. 
Underground  channels,  645. 
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Indian  Territory — Continued. 
Underground  waters : 
Occurrence  of : 

Descriptions,  645. 
Formations : 

Boone.  647. 
Morrow,  647. 
Relation  to  faults,  647. 
Relation  to  Joints,  645. 
Wells : 

Analyses,   244. 
Descriptions,  89,407. 
Records,  407. 
Statistics,  89,  407. 
Indiana. 

Bibliographies  containing*  references  to 

underground  waters,  89,  204,  305. 
Brines,  395. 

Laws    regarding    pollution    of    under- 
ground  waters,  23. 
Mineral  waters: 

Production  and  vulue,  100,  527. 
Principal  publications : 

List  of  deep  borings  in  the  l.'nlted 

States,  89. 
Underground     waters    of    eastern 
United  States,  395. 
Solution  features,  395. 
Springs : 

Mineral  springs,  list  of,  395. 
Springs  in  general : 
Analyses,  27. 
Descriptions,  20,  395. 
Distribution,  20,  395. 
Effect  on  vegetation,  461. 
Underground  waters : 
Circulation,  395. 
Contamination,  37. 
Occurrence  In  gas  wells,  515. 
Occurrence  of: 
Formations : 

Chester,  395. 
Hudson  River,  37,  396. 
Knobstone,  395. 
Lower  Helderberg,  395. 
Niagara,  37,  395. 
St.  Louis,  395. 
St.  Peter,  895. 
Trenton,  37,  395. 
Waterllne,  395. 
Systems : 

Carboniferous,  395. 
Tertiary,  395. 
Work  of: 

Cementation,  461. 
Uses  of  underground  waters : 

Infiltration     galleries     for     public 

supplies,  502. 
Springs  for  water  power,  395. 
Wells  for  public  supply,  37,  502. 
Well  prospects,  395. 
Wells : 

Artesian     wells,     descriptions,    20, 

.-^95. 
Wells  in  general : 
Analyses,  27, 

I>e8criptlons,  89,  407,  .'502. 
Records,  27,  28,  362,  407. 
Statistics,  89,  407. 


Induration  by  underground  waters,  Oreffoa, 

569. 
Infiltration.     See  Seepage. 
Infiltration   galleries.     See    Structures. 
Infiltration  of  surface  water  into  Tolcssoes. 

270. 
Infiltration  of  underground  waters  Into  sew- 
ei-s. 

Louisiana,  263. 
Minnesota,  167. 
New  York,  268. 
Pennsylvania.  268. 
I*hilippine  Islands.  153,  302. 
InstrumenU. 

Devices  for    deep  bore-hole    surveying, 

423. 
Devinlng  rod,  use  of,  in  locating  water : 
Germany,  132, 480. 
General.  381,  488. 
Interference  of  rivers  with  wells.  Cuba,  19C. 
Interference  of  underground  waters  with— 
Oil  wells,  Alaska,  425. 
Placer  mining: 
Alaska,  44. 
Utah,  35. 
Sewers : 

Louisiana,  263. 
Philippine  Islands,  302. 
General,  538. 
Interference  of  wells,  California,   452,  453, 

454. 
Iowa. 

Absorption  of  rainfall,  706. 
Absorption    of    water    by    rocks    and 

soils.  706. 
Bibliographies  containing  references  to 

underground  waters,  89,  204,  511. 
Brines,  511. 

Drainage  of  swamps  into  wells,  450. 
Mineral  springs,  list  of,  511. 
Mineral  waters: 
Analyses,  706. 
Descriptions,  706. 
Production  and  value,  100,  527. 
Principal  publications : 

List  of  deep  borings  In  the  United 

States,  89. 
Underground    waters    of    easters 
United  States,  511. 
Springs,  distribution,  706. 
tTnderdrainage,  450. 
Underground  waters: 

Analyses,  formations: 
Maquoketa.  706. 
St.  Louis,  700. 
Movement,  450. 
Occurrence : 

Descriptions,  063. 
Formations : 

Buchanan, 511. 
DakoU.  511. 
Galena,  511. 
Jordan,  511,  512. 
Lower  Magnesian.  511. 
Niagara.  365,  667. 
Oneota,  511,  512. 
St.  Peters,  611,  512,  51^ 

667. 
Trenton,  511, 
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Iowa — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 
Materials : 

Dolomite,  511. 
Drift,  511,  618. 
Systems : 

AIjTonklan,  511. 
Cambrian,  511. 
Carboniferous,  511. 
OrdoTlclan,  511. 
Uses  of  underground  waters,  wells : 
Private  supplies,  417,  575. 
Public  supplies,  417,  575,  667. 
Well  prospects,  191,  512. 
Wells : 

Artesian  wells: 

Descriptions,  511. 
Distribution,  706. 
Wells  In  general : 

Analyses.  365,  518. 
Descriptions,  80,  407. 
Records,  407,  417,  667,  706. 
Statistics,  89,  407,  518. 
Temperatures,  518. 
Work   of  U.   S.   Geological   Survey   on 
underground  waters,  191. 
Irrigation.     See  Uses  of  underground  waters. 
Italy. 

Seepage  from  canais,  444. 
Thermal  waters  encountered  In  the 
Simplon  tunnel,  47,  66,  67,  120, 
127,  130,  138,  357,  358,  359,  465r 
469,  482.  489,  495,  576,  587,  655. 
Use  of  underground  waters,  springs, 
Irrigation,  444. 


J. 


Japan,    fluctuation    of    water    in    artesian 

wells,  654. 
Java,  deposits  from  springs,  687. 
Joints.     See   also   Underground   waters,   oc- 
currence of. 

Relation  to  occurrence  of  underground 

waters,  Connecticut,  195. 
Transmission    of    underground    water 
through : 

Michigan,  206. 
New  York.  192. 
Jordan    sandstone.     See    Underground    wa- 
ters, occurrence  of. 
Jurassic  system.     See  Underground  waters, 
occurrence  of. 

K. 
Kansas. 

Bibliography   containing  references   to 

underground  waters,  89,  204. 
Brine  springs,  87. 
Mine  waters,  615. 
Mineral  waters : 

Descriptions,  87. 
Production  and  value,  100,  527. 
Principal  publications : 

Geology    and    water    resources    of 
the  central  Great  Plains,  87. 


Kansas — Continued. 

Principal  publications — Continued. 

List    of   deep    borings    in    United 
States,  89. 
Springs : 

Analyses,  615. 
Descriptions,  421,  615. 
Relation  to  faults,  615. 
Underground  waters : 
Contamination,  615. 
Occurrence : 

Description,  87. 
Formations : 

Arikaree,  87. 
Dakota,  87,  421. 
Ogalalla,  87. 
Systems : 

Cretaceous,  87. 
Tertiary,  87. 
Uses  of  underground  waters,  wells : 
Irrigation,  254,  640,  719. 
General,  254. 
Water  level,  effect  of  pumping  on,  125. 
Wells : 

Analyses,  87,  615. 
Construction,  254. 
Contamination,  J44. 
Cost,  254. 

Descriptions,  89,  407,  640. 
Pumping,  254,  640,  719. 
Records,  87,  407. 
Statistics,  87,  89,  407. 
Work  of  Reclamation  Service  on  under- 
flow, 680. 
Kentucky. 

Bibliographies     containing     references 
to  underground   waters,  89,  204,  227. 
Failure  of  springs  and  wells,  504. 
Mineral  springs,  list  of,  227. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ter in  formation  of,  14,  614. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  227. 
Water    resources    of    the    Mlddle- 
boro-Harlan  district,  7. 
Solution  features : 

Caves,  limestone,  289,  557. 
Sink  holes,  557.  614,  668. 
Solution  features  in  general,  289, 
557,  614.  668. 
Springs,  descriptions,  7,  227. 
Underground  waters : 
Circulation,  668. 
Occurrence : 

Formations : 
Lee,  7. 

Llgnitlc,  227. 
Porters  Creek,  227. 
Ripley,  227. 
Systems : 

Carboniferous,  227. 
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Kentucky — Continued. 

'Underground  waters — Continued. 

Relation  to  igneous  intrusions,  14. 
Work  of,  in  solution  of  limestone, 
Q68. 
Wells : 

Artesian  wells,  descriptions,  7,  694. 
Wells  in  general : 

Descriptions,  89,  227,  407. 
Records,  407. 
Statistics,  89,  407. 
Kirkwood      formation.      See      Underground 

waters,  occurrence  of. 
Knobstone     formation.     See     Underground 

waters,  occurrence  of. 
Knox  dolomite.     See   Underground   waters, 

occurrence  of. 
Korea,    spring,   description,    297. 


Lafayette      formation.      See      Underground 

waters,  occurrence  of. 
Lakota    formation.     See    Underground    wa- 
ters, occurrence  of. 
Landslips,  part  of  underground  water  in — 
Montana,  629. 
General,  154. 
Laramie  formation.     See  Underground   wa- 
ters, occurrence  of. 
Laws  I'elating  to  underground  waters : 
California,  178,  683,  700. 
Connecticut,  23. 
Indiana,  23. 
New  York,  136, 143. 
North  Carolina,  510. 
Wyoming,  164. 
General,  228,  335,  467,  691. 
Laws  relating  to  underground  water,  need 

of,  Michigan,  211. 
Laws  relating  to  underground  waters,  study 

of,  by  D.  W.  Johnson,  679,  680. 
Laws  relating  to  underground  waters,  study 

of,  by  U.  S.  Geological  Survey,  205. 
Leaching  by  underground  waters.     See  Un- 
derground waters,  work  of. 
Lignitic    group.     See    Underground    waters, 

occurrence  of. 
Limestone.     See    Underground    waters,    oc- 
currence of. 
Limestone  caves.     See  Caves,  limestone. 
Lisbon    formation.     See    Underground    wa- 
ters, occurrence  of. 
Logan  sandstone.     See  Underground  waters, 

occurrence  of. 
Longmeadow   sandstone.     See   Underground 

waters,  occurrence  of. 
Lost  water. 

Diamond  drilling,  Missouri,  338. 
Wash  drilling,  Massachusetts,  80. 
Louisiana. 

'Absorption   of   water  by   porous   beds, 

256. 
Artesian  requisites,  256. 
Artesian  waters,  occurrence  of,  256. 
Bibliographies     containing     references 
to  underground  waters,  44,  89,  671. 


Louisiana — Continued. 
Blowing  wells,  585. 
Brines,  256,  460,  514,  558,  672. 
Brines,  agency  in  formation  of  on  aad 

gas  pools.  460. 
Mineral  springs,  list  of,  671. 
Mineral  waters : 

Descriptions,  256. 
Production  and  value,  100, 527. 
Natural    mounds,   part   of   spring  wa- 
ters In  formation  of,  673. 
Principal  publications : 

List   of   deep    borings    in    United 

States,  89. 
Underground    waters     of    eastern 

United  States,  671. 
Underground   waters   of  northern 
Louisiana  and  sontliem  Arkan- 
sas, 672. 
Underground   waters   of   southern 
Louisiana,  256. 
Seepage,  256. 
Underground  waters : 
Composition,  256. 
Infiltration  into  sewers,  263. 
Movements,  256. 
Occurrence : 

Descriptions,  558. 
Formations : 

Blngen,  671,  672. 
Catahoula.  256.  671. 672. 
Cockfleld,  672. 
Grand  Golf,  256,  672. 
Lafayette,  558. 
Natacoch.  671,  672. 
Sabine,  671,  672. 
Systems : 

Cretaceous,  671. 
Quaternary,  256. 
Tertiary,  256,  671, 672. 
Uses  of  underground  waters,  wells  : 
Irrigation,  256,  558. 
Manufacturing  supplies,  256. 
Private  supplies,  256. 
Public  supplies,  256. 
Wells : 

Artesian  wells,  descriptions,  25^ 

558,  671,  672. 
Wells  in  general : 
Analyses,  256. 
Construction,  256. 
Descriptions,  89,  407. 
Discharge,  256. 
Fluctuation.  256. 
Occurrence  of  gas  in.  515. 
Pumping,  256,  558. 
Records,  71,  256.  407. 
Statistics.  89.  256,  407. 
Louisiana     Purchase     Exposition,     mlnenl 

waters  at.  527. 
Lower   California,   springs,  descriptions,  96. 
Lower    Helderberg    limestone.     See    Under- 
ground waters,  occurrence  of. 
Lower    Magnesian    limestone.     See    Under- 
ground  waters,  occurrence  of. 
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M. 


Madison  sandstone.     See  Underground  wa- 
ters, occurrence  of. 
Ifapmatic  waters. 

Descriptions,  270,  271,  277,  619. 
Importance  of,  547,  549. 
Origin  of,  549. 
Work  of : 

Alteration,  Arizona,  7o. 
Formation  of  ore  deposits,  15,  278. 
General,  352,  405. 
Magothy  formation.     See  Underground  wa- 
ters, occurrence  of. 
Maine. 

Artesian  water,  occurrence  of,  in  crys- 
talline rocks,  611. 
Bibliography   containing   references   to 

underground  waters,  204. 
Mineral  springs,  descriptions  and  sta- 
tistics, IS. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  18. 
Water     resources    of    the     Ports- 
mouth-York region.  New  Hamp- 
shire and  Maine.  608. 
Water  supply  from  glacial  gravels 
near  Augusta,  609. 
Springs : 

Analyses,  18. 
Contamination,  694. 
Statistics,  18. 
Underground  waters : 
Occurrence : 

Crystalline  rocks,  611. 
Drift,  608,  609. 
Relation  to  fissures,  611. 
Relation  to  joints,  608. 
Uses  of  underground  waters : 
Springs : 

Public  supplies,  609,  694. 
Resorts,  664. 
Wells,  public  supplies,  18. 
Wells : 

Artesian  wells : 

Conditions  necessary  for,  18. 
Contamination,  434,  694. 
Descriptions,  608. 
Discharge,  18. 
Distribution,  18. 
Wells  in  general : 

Descriptions,  89,  407. 
Records.  407. 
Statistics,  89,  407. 
Malay  Peninsula,  deposits  of  springs,  687T 
Manafalia      formation.      See     Underground 

waters,  occurrence  of. 
Maquoketa     formation.      See     Underground 

waters,  occurrence  of. 
Marais  des   Cygnes  formation.     See  Under- 
ground waters,  occurrence  of. 


Marshall  sandstone.     See  Underground  wa- 
ters, occurrence  of. 
Maryland. 

Artesian  well  prospects,  426. 
Bibliographies  containing  references  to 

underground  waters,  89,  91,  204. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of   deep    borings    In    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  91. 
Water   resources   of   the   Accident 
and      Grantsville      quadrangles, 
426. 
Water  resources  of  the  Frostburg 
and      Flintstone      quadrangles, 
Maryland    and    West    Virginia, 
427. 
Water   resources   of   the   Pawpaw 
and  Hancock  quadrangles,  West 
Virginia,    Maryland,   and   Penn- 
sylvania, 639. 
Springs : 

Mineral  springs,  list  of,  91. 
Springs  In  general : 
Descriptions,  91. 
Distribution,  426,  427. 
Statistics,  91. 
Underground  waters  : 
Occurrence : 

Descriptions,  91,  639. 
B^ormations : 

Chesapeake,  91. 
Greenbrlar,  426,  427. 
Magothy,  91. 
Pamunkey,  91. 
Potomac,  91. 
Severn,  91. 
Materials : 

Crystalline    rocks,  91. 
Sand.  91. 
Sandstone,  91. 
Shale,  91. 
Systems : 

Carboniferous,  91,  427. 
Cretaceous,  91. 
Tertiary,  91. 
Uses  of  underground  waters: 

Springs,   public  supplies,  427. 
Wells,  public  supplies,  91. 
Water  level,  relation  to  mines,  686. 
Well  prospects,  91,  426,  427. 
Wells : 

Artesian   wells,   descriptions,   427. 
Wells  in  general : 

Descriptions,  89,  91,  407. 
Records,  407. 
Statistics,  89,  91,  407. 
Massachusetts. 

Absorption  of  water  by  gravels,  80. 
Absorption  of  water  of  wash  drills,  80. 
Artesian     water,     occurrence     of,     de- 
scriptions, 79,  80. 
Bibliographies     containing     references 
to  underground  waters,  79,  204, 
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Massachusetts — Cont  Inued. 

Ix)Bt  water,  from  borings,  80. 
Mineral   waters : 

Descriptions,  657. 
I*roduction  and  value,  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters In  formation  of.  111. 
Permeability  of  dikes,  151. 
Principal  publications : 

Drilled  wells  in  the  Triassic  area 

of  Connecticut  Valley,  545. 
List    of    deep    borings    in    United 

States,  80. 
Triassic  roclcs  of  Connecticut  Val- 
ley as  a  source  of  water  supply, 
195. 
Underground    waters    of    eastern 

United   States,  79. 
Water    resources    of    the    Taconlc 
quadrangle,    New^    York,    Massa- 
chusetts, and  Vermont,  657. 
Water  supply  from  the  delta  type 
of  sand  plain,  80. 
Springs : 

Mineral  springs : 

Descriptions,  657. 
List  of,  79. 
Springs    in    general,    relation    to 
faults,  657. 
Underground  waters : 
Composition,  195. 
Movement,  195. 
Occurrence : 

Descriptions.  79,  657. 
Formations,  Longmeadow,  195, 

545. 
Materials : 

Conglomerate,  79. 
Crystalline    rocks,  79. 
Diabase,  195. 
Drift,  79,  80,  536,  537. 
Limestone,  79. 
Metnmorphlc   rocks,    79. 
Quartzite,  79. 
Sandstone,  195. 
Shale,  195. 
Systems : 

Cambrian,  79. 
Triassic,  79,  545. 
Work  of.  In  formation  of  natural 
bridges,  59. 
Uses  of  underground  waters : 
Springs : 

Irrigation,  678. 
Resorts,  657. 
Wells : 

Irrigation,  678. 
Manufacturing   supplies,    195, 

545. 
Private  supplies,  195,  545. 
Water  table : 

Description,  80. 
Fluctuation,  538. 
Wells : 

Artesian  wells,  relation  to  faults, 
657. 


Massachusetts — Continued. 
Wehs — Continued. 

Wells  in  general : 

Analyses,  195,  545. 
Descriptions,  80,  89,  407,  .•>43. 
Records,  407,  545. 
Statistics,  89,  407. 
Matawan  formation.     See  Underground  wa- 
ters, occurrence  of. 
Measurements  of  artesian  pressure,  190,  20k. 
Measurements  of  discharge. 
Springs,  Montana,  11. 
Wells,  601,  653. 
Measurements  of  seepage. 
Montana,  11. 
Nebraska,  182. 
Wyoming.  181, 182, 
Measurements  of  underflow. 
Arizona,  387. 
California.  140,  252,  602. 
New  York,  602. 
General,  312,  599. 

Work  of  C.  S.  Sllchter  on,  679,  680. 
Medicinal.     See  Uses  of  underground  waters. 
Medina    sandstone.     See    Underground    va- 

ters,  occurrence  of. 
Metamorphic   rocks.     See   Underground  wa- 
ters, occurrence  of. 
Metasomatosis,  part  of  underground  waters 
In— 

Arizona,  405. 
Arkansas,  684. 
General,  522. 
Meteoric  waters. 

Importance  of,  547,  549. 
Work  of : 

Ore  deposition,  15. 
General,  352. 
Meter  for  measurement  of  underflow,  2«'2« 

602. 
Mexico. 

Arsenic,    occurrence    in    spring   water, 

500. 
Fissures,  relation  to  springs,  714. 
Mine  waters,  analyses,  68. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  68,  269.  .151, 
372.  516. 
Ore  deposits,   relation    to   spring  cod- 

duits,  516. 
Springs,  contamination  of,  500. 
Underground  waters : 
Circulation,  714. 
Occurrence  In  gravel,  714. 
Uses  of  underground  waters : 
Infiltration  galleries,  177. 
Subterranean  streams.  177. 
Wells,  for  water  power,  177. 
Wells,  descriptions,  177,  714. 
Mica  dikes,  part  of  underground  waters  in 

formation  of,  63. 
Michigan. 

Absorption  of  water  of  ponds,  285. 
Absorption  of  water  of  streams,  720. 
Artesian  areas,  70, 
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M  ichigan — Continued. 

Artesian   flow,    unusual   types  of,    189, 

206. 
Bibliographies  containing  references  to 

underground  waters,  89,  202,  204. 
Brines : 

Descriptions,  202,  381,  382. 
Ocurrence  of  bromine  In,  459. 
Caves  containing  water,  342. 
Corrosion  of  limestone  by  springs,  711. 
Joints,    transmission    of    underground 

water  through,  206. 
Laws  relating  to  underground  waters, 

need  of,  211. 
Mine  waters,  342,  392. 
Mineral  waters  : 

Description,  202. 
Production  and  value,  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  391,  392. 
Principal  publications : 

Ground-water    problem    In    south- 
eastern Michigan,  209. 
List    of    deep    borings    In    United 

States,  89. 
Underground     water's    of    eastern 

United  States,  402. 
Water  supply  of  the  lower  penin- 
sula of  Michigan,  70. 
Solution  features,  367,  570,  571. 
Springs : 

Mineral  springs,  list  of,  202. 
Springs  In  general : 

Descriptions,  70,  720. 
Relation  to  faults,  720. 
Sublacustrlne  springs,  711. 
Underground  waters : 
Circulation,  392. 
Composition,  126,  202. 
Occurrence : 

Descriptions,  392. 
Formations : 
Berea,  202. 
Clinton,  202. 
Cold  water,  202. 
Dundee,  202,  209.- 
Marshall,  146. 
Monroe,  209. 
Napoleon,  202. 
Parma,  202. 
Sallna,  202. 
Sylvanla,  209. 
Trenton,  202. 
Upper  Marshall,  202. 
Materials,  sand,  189. 
Series : 

Michigan,  202. 
Traverse,  202. 
Uses  of  underground  waters,  wells  : 
Private  supplies.  70. 
Public  supplies,  70,  169,  211. 
Water  table : 

Fluctuation,  209,  211. 
Relation  to  vegetation,  410. 
Wells : 

Artesian  wells : 
Analyses,  70. 
Descriptions,  70,  267. 


Michigan — Continued. 
Wells— Continued. 
Wells  In  general : 
Analyses,  146. 
Composition,  211. 
Descriptions,     89,     146,     169, 

211,  267,  407. 
Failure,  209,  211. 
Records,  70,  381,407. 
Statistics,  89,  407. 
Mine  waters. 
Analyses : 

Mexico,  68. 

Nevada,  552,  554,  555. 
Pennsylvania,  341. 
Composition,  31. 
Descriptions : 

Coal  mines,  31. 
Placer  mines,  Alaska,  44. 
Mines  In  general : 
Arizona,  405. 
Arkansas,  75. 
Australia,  406,  564. 
British  Columbia,  61. 
California,  45,  562. 
Colorado,  478,  483,  487. 
Georgia,  439,  684. 
Kansas,  615. 
Michigan,  342,  392. 
Minnesota,  392. 
Missouri,  339,  615. 
Nevada,    101,    102,    103,    104, 

404,  627. 
Nicaragua,  691. 
South  Dakota,  637. 
Tasmania,  124. 
Utah,  32,  35. 
Wisconsin,  392. 
Effect  on  metals,  Pennsylvania,  341. 
Interference  with  mining : 
California,  45. 
Michigan,  342. 
General,  107. 
Pumping,  California,  45. 
Temperature : 

Nevada,  101,  102. 
General,  481. 
Use  for  boilers,  Arkansas,  75. 
Mineral   waters. 
Analyses : 

Cuba,  196. 
Pennsylvania,  58. 
Wyoming,  72. 
General,  72. 
Classification,  257. 
Descriptions  and  lists  of  : 
Alabama,  600. 
Arkansas,  542. 
Colorado,  87. 
Connecticut,  230. 
Cuba,  196. 
Florida,  201. 
Georgia,  441. 
Illinois,  394. 
Indiana,  395. 
Iowa,  511,  706. 
Kansas,  87. 
Kentucky,  227. 
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Mineral  waters — Continued. 

Descriptions  and  lists  of — Continued. 
Louisiana,  25t),  671. 
Maryland,  91. 
Massachusetts,  657. 
Michigan,  202. 
Minnesota,  248. 
Mississippi,  337. 
Missouri,  48,  592,  593. 
Montana,  627. 
Nevada,  627. 
New  Jersey,  363,  371. 
New  York,  689. 
North  Carolina,  200. 
Ohio,  396. 

Pennsylvania,  58, 199. 
Philippine  Islands,  669. 
South  Carolina,  226. 
Tennessee,  227. 
Texas,  560. 
Vermont,  532. 
Virginia,  93. 
West  Virginia,  203. 
Wisconsin,  581. 
Exhibition  of,  at  St.  Louis  exposition, 

42,  527. 
Imports  and  exports,  527. 
Origin,  257. 

Production,  100,  527,  679,  680. 
Therapeutic  value,  706. 
Value,  100,  527,  679,  680. 
Minnekahu    limestone.      See     Underground 

waters,  occurrence  of. 
Minnelusa     formation.      See     Underground 

waters,  occurrence  of. 
Minnesota. 

Artesian  areas,  248. 
Artesian  conditions,  710. 
Artesian  water  maps,  710. 
Bibliographies  containing  references  to 

underground  waters,  89,  204,  208. 
Mineral  springs,  list  of  248. 
Mine  waters,  393. 
Mineral  waters : 

Descriptions,  248. 

Ore  deposits,  part  of  underground 
waters  in  formation  of,  392,  716. 
Principal  publications : 

Casselton-Fargo  folio,  247. 
Deep  wells  as  a  source  of  wa- 
ter   supply    for    Minnesota, 
710. 
List  of  deep  borings  in  United 

States,  89. 
ITnderground  waters  of  East- 
ern United  States,  248. 
Production  and  value,  100,  527. 
Seepage    of    underground    waters    into 

sewage  tunnel,  167. 
Springs,  descriptions,  247,  248. 
Underground  waters : 

Circulation,  248,  392. 
Occurrence; 

Descriptions,  392, 
Formations  : 

Dakota,  247. 
Hinckley.  710. 


MinnesoU — Continued. 

Underground  waters — Cootlniwd. 
Occurrence — Continued. 

Formations — Continued. 
Jordan,  248,  710. 
New  Richmond,  248.  710. 
St.  Peters,  248,  710. 
Shakopee,  710. 
Materials : 

Drift,  247,  248,  710. 
Quicksand,  167. 
Systems : 

Cambrian,  248. 
Cretaceous,  247.  248. 
Ordoviclan,  248. 
Uses  of  underground  waters,  wells,  for 
public  and  private  supplies,  248,  710. 
Wells : 

Artesian  wells,  248. 
Wells  in  general : 
Capacity,  710. 
Composition,  710. 
Construction,  710. 
Cost,  710. 

Descriptions,  89,  248.  407. 
Records,  247,  407. 
Statistics,  89,  247.  407. 
Mississippi. 

Bibliographies     containing     references 

to  underground  waters,  204,  337. 
Brines,  337. 
Mineral  springs,  337. 
Mineral  waters : 

Descriptions.  337. 
Production   and    value,  100.  527. 
Principal  publications : 

List    of    deep    borings    in    United 

Stotes,  89. 
Underground    waters    of    «wtem 

United  States,  337. 
Underground    waters    of    Missis- 
sippi, 411. 
Underground  waters : 
Classification,  411. 
Composition,  411. 
Occurrence : 

Descriptions,  411. 
Formations : 

Biloxi.  337. 
Claiborne,  337. 
Eutaw,  337. 
Grand  Gulf.  337. 
Hatchetlgbee,  337. 
Lafayette,  337. 
LIgnltIc,  337. 
Lisbon,   337. 
Manafalla.  337. 
Naheola,  337. 
Ponchartrain  clay,  337. 
Ripley,  337. 
Sucarnochee,  337. 
Tallahatta,  337. 
Tuscaloosa,  337. 
Materials,  buhrstone,  337. 
Systems : 

Carboniferous,  337. 
Cretaceous,  337. 
Tertiary,  337. 
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MissiMippi — Continued. 
Wells : 

Artesian    wells,    descriptions,    77, 

266,337.411,694. 
Mineral  wells,  337. 
Wells  In  general : 
Analyses,  411. 
Descriptions,  89,  407,  411. 
Records,  407,  411. 
Statistics,  89,  407,  411. 
Missouri. 

Bibliographies     containing     references. 

to  underground   waters,  204,  593. 
Deposits  In  caves,  566. 
Diamond  drilling,  difficulties  of,  338. 
Mine  waters,  339.  615. 
Mineral  waters : 

Descriptions,  593. 
Production   and   value,  100,  527. 
Ore    deposits,    part    of    underground 

waters  in  formation  of,  592. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Spring  system  of  the  Decaturville 

dome,  Camden  County,  592. 
Underground    waters    of    eastern 

United  States,  593. 
Water  resources  of  the  Joplln  dis- 
trict, Missouri-Kansas,  615. 
Badio  -  active     waters,     springs,     and 

wells,  578. 
Solution  features: 

Caves,    limestone,    519,    520,    566, 

597. 
Sink  boles,  519,  566,  592. 
Subterranean    channels,    520, 566, 

592,  593,  597. 
Solution  features  in  general,  212. 


iineral  springs : 

Descriptions,  48,  592. 
List  of,  593. 
Radio-active  springs,  578. 
Springs  in  general : 

Analyses,  409,  413,  520,  592, 

615. 
Descriptions,    272,    520,    566, 

577,  592,  593.  615. 
Discharge,  210,  272,  592. 
Relation  to  faults,  519,  615. 
Underground  waters: 
Circulation,  592. 
Composition,  503,  520,  592,  593. 
Contamination,  519,  615. 
Occurrence : 

Formations : 

Burlington,  519,  593. 
Cherokee,  593. 
Chouteau,  520. 
Delthyrls,  593. 
Gasconade,  592,  593. 
Gunter,  593. 
Hannibal,  520,  593. 
Henrietta,  593. 
Marais  des  Cygnes,  593. 
Pleasanton,  .')93. 
St.  Louis,  593. 


M  iiwouri — Con  tinned. 

Underground  waters — Continued. 
Occurrence — Continued. 

Formations — Continued. 
St.  Peters,  519,  593. 
Third  Magneslan,  592. 
Trenton,  593. 
Materials : 

Crystalline  rocks,  593. 
Drift,  593. 
Systems,  Devonian,  592. 
Purification  of,  503. 
Work  of: 

Formation  of  chert,  577. 
Formation  of  limestone  caves, 
592,597. 
Uses  of  underground  waters : 
Springs : 

Public  supplies,  409.  519. 
Water  power,  566,  577. 
Wells,  general,  503,  593. 
Wells : 

Artesian   wells,   descriptions,   592, 

593,  594. 
Radio-active  well  waters,  578. 
Wells  in  general : 

Analyses,  520,  577,  615,  618. 
Descriptions,  89,  407,  577,  578, 

592,  593. 
Pumping,  578. 
Records,  407,  577. 
Statistics,  89,  407. 
Monroe   sandstone.     See   Underground    wa- 
ters, occurrence  of. 
Montana. 

Artesian  water  maps,  94. 
Bibliography   containing   references   to 

underground  waters,  204. 
Deposits,  springs,  568,  687. 
Landslips,  part  of  underground  waters 

in  causation  of,  629. 
Mineral  waters : 

Occurrence,  627. 
Production  and  value,  100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  105,  582,  627. 
Principal  publications : 
Aladdin  folio,  94. 
List    of    deep    borings    in    United 
States,  89. 
Seepage,  measurement  of,  11. 
Springs : 

Thermal  springs,  descriptions,  627. 
Springs  in  general : 
Analyses,  687. 
Composition,  568. 
Discbarge,  11. 
Underdrainage  of  alkali  lands,  698,  708. 
Underground  waters : 
Composition,  627. 
Occurrence : 

Formations : 

Dakota,  94. 
Deadwood,  94. 
Lakota,  94. 
MInnelusa,  94. 
Pahasapa,  94. 
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Montana — Continued. 

Underground  waters — Continued. 
Temperature,  627. 
Work  of,  In  alteration  of  rock,  627. 
Uses  of  underground  waters : 
Artesian  wells,  heating,  687. 
Springs,  batblng,  687. 
Wells,  conditions  relative  to,  94. 
Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
Morocco. 

Brines,  occurrence  in  wells,  179. 
Springs,  scarcity  of,  179. 
Underground  waters,  quality  of,  179. 
Wells,  descriptions,  179. 
Morrow   formation.     See   Underground    wa- 
ters, occurrence  of. 
Mound  springs,  Utah,  34. 
Mounds  of  Louisiana,  part  of  underground 

waters  In  formation  of,  673. 
Movements  of  alkali  in  ground  waters,  447. 
Movements    of    underground     waters.     See 
Circulation    and    movements    of    under- 
ground waters. 
Mud  volcanoes,  Nevada,  575. 


N. 


Kacatoch      formation.      See      Underground 

waters,  occurrence  of. 
Naheola   formation.     See   Underground   wa- 
ters, occurrence  of. 
Napoleon      sandstone.      See      Underground 

waters,  occurrence  of. 
Nebraska. 

Artesian  conditions,  87. 

Bibliography    containing   references   to 

underground    waters,  89,  204. 
Blowing  wells,  585. 
Evaporation,      relation      to      flow      of 

springs,  412. 
Mineral  waters,  production  and  value 

100,  527. 
Principal  publications : 

Geology    and    water    resources    of 

the  central  Great  Plains,  87. 
List    of    deep    borings    In    United 
States,  89. 
Return  seepage : 

Descriptions,  168,  661,  662. 
Relation  to  water  rights,  445. 
Seepage     from     canals,     measurements 

and  descriptions,  182. 
Seepage   waters,  relation   to   irrigation, 

429. 
Springs,  fluctuations  of,  412. 
Underground  waters : 
Occurrence : 

Descriptions,  87,  429. 
Formations  : 

Arlkaree,  87. 
Chadron,  87. 
Dakota,  87. 
Ogalalla.  87. 
Systems  : 

Oetaceous,  87. 
Tertiary,  87. 


Nebraska — Continued. 

Uses  of  underground  waters : 
Springs,  Irrigation,  308,  314. 
Wells,  irrigation,  640. 
Wells : 

Artesian  wells,  descriptions,  87. 
Wells  in  general : 

Descriptions,  89,  407,  640. 
Pumping,  640. 
Records,  87.  407. 
Statistics,  87,  89,  407. 
Nevada. 

Absorption  of  streams  by  desert  saod^, 

186. 
Bibliography   containing   references    to 

underground  waters,  204. 
Deposits,  springs,  399.  687. 
Fumaroles,  627. 
Mine  waters : 

Analyses,  552,  554.  555. 
Descriptions,   101,    102.    103,    1^4, 

464.  627. 
Pumping,  102,  464. 
Temperatures,  102. 
Mineral  waters : 

Descriptions,  627. 
Production  and  value,  100.  527. 
Mud  volcanoes,  106,  475. 
Ore  deposits,  part  of  underground  wa 
ters  In  formation  of.   106,  552,  553. 
555,  622,  624,  625,  627,  649. 
Porosity  of  rocks,  627. 
Principal  publication : 

List    of    deep    borings    In    United 
States,  89. 
Solfataras.  106.  627. 
Solution  features,  627. 
Springs : 

Mineral  springs,  descriptions.  627. 

649. 
Thermal  springs,  390,  627.  649. 
Springs  In  general : 
Analyses.  399. 
Descriptions.  627. 
Discharge,  273. 
Temperature,  Increase  with  depth.  627 
Underground  waters : 
Absence  of,  624. 
Circulation,  624,  627. 
Composition,  627. 
Occurrence : 

Descriptions,  25,  626,  627. 
Gravel,  399. 
Temperature,  627. 
Work  of : 

Alteration  of  rock.  624,  627. 
Decomposition  of  rock,  552. 
Sillclfication  of  rock.  624. 
Uses  of  underground  waters,  wells : 
Irrigation.  25. 
Public  supplies.  626. 
Veins,  part  of  underground  waters  in 

formation  of.  624.  626. 
Water  table,  depth,  471. 
Wells : 

Descriptions,  89,  407. 
Records.  407. 
Statistics,  89,  407. 
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Kew  Brunswick,  cemeDtatlon  of  rocks,  349. 
New  Hampshire. 

Bibliography   containing  references   to 

underground  waters,  204. 
Mineral  springs,  list  of,  108. 
Mineral  waters,  production  and  value, 

1(K),  527. 
Principal   publications : 

List    of    deep    borings    In    United 

States,  89. 
Underground    waters    of    eastern 

United  States.  198. 
Water    resources    of    the    Ports- 
mouth-York  region.  New  Hamp- 
shire and  Maine,  608. 
Underground  waters : 
Descriptions,  198. 
Occurrence : 
Drift,  608. 
Joints,  608. 
Purification,  693. 
Uses  of  underground  waters : 

Springs,  private  supplies,  198. 
WeilB : 

Manufacturing,  198. 
Resorts,  198. 
Wells : 

Artesian  wells,  descriptions,  608. 
Wells  In  general : 

Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
New  Jersey. 

Bibliographies  containing  references  to 

underground    waters,  89,  204,  363. 
Cementation  of  rocks  by  underground 

waters,  349. 
Faults,   relation  to  occurrence  of  un- 
derground waters,  363. 
Mineral  springs,  list  of,  363. 
Mineral  waters : 

Descriptions,  371. 
Production  and  value,  100,  527. 
Porosity  of  sands,  368. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States.  363. 
Water    resources    of    central    and 
southwestern  Highlands  of  New 
Jersey,  371. 
Seepage,  371. 
Springs : 

Analj'ses,  371. 
Underground  waters : 
Circulation,  363. 
Composition,  371. 
Occurrence : 

Formations : 

Chesapeake,  363. 
Clay-marl,  363. 
Cohansey,  363. 
Klrkwood,  ms. 
Lower  marl,  36.'t. 
Matawan,  363. 
Middle  marl,  363. 


New  Jersey — Continued. 

Underground  waters — Continued. 
Occurrence — Cont  Inued. 

Formations — Continued. 
Rarltan,  363. 
Redbank.  363. 
Stockton  beds,  363. 
Materials : 

Crystalline   rocks.  863. 
Gravel,  171. 
Systems : 

Cretaceous,  363. 
Trlasslc,  363. 
Uses  of  underground  waters : 

Springs,  public  supplies,  371. 
Wells : 

Factory  supplies,  149, 171. 
Irrigation,  492,  678. 
Public  supplies,  142,  363,  371, 
492,  674. 
Weils : 

Artesian  wells,   descriptions,   363, 

492. 
Wells  In  general : 
Analyses,  674. 
Descriptions,    89,     171,    369, 

407,  674. 
Discharge,  674. 
Pumping,  149. 
Records,  369,  407,  674. 
Statistics,  89,  863,  369,  407. 
New   Mexico. 

Artesian  basin,  304. 

Artesian  conditions,  304. 

Artesian  prospects,  354. 

Artesian  waters,  309. 

Bibliographies  containing  references  to 

underground  waters,  St),  204. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publication  . 

List    of    deep    borings    in    United 
States,  89. 
Springs,  agency  in  supply  of  lake,  85. 
Subsurface  dams,  245. 
Underflow,  245,  246. 
I'nderground  waters : 
Movements,  152. 
Occurrence : 

Descriptions,  304. 
Formations,  Red  Beds,  85,  354. 
Materials  : 

Gravel.  354. 
Sandstone,  354. 
Systems : 

Cretaceous,  354. 
Wells : 

Descriptions,  89,  354,  407,  676. 
Pumping,  002. 
Records,  407. 
Statistics,  89,  304,  407. 
Temperatures,  675. 
New  Richmond  sandstone.     See  ITnderground 

waters,  occurrence  of. 
New  South  Wales. 

Artesian  areas,  535. 

Bibliography    containing   references    to 
underground  waters,  535. 


106 


INDEX  TO  UNDERGROUND-WATER  LITERATURE 


New  South  Wales — Continued. 
Caves,  limestone,  172. 
Underground  streams,  172. 
Use  of  artesian  wells  for  water  power, 
73. 
New  York. 

Artesian  basins : 
Preevllle,  697. 
Ithaca,  697. 
Artesian  flows,  unusual  types  of,  189, 

206. 
Bibliographies  containing  references  to 

underground  waters,  89,  204,  689. 
Brines : 

Descriptions,  174,  697. 
Occurrence  of  bromine,  459. 
Cementation  of  rocks  by  underground 

waters,  249. 
Deposits,  springs,  281. 
Laws  relating  to  underground  waters, 

136, 143. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of.  111. 
Principal  publications : 

Hydrology    of   the    State   of   New 

York,  546. 
List    of   deep    borings    in    United 

States,  89. 
New  artesian  well  supply  at  Ith- 
aca, 697. 
Underground    waters    of    Eastern 

United  States,  689. 
Water   resources   of   the   Fort   Ti- 
conderoga  quadrangle,  Vermont 
and  New  York,  83. 
Water   resources   of   the   Taconic 
quadrangle,   New   York,    Massa- 
chusetts, and  Vermont,  657. 
Water   resources    of   the    Watkins 
Glen  quadrangle,  656. 
Seepage  from  canal,  546. 
Seepage  from  reservoir,  143. 
Seepage    of    underground    waters    into 

sewers,  268. 
Solution  features,  367. 
Springs : 

Carbon    dioxide    springs,    descrip- 
tions, 491. 
Mineral  springs : 

Descriptions,  356. 
List  of,  689. 
Statistics,  689. 
Thermal  springs,  689. 
Springs  in  general : 
Analyses.  281. 
Descriptions,  83. 
Discharge,  281. 
Underflow,  measurement  of,  602. 
Underdrainage  of  buildings,  134. 
Underground  waters : 

Composition,  31,  281,  656,  689,  692. 
Contamination,  393,  697. 
Occurrence : 

Descriptions,  546,  657,  692. 


New  York — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 
Formations : 

Genesee,  356. 
Potsdam,  689. 
Trenton,  689. 
Joints,  192. 
Materials  : 

Crystalline      rorka,     192. 

689. 
Diabase,  689. 
Drift,  148.  167,  189.  33«. 

656,  689,  697. 
Shale,  356,  689. 
Systems : 

Cambrian,  689. 
Cretaceous,  689. 
Devonian.  356.  689. 
Ordovician.  689.        ^ 
Pre-Cambrian,  689. 
Silurian,  689. 
Triassic,  689. 
Work  of,  In  replacement,  616. 
Uses  of  underground  waters: 
Springs : 

Irrigation,  676. 

Medicinal,  689. 

Private  supplies,  689. 

Public     supplies,      159.     546. 

689. 
Water  power,  689. 
Wells : 

Creameries.  689. 

Private  supplies,  689. 

Public     supplies,     157,     159, 

224,  546.  656,  697. 
Pumping  oil  wells,  689. 
Sanitariums,  689. 
Water  table: 
Depth,  17. 

BflFect  of  sewage  disposal  on.  17. 
Fluctuation,  135,  546. 
Noneffect    of    filtration    plant    oa 

level  of,  129. 
Nonfluctuatlon  of.  17. 
Wells : 

Artesian   wells,   descriptions.   ZTi^. 

656,  689. 
Wells  in  general : 

Analyses.  546.  656.  697. 

Capacity,  697. 

Construction.  224. 

Contamination,  9. 

Cost,  224. 

Descriptions,   9,   82.   89.   407. 

546,  689.  697. 
Discharge,  656,  689,  697. 
Records,    192,   279,    280.   3:»5. 

407,  697. 
Statistics,  89.  280.  407. 
Temperatures,  697. 
Wells,  interpretation  of  geology  from. 
82. 
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New  Zealand. 

Geysers,  343. 

Ore  deposits,  part  of  underground  wa- 
ters In  formation  of,  499. 
Newark  system.     See  Underground  waters, 

occurrence  of. 
Niagara    limestone.     See   Underground    wa- 
ters, occurrence  of. 
Nicaragua. 

Mine  waters,  hot,  691. 
Solfataras,  691. 
North   Carolina. 

Bibliographies     containing     references 
to  underground  waters,  89,  200,  204. 
Law    regarding    pollution     of    under- 
ground waters,  610. 
Mineral  waters,  production  and  yalue, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ter in  formation  of,  639. 
Principal  publications : 

List    of   deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  200. 
Water  resources  of  the  Cowee  and 
Plsgah  quadrangles,  218. 
Sink  holes,  496. 
Springs : 

Mineral  springs  : 

Descriptions,  218. 
List  of,  200. 
Springs  in  general : 

.  Descriptions,  218,  347. 
Relation  to  faults,  218. 
Underground  waters : 

CMrculation,  347.  539. 

Occurrence  in  Potomac  formation, 

200. 
Work  of: 

Alteration  of  rock,  347,  539. 
Chlorltisatlon,  539. 
Decomposition,  347. 
Leaching,  539. 
Serpentinization,  539. 
Uses    of    underground    waters,    wells, 

public  supplies,  442. 
Wells : 

Artesian  wells,  200. 
Wells  in  general : 

Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
North  Dakota. 

Bibliography   containing   references   to 

underground   waters,  89,  204. 
Mineral  waters,  production  and  vulne, 

100,  527. 
Principal  publications : 

Castleton-Fargo   folio,  247. 
List    of    deep    borings    in    United 
States,  89. 
Springs,  descriptions,  247,  701. 
Underground  waters: 
Occurrence : 

Dakota  sandstone,  247. 
Drift,  247. 


North  DakoU — Continued. 
Wells : 

Analyses,  370. 
Descriptions,  89,  407. 
Records,  247,  407. 
SUtlstlcs,  89,  247,  407. 

O. 

Oases,  part  of  underground  waters  in  for- 
mation of,  Sahara,  346. 
Ogalalla  formation.     See  Underground  wa- 
ters, occurrence  of. 
Ohio. 

Bibliographies  conta'ulng  references  to 

underground  waters,  89,  204,  396. 
Brine  or  salt  springs,  descriptions,  39. 
Brines : 

Descriptions,  396. 
Occurrence  of  bromine   in,  459. 
Caves,  gypsum,  366,  367. 
Filtering  gallery,  description,  231. 
Mineral  springs,  list  of,  396. 
Mineral  waters,  production  and  yalue, 

100,  527. 
Principal  pubycatlons : 

List    of   deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  396. 
Springs,  descriptions,  396. 
Underground  waters : 
Composition,  396. 
Occurrence : 

Formations : 
Berea,  396. 
Clinton,  396. 
Comiferous,  396. 
Logan,  396. 
Niagara,  396. 
Onondaga,  396. 
Trenton,  396. 
Material,   drift,  396. 
System,  Carboniferous,  396. 
Uses    of    underground    waters,    wells, 

public  supplies.  231,  393. 
Well  prospects,  396. 
Wells : 

Artesian  wells,  396. 
Wells  in  general: 

Descriptions,  89,  407. 
Records,  39,  407. 
Statistics,  89,  407. 
Oil   pools,    relation    to   brines,    Texas   and 

Louisiana,  460. 
Oil   wells,   occurrence   of  underground   wa- 
ters in,  Colorado,  175. 
Oklahoma. 

Absorption  of  water  by  sands,  228a. 
Absorption  of  water  of  streams,  228a. 
Artesian   conditions.  228a. 
Bibliography   containing  references   to 

underground    waters,  204. 
Brine    springs,  326. 
Brines,  228a. 

Mineral  waters,  production  and  value, 
100,  527. 
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Oklahoma — Continued. 

Principal    publications : 

Geology    and    water    resources    of 

Olclahoma,  228a. 
Li^t    of    deep    borings    in    United 
States,  89. 
Solution  features : 

Caves,    gypsum,  228a. 
Sink  holes,  228a. 
Springs : 

Mineral  springs,  228a. 
Springs  in  general : 

Analyses.  184,  228a. 
Classification,  228a. 
Descriptions,  228a. 
Underflow,  228a. 
Underground  waters :       • 
Composition,  228a. 
Occurrence : 

Descriptions,  228a. 
Formations : 

Arbuckle,  228a. 
Enid,  228a. 
Greer,  228a. 
Quartermaster,  228a. 
Red  Be<^,  228a. 
Whitehorn,  228a. 
Materials : 

Alluvium,  228a. 
Conglomerate,  228a. 
Granite,  228a. 
Porphyry,  228a. 
Systems : 

Carboniferous,  228a. 
Cretaceous,  228a, 
Tertiary,  228a. 
Uses  of  underground  waters : 
Springs : 

Irrigation,  228a. 
I'ublic  supplies,  228a. 
Wells,  irrigation,  228a. 
Wells : 

Analysis,  184,  228a,  244. 
Contamination,  308. 
Descriptions,  89,  407. 
Records,  228a,  407. 
Statistics,  89,  228a,  407. 
Onandaga  limestone.     See  I^nderground  wa> 

ters,  occurrence  of. 
Oneota    limestone.     See    Underground    wa- 
ters,   occurrence  of. 
Ontario,  ore  deposits,  part  of  underground 

waters  in  formation  of,  62,  276,  278. 
Ordovician    system.     See    Underground    wa- 
ters, occurrence  of. 
Ore  deposits : 

Occurrence  in  caverns,  Texas,  534. 
Part     of     geysers     in     formation     of, 

France,  684. 
Part  of  solfataric  waters  in  formation 

of,  Nevada,  106. 
Part  of  Hprln^s  in  formation  of — 
Georgia,  684. 
Mexico,  516. 
General,  684. 

I»art    of    underground    waters    In 
alteration  of,  617. 
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Ore  deposits — Continued. 

part  of  underground  waters  In 
tlon  of — 

Alabama,  40,  49. 
Arizona.  78.  401.  405. 
Arkansas,  684. 
British  Columbia,  55. 
California,  233,  239,  648. 
Colorado,  117,  2.^H,  327.  32b, 

582,  628. 
Connecticut,  111. 
France,  684. 
Georgia,  684. 
Gold  Coast,  579. 
Illinois,  12, 13, 14. 
Kentucky,  14,  614. 
Massachusetts,  111. 
Mexico.  68,  269,  351,  372. 
Michigan,  391,  392. 
Minnesota,  391,  392.  716. 
Missouri,  592. 
Montana,  105,  582,  627. 
Nevada,    106,   552.   553,   555. 

624,  625.  627,  649. 
New  York,  111. 
New  Zealand.  499. 
North  Carolina,  539. 
Ontario,  62,  276,  278. 
Rhodesia,  122. 
Spain,  232. 
Texas,  74. 
Transvaal,  259. 
Utah,  32,  33,  35. 
Wisconsin,  113,  391,  392. 
General,  15,  56.  109.  119, 123, 

352,    353,    374,    400,    477. 

517,  521,  526,  550,  623,  644 

Oregon. 

Artesian  areas,  569. 

Artesian  conditions.  569. 

Bibliography   containing  referemva  v* 

underground  waters,  204. 
Mineral  waters,  production  and  valu*-. 

100,  527. 
Principal  publications : 

Geology    and    water    resourfes   -f 

central  Oregon,  569. 
List    of    deep    borings    In    rnhMd 
States,  89. 
Springs : 

Thermal  springs,  560. 
Springs  in  general,  569. 
Underground  waters : 
Circulation,  569. 
Work  of,  in  induration,  569. 
Uses  of  underground  waters,  wellt^ : 
Irrigation,  569. 
Private  supplies,  569. 
Wells : 

Artesian  wells,    569. 
Horizontal  wells.  569. 
Wells  in  general : 

Descriptions.  89.  407,  569. 
Records,  407,  569. 
Statistics,  89,  407. 
Organic  remains,  preservation  of,  by  undrr 
ground  waters,  373. 
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Orislcany  sandstone.  See  Underground 
ivnters,  occurrence  of. 

Overdevelopment  of  underground  waters, 
I'allfornla,  161,  163. 

Oxidation.  See  Alteration ;  .also  Under- 
ground waters,  work  of. 


Pahaisapa  limestone.     See  Underground  wa- 
ters, occurrence  of. 
Pamunkey      formation.     See      Underground 

^'aters,  occurrence  of. 
Parma    sandstone.     See    Underground    wa- 
ters, occurrence  of. 
Pcsmatite,  part  of  underground   waters   In 
formation  of  North  Carolina  and  Tennes- 
see, 347. 
Pennsylvania. 

Artesian  conditions,  58. 

Bibliographies  containing  references  to 

underground  waters,  81),  199,  204. 
Brines : 

Descriptions,  199. 
Occurrence  of  bromine  In,  459. 
Cementation    by    underground    waters, 

349. 
Failure  of  springs  and  wells,  504. 
Mine  waters,  analyses,  341. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    l)orlng8    in    United 

States,  89. 
Underground    waters    of    eastern 

United   States,  199. 
Water  resources  of  the  Chambers- 
burg  and  Mercersburg  quadran- 
gles, 638. 
Water  resources  of  the  Curwens- 
vllle,    Patton,    Ebensburg,    and 
Barnesboro  quadrangles.  58. 
Water    resources    of    the    Elders 

Ridge  quadrangle,  635. 
Water    reaources    of   the    Pawpaw 
and  Hancock  quadrangles.  West 
Virginia,    Maryland,    and    Penn- 
sylvania, 639. 
Water    resources    of    the    Waynes- 
burg  quadrangle,  636. 
Seepage    of    underground    waters    into 

sewers,  268. 
Springs : 

Mineral  springs : 
Analyses,  58. 
Descriptions,  58. 
List  of.  199. 
Springs  In  general : 

Descriptions,    633,    634,    635. 
636,  638. 
Underground  waters : 

Artificial  storage  of,  498. 
Circulation,  199. 
Composition,  199. 
Occurrence : 

Descriptions,  208,  639. 


Pennsylvania — Continued. 

Underground  waters — Continued. 
Occurrence — Continued. 

Formations  and  members : 
Lower  Helderberg,  199. 
Mahoning  sandstone,  634. 

635. 
Medina,  199. 
Orlskany,  199. 
Pittsburg    sandstone,  634, 

635. 
Trenton,  199. 
Upper    Washington   lime- 
stone, 636. 
Materials : 

Crystalline  rocks,  199. 
Drift,  199,  635,  636. 
Limestone,  199,  638. 
Sandstone,  638. 
Uses  of  underground  waters : 
Springs : 

Private  supplies,  638. 
Public  supplies,  58,  638. 
Resorts,  638,  664. 
Wells,  public  supplies,  58,  632,  635, 
636. 
Wells : 

Artesian  wells,  descriptions,  58. 
Wells  in  general : 

Contamination,  434. 
Descriptions,     89,     407,     462, 

633,  636. 
Distribution,  199. 
Fluctuation  of  water,  222. 
Records,  407,  632,  633. 
Statistics,  89,  407. 
Pentremital     limestone.     See     Underground 

waters,  occurrence  of. 
Percolation.     See  Seepage. 
Permeability. 

Artificial  dikes,  Massachusetts,  151. 
Rocks : 

Colorado,  46. 
General,  197. 
Sands,  New  Jersey,  368. 
Persia. 

Absorption  of  water  by  gravels,  301. 
Absorption  of  water  of  streams,  301. 
Brines,  301. 
Uses  of  underground  waters  : 

Drainage  tunnels,  irrigation,  301. 
Springs,  irrigation,  301. 
W>lls,  descriptions,  298. 
Peru. 

Bureau  of  underground  waters,  584. 
Deposits,  springs,  430. 
Thermal  springs,  430. 
Philippine  Islands. 

Infiltration  of  underground  waters  Into 

sewers,  153,  302. 
Mineral  waters,  general,  669. 
Solfataras,  669. 
Springs : 

Mineral  springs,  669. 
Thermal  springs,  669. 
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Philippine  Uiando — Continued. 
Springs — Continued. 
Springs  in  general : 

Relation    to    geologic    struc- 
ture, 669. 
Temperature,  669. 
Underground  waters,  work  of,  669. 
Uses  of  underground  waters,  springs : 
Medicinal,  669. 
Public  supplies,  631. 
Volcanic  water,  669. 
Pitch  springs,  Utah,  84. 
Pitkin  limestone.     See  Underground  waters, 

occurrence  of. 
Pittsburg  sandstone.     See  Underground  wa- 
ters, occurrence  of. 
Platteville  limestone.     See  Underground  wa- 
ters, occurrence  of. 
Pleasanton     formation.     See     Underground 

waters,  occurrence  of. 
Pleistocene.     See    Underground    waters,    oc- 
currence  of,    materials,    drift;  and    Sys- 
tems, Quaternary. 
Pollution     of     underground     waters.      See 

Contamination. 
Pontchartniin    clay.     See    Underground    wa- 
ters, occurrence  of. 
Porosity. 

Rocks,  Nevada,  627. 
Sands,  New  Jersey,  368. 
Soils,  360. 

Stream  deposits,  California,  252. 
General,  441. 
Porphyry.     See  Underground  waters,  occur- 
rence of. 
Porters  Creek  clay.     See  Underground  wa- 
ters, occurrence  of. 
Potomac  formation.     See  Underground  wa- 
ters, occurrence  of. 
Potsdam  sandstone.     See  Underground  wa- 
ters, occurrence  of. 
Power.     See  Uses  of  underground  waters. 
Pressure,  atmospheric,  effect  on  water  level 

in  wells,  585. 
Production  of  mineral  waters.     See  Mineral 

waters,  production. 
Public  supplies.     See  Uses  of  underground 

waters. 
Publications  relating  to  underground  waters. 

See  Bibliographies. 
Pumping  and  other  methods  of  lifting  wa- 
ter. 

Mine  waters : 

California,  45. 

Nevada,  101, 102,  103, 104,  464. 
Wells : 
Cost: 

Arizona,  387. 
Texas,  603,  718. 
Descriptions : 

Arizona,  387. 

Arkansas,  652. 

California,  133,  150,  383,  384, 

452,  453,  454.  562.  698. 
China,  5. 

Colorado,  640,  662. 
Illinois,  438.  437. 


Pumping  and  other  methods  of  lifting  w\ 
ter — Continued. 
Wells — Continued. 

Descriptions — Con  tlnued. 
Kansas,  640,  662.  719. 
Louisiana,  558. 
Missouri,  578. 
Nebraska.  640. 
New  Jersey,  149. 
New  Mexico,  602,  676. 
Sahara,  345. 
Tennessee,  145. 
Texas,  36,  315,  325,  602.  a^*. 

651,  662. 
General,  173,  317,  662,  71K 
Methods : 

Compressed     air,     Califvra  i. 

16,  65. 
Windmills,  Texas.  81. 
General : 

California,  178. 
Kansas.  254. 
Louisana,  256. 
General,  709. 
Underground  waters  in  general : 
Effect  on  level  of  water  table : 
Australia,  406. 
California,  178. 
Kansas,  125. 
Michigan,  146. 
Purification  of  spring  water  by  copper  ^  l 

phate,  4. 
Purification  of  underground   waters,   well* 
Germany,  590* 
Missouri,  503. 
New  Hampshire,  693. 
Pyrite  deposits,   relation  to  composition  • ' 
underground  waters.  North  Carolina,  ^l"". 


Quality  of  underground  waters.     See  Coo- 
position  or  quality. 
Quarry  waters. 

Connecticut,  195,  545. 
Georgia,  684. 
Quarrying,   effect   on   flow  of  wells,   Michi- 
gan, 209. 
Quartermaster  formation.     See  Undergrt»acd 

waters,  occurrence  of. 
Quarts  veins,   part  of  underground   wsf^rv 

in  formation  of,  476. 
Quartxite.     See  Underground  waters,  cn-n  r 

rence  of. 
Quaternary  system.     See   Underground  va 

ters,  occurrence  of. 
Quebec.       Use      of      underground      wst<T- 

springs,  public  supplies,  332. 
Queensland. 

Uses  of  underground  waters,  arteslir 
wells : 

Irrigation,  494. 
Water  power,  73. 
Wells: 

Discharge,  242. 
Statistics,  242. 
Quicksand.     See  Underground  waters,  oirur- 
reoce  of,  materials,  drift,  and  sand. 
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Radio-active  gases  in  mineral  springs,  589. 
Radio-active  waters. 
Connecticut,  280. 
Missouri,  578. 
Radium  in  spring  deposits,  Colorado,  246. 
RainfaU. 

Effect  on  flow  of  wells,  Michigan,  209, 

211. 
Effect  on  level  of  water  table,  Massa- 
chusetts, 151. 
Relation  of  underground  waters  to,  197. 
Raising  water.     See   pumping. 
Raritan   formation.     See   Underground    wa- 
ters, occurrence  of. 
Reclamation  fund,   use  for  construction  of 

artesian  wells,  501. 
Reclamation  Service,  work  on  underground 

waters,  680. 
Records. 

Wells  and  horings : 

Collection  of,  by  U.  S.  Geological 

Survey,  193,  680. 
Importance  and  value  of,  193, 195, 

489.  * 
Methods  of  keeping,  696. 
References  to,  89. 
Localities : 

Alabama,  49.  407. 

Alaska,  424,  425. 

Arizona,  407. 

Arkansas,  407. 

Brazil,  41. 

British  Columbia,  114. 

California,  252.  407,  455. 

Colorado.  87,  407. 

Connecticut,  407,  545. 

Cuba,  196. 

Delaware.  407. 

District  of  Columbia,  407. 

Florida,  407. 

Georgia,  407,  439. 

Idaho,  407. 

Illinois.  12.  407. 

Indian  Territory,  407. 

Indiana,  27,  28,  37,  362,  407. 

Iowa,  407,  417,  667,  706. 

Kansas,  87.  407. 

Kentucky,  407. 

Louisiana.  71,  256,  407. 

Maine.  407. 

Maryland.  407. 

Massachusetts,  407,  545. 

Michigan,  70,  381,  407. 

Minnesota,  247.  407. 

Mississippi.  77,  407,  411. 

Missouri.  407,  577. 

Montana,  407. 

Nebraska.  87,  407. 

Nevada,  407. 

New  Hampshire.  407. 

New  Jersey,  369,  407,  674. 

New  Mexico,  407. 

New  York,  192,  279,  280,  355, 

407,  697. 
North  Carolina,  407, 


Records — Continued. 

Wells  and  borings — Continued. 
-     Localities — Continued. 

North   Dakota,  247,  407. 
Ohio,  39.  407. 
Oklahoma,  228a,  407. 
Oregon,  407,  569. 
Pennsylvania,  407.  632,  633. 
Rhode  Island,  407. 
South  Carolina,  407. 
South  Dakota,  87,  407. 
Tennessee,  407. 
Texas,  36.  407.  559. 
Utah,  34,  407. 
Vermont,  407. 
Virginia,  40T. 
Washington,  6,  407. 
West  Virginia,  407. 
Wisconsin,  407. 
Wyoming,  87,  407. 
Redbank  formation.     See  Underground  wa- 
ters, occurrence  of. 
Relation  of  underground  waters  to  flow  of 

streams,  38. 
Reidacement,    part   of   underground    waters 

in,  517,  616. 
Resorts.    See  Uses  of  underground  waters. 
Return  seepage. 
Descriptions : 

California,  178,  455. 
Colorado,  661,  662. 
Nebraska.  168,  661,  662. 
Wyoming,  662. 
Relation  to  water  rights.  Colorado  and 
Nebraska,  445. 
Rhode  Island. 

Bibliographies  containing  references  to 

underground  waters,  79,  204. 
Mineral  springs,  list  of,  79. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications: 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  79. 
Underground  waters,  occurrence  of: 
Conglomerate,  79. 
Drift,  79. 
Weils : 

Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
Rhodesia,  ore  deposits,  part  of  underground 

waters  in  formation  of,  122. 
Ripley    formation.     See    Underground    wa- 
ters, occurrence  of. 
Russia,  brines,  occurrence  in  oil  wells,  514. 

S. 

Sabine    formation.     Bee    Underground    wa- 
ters, occurrence  of. 
Sahara. 

Artesian  boring,  history,  346. 

Underground  streams,  346. 

Underground   waters,  analyses,  345. 
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Sahara — Continued. 

Uses  of  underground  waters : 

Underground    streams,    In    forma- 
tion of  oases,  346. 
Wells,  Irrigation,  528. 
Wells : 

Construction,  340. 
Descriptions,  345,  346,  528. 
Raising  water,  345. 
St.  Louis  formation.     See  Underground  wa- 
ters,  occurrence  of. 
St.     Peters    sandstone.      See    Underground 

waters,  occurrence  of. 
Salina  formation.     See  Underground  waters, 

occurrence  of. 
Salt  springs.     See  Brine  springs. 
Salt  waters.     See  Brines. 
Samples  from  wells,  collection  of,  by  U.  S. 

Geological  Survey.  193,  670,  680. 
Sand.     See     Underground     waters,     occur- 
rence of. 
Sand-dunes,  occurrence  of  underground  wa- 
ters in,  Holland,  431. 
Sandstone.     See  Underground  waters,  occur- 
rence of. 
Schistose  plains,   relation  to  circulation  of 
underground  waters.  North  Carolina  and  I 
Tennessee,  347.  | 

Screens,  use  of,  in  wells,  Louisiana,  256. 
Sea  mills  of  Cephalonla,  431,  433. 
Seepage. 

Effect  on  stream  flow,  243. 
Injurious  effects : 
Arizona,  385. 
California,  284,  383. 
General,  698. 
Measurements  of: 
Montana,  11. 
Nebraska,  182. 
Wyoming,  181, 182. 
Relation  to  irrigation : 
Colorado,  282. 
Nebraska,  429. 
Relation  to  mining  operations,  107. 
Relation    to    water    table,    California, 

383. 
General  discussions : 
Alaska,  425. 
Arizona,  283. 
California,  26.  283,  384. 
Louisiana,  256. 
Nebraska,  429. 
New  Jersey,  371. 
Turkestan,  97. 
Utah.  574. 
Washington,  379. 
General,  3,  197,  388. 
Seepage  from  canals  and  Irrigation  ditches.   ' 
California.  563.  ' 

Idaho,  84.  | 

ItalSr,  444. 
Nebraska,  182. 
New  York,  546. 
Washington,  681. 
Wyoming,  181,  182. 
General,  662. 


Seepage  from  canals,  law  relating  to.  Wj- 

ming,  164. 
Seepage  from  reservoir. 
New  York,  143. 
Wyoming,  703. 
Seepage  investigations,  Arizona,  273. 
Seepage  of  underground  waters  into  »fv*> 
See    Infiltration   of   underground   wAtff- 
into  sewers. 
Seepage,  return.     See  Return  seepage 
Serpentinization,    part   of   undergroaod  ri 

ters  in.  North  Carolina,  539. 
Severn    formation.     See    Underground   vi 

ters,  occurrence  of. 
Shakopee    fissured    limestone.     See    Vsd'r 

ground  waters,  occurrence  of. 
Shale.      See     Underground     waters,     oen: 

rence  of. 
Silicification  of   rock,   part  of    undergrocitd 
waters  in — 
California,  648. 
Nevada,  624. 
Silurian  systems.     See  Undergroand  wat^r^, 

occurrence  of. 
Sink   holes.     See   Solution   features. 
Sinter.     See  Deposits,  springs. 
Softening  of  well  waters,  Iowa,  365. 
Solfataras. 

Nevada,  627. 
Nicaragua,  691. 
Philippine  Islands,  669. 
Solfataric  waters,  work  of,  in  formation  i-f 

ore  deposits,  Nevada,  106. 
Solution  features. 
Caves: 

Gypsum  caves : 

Ohio,  366,  367. 
•     Oklahoma,  228a. 
Texas,  559,  560. 
Ice  caves,  588. 
Limestone  caves : 
Belgium,  180. 
Bermuda  Islands,  22.  422. 
British  Columbia,  217. 
Cuba,  196. 
Florida,  L12.  556. 
Georgia,  440. 
Kentucky,  289,  557. 
Missouri.  519,  520.  566,  597. 
New  South  Wales,  172. 
Texas,  559,  560. 
Sink  holes : 

Bermuda  Islands,  22,  422. 
Florida,  556. 
Georgia,  116. 
Kentucky,  ?57,  614,  668. 
Missouri.  51 9,  566.  592. 
North  Carolina,  496. 
Oklahoma,  228a. 
South  Dak«  ta,  551. 
Tennessee,  496. 
Solution  features  in  general : 
Alabama,  606. 
Arkansas,  542. 
Florida,  201. 
Georgia.  439,  441. 
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Solution  features — Continued. 

Solution  features  in  general — Cont'd. 
Illinois,  12,  13. 
Indiana,  385. 
Kentucky,  557. 
Michigan,  367,  670,  571. 
Missouri,  593. 
Nevada,  627. 
New  York,  367. 
Ohio,  366.  367. 
South  Dakota,  551. 
Spain,  571. 
Virginia,  571. 
Solution    features,    deposition    of    ores    in, 

Illinois,  12. 
Solution  of  salt  beds,  Arizona,  90. 
Sour  waters,  Texas,  176. 
South  Africa,  need  of  wells,  493. 
South  Australia,  wells,  descriptions,  130. 
South  Carolina. 

Artesian  waters,  226. 

Bibliographies  containing  references  to  . 

underground  waters,  89,  204.  226. 
Brines,  226. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  226. 
Springs,  descriptions,  226. 
Underground  waters : 
Contamination,  226. 
Composition,  226. 
Circulation,  226. 
Occurrence : 

Descriptions,  21. 
Formations : 

Columbia.  226. 
Lafayette,  226. 
Potomac,  226. 
Materials : 

Buhrstone,  226. 
Crystalline  rocks,  226. 
DIorlte,  226. 
Granite,  226. 
Sandstone,  226. 
Systems : 

Cretaceous,  226. 
Newark,  226. 
Tertiary,  226. 
Temperature,  226. 
Uses  of  underground  waters : 

Springs,  private  supplies,  226. 
Wells,  public  supplies,  226. 
Wells : 

Artesian  wells,  descriptions,  21. 
'  Wells  in  general : 

Descriptions.  89,  226,  407. 
Records,  407. 
Statistics,  89,  226.  407. 
South  Dakota. 

Artesian  conditions,  86.  87. 
Artesian  water  map,  04. 


South  Dakota — Continued. 

Bibliography   containing  references   to 

underground  waters,  89,  204. 
Mine  waters,  637. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 
Aladdin  folio,  94. 
Geology    and    water    resources    of 

the  central  Great  Plains,  87. 
List    of   deep    borings    in    United 

States,  89. 
Sundance  folio,  86. 
Sink  holes,  551. 
Springs : 

Composition,  551.  ^ 

Descriptions,  86. 
Underground  waters: 
Occurrence : 

Descriptions,  87. 
Formations : 

Chadron,  87. 
Dakota,  86,  87,  94. 
Deadwood,  86,  94. 
Lakota,  86,  94. 
Mlnnekahta,  86. 
Minnelusa,  86,  87,  94. 
Pahasapa,     86,     87,     94, 
551. 
Systems : 

Carboniferous,  87. 
Cretaceous,  87. 
Tertiary,  87,  551. 
Uses  of  underground  waters : 
Tunnels,  mill  supply,  474. 
Wells,  irrigation,  311. 
Wells : 

Artesian    wells,    descriptions,    87, 

431. 
Wells  in  general : 

Composition,  551. 
Conditions  relative  to,  94. 
Descriptions,  89,  407. 
Records,  87,  407. 
Statistics,  87,  89,  407. 
Spain. 

Ore    deposits,     part    of    underground 

waters  in  formation  of,  232. 
Solution  features,  571. 
Spring  and   gas-vent   theory   regarding  orl 

gin  of  natural  mounds,  Louisiana,  673. 
Spring  conduits,  deposition  of  ores  In,  Mex- 
ico, 516. 
Spring  waters,  thermal,  magmatlc  origin  of, 

276. 
Springs,    analyses.     See    Analyses,    springs. 
Springs,  artificial  stoppage  of,   Egypt,  144. 
Springs. 

Classification : 

Oklahoma,  228a. 
General.  257. 
Construction : 

Fountain  or   geyser  springs,    207, 

213. 
Intermittent   springs,  207. 
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Springs — CoDtlnued. 

(?ompo8ltloD.     See  Composition,  springs. 
Contamination.       See     Contamination, 

springs. 
Deposits.     See  Deposits,  springs. 
Descriptions  and  statistics : 

Cavern  springs,  Georgia,  439,  684. 
Fissure  springs,  Idaho,  306. 
Gas  springs : 
Alaska,  424. 
Texas,  176. 
Washington,  379. 
Mineral  springs,  types: 
Brine  or  salt  springs : 

Arizona,  90. 

Arkansas,  647. 

Indian   Territory,  647. 

Kansas,  87. 

Ohio,  39. 

Oklahoma,  226,  228a. 

Philippine  Islands,  669. 

Utah,  420. 

Wyoming,  87. 
Carbonate  springs : 

New  York,  491. 

North  Carolina,  218. 
Chalybeate  springs : 

Georgia,  439. 
North  Carolina,  218. 
Oil  springs  : 

Alaska,  424. 

Utah,  420. 
Pitch  springs,  Utah,  34. 
Siliceous    springs,    Philippine 

Islands,  669. 
Sulphur  springs : 

Arkansas,  543,  647. 

Florida,  201. 

Indian  Territory,  647. 

New  York,  356,  689. 

North  Carolina,  218. 

Oklahoma,  228a. 

Philippine  Islands,  669. 
Tar  springs,  Texas,  176. 
Mineral  springs  in  general : 

Alabama,  606. 

Arizona,  402. 

Arkansas,  542. 

California,  682. 

Connecticut,  230. 

Cuba,  196. 

District  of  Columbia,  92. 

Florida,  201. 

Georgia,  429,  441. 

Illinois,  394. 

Indiana,  395. 

Iowa,  511. 

Kentucky,  227. 

Louisiana,  671. 

Maine,  18. 

Maryland,  91. 

Massachusetts,  79,  657. 

Michigan,  202. 

Minnesota.  248. 

Mississippi,  337. 

Missouri,  593. 

Nevada,  627,  649. 

New  Hampshire,  198. 


Springs — Continued. 

Descriptions  and  statistics — Coot'd. 
Mineral  springs,  types — Cont'd. 
Mineral    springs    in   general- 
Continued. 

New  Jersey,  363,  371. 

New  York.  356,  49L6«* 

North  Carolina,  iKN» 

Ohio,  396. 

Pennsylvania,  199. 

Philippine  Islands,  6»j9. 

Rhode  Island.  79. 

South  Carolina.  226. 

Tennessee,  227. 
^  Vermont,  532. 

West  Virginia.  203. 

Wisconsin,  581. 
Mound  springs,  Utah,  34. 
Submarine    springs.     See    Sabms- 

rine  springs. 
Thermal  springs : 

Arizona,  330,  403. 
Arkansas,  688. 
Georgia,  688. 
Idaho,  306. 
Montana,  627. 
Nevada,  399.  627.  649. 
New  York,  689. 
Oregon,  569. 
Peru,  430. 

Philippine  Islands.   669. 
Southern  United  States.  6S> 
Utah,  52. 
Virginia,  93,  497. 
Washington,  51. 
West  Virginia.  203. 
Windward  Islands,  271. 
Springs  in  general : 
Alabama,  49,  250. 
Arizona,  405. 

Arkansas,  2.  210,  542.  543. 
California,  69,  96.  473,  64S. 
China,  299. 
Colorado.  87,264.377. 
Cuba,  196. 
Egypt,  144. 
Georgia,  249. 
Germany.  43. 
Idaho,  84,  306. 
Indiana,  20. 
Kansas.  421.615. 
Kentucky.  7. 
Korea,  297. 
Maine.  18. 
Maryland,  91. 
Michigan.  720. 
Minnesota,  247. 
Mississippi,  337. 
Missouri,   210,   272.  520,  yA. 

577,  592,  593,  615. 
Nevada.  627. 
New  Mexico,  85. 
New  York,  83. 
North  Carolina,  218,  347. 
North  Dakota,  247,  701. 
Oklahoma,  228a. 
Oregon,  569. 
Pennsylvania,  58,  638. 
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Springra — Continued. 

Descriptions  and  statistics — Cont'd. 
Springs  In  general — Continued. 
South  Dakota,  86. 
Southern  Appalachians,  540. 
Tennessee,  227,  347. 
Texas,  36,  81, 137,  573,  660. 
Turkestan,  300. 
Utah,  32,  52.  98. 
Vermont,  83. 
Virginia,  93,  378. 
Washington,  379. 
West  Virginia,  8.  639. 
Wisconsin,  229. 
Wyoming,  86. 
Discharge.     See  Discharge,  springs. 
Discharge    of   sand    and    gravel    from, 

594. 
Distribution : 

Arizona,  403. 
California,  331. 
Indiana,  395. 
Iowa,  706. 
Maryland,  426.  427. 
West  Virginia,  427. 
Origin  : 

Arkansas,  684. 
California,  331. 
Idaho,  84. 
General,  470. 
I*urlflcation,  4. 
Radio-active  properties : 
Arkansas,  29. 
Missouri,  578. 
General,  589. 
Relation  to  dikes,  Colorado,  375. 
Relation  to  faults : 
Colorado,  463. 
Connecticut,  230. 
Kansas,  615. 
Massachusetts,  657. 
Michigan,  720. 
Missouri,  615. 
North  Carolina,  218. 
Wyoming,  72. 
Relation  of  fissures: 
Mexico,  714. 
General,  687. 
Temperature : 

Arkansas,  29. 
Virginia,  497. 
Uses.    See  Uses  of  underground  waters, 

springs. 
Work  of  : 

Cementation    of    conglomerate,  In- 
diana, 461. 
Formation  of  ore  deposits  : 
France,  684. 
Georgia,  684. 
General,  521. 
General  papers : 

Algous  growth  in,  work  of  W.  A. 

Setchell  on,  679. 
Economic  value  of,  Germany,  43. 
Effect  on  vegetation.  Indiana,  461. 
Effect  of  artesian  wells,  Texas,  50. 
Effect  on  health,  Arkansas,  490. 


Springs — Continued. 

General  papers — Continued. 
Failure  of.  general.  696. 
Folios  relating  to,  262. 
Geology  of: 

Arkansas,  688. 
Philippine  Islands,  669. 
General.  24,  213. 
Influence  on  underground  temper- 
ature, 443. 
Laws  regarding  pollution  of: 
North  Carolina,  510. 
General,  23,  228. 
Relation  to  forests.  Southern  Ap- 
palachians, 540. 
General  discussion  of,  197,  257. 
Springs  in  mining  districts,  500. 
Statistics. 

Discharge.     See  Discharge. 
Mineral    water   production   and   value. 
See  Mineral  waters,  production  and 
value. 
Springs.     See  Springs. 
Wells.     See  Wells. 
Stockbridge     dolomite.      See     Underground 

waters,  occurrence  of. 
Stockton    beds.     See    Underground    waters, 

occurrence  of. 
Storage  of  underground  waters  by  foists, 

709. 
Stovepipe  method  of  well  construction,  364, 

600,  602. 
Streams,     underground.      See    Underground 

streams  and  channels. 
■Structures. 

Infiltration  or  collecting  galleries : 
France,  225. 
Mexico,  177. 
Ohio,  231. 
Wyoming,  703. 
General,  223. 
Collecting  tunnels,  California,  408. 
Subsurface  dams : 
California,  60. 
New  Mexico,  245. 
Wyoming,  703. 
Subirrigation,   injurious  effect  of,  Colorado, 

698. 
Sublacustrine  springs,  Michigan,  711. 
Submarine  springs : 
Cuba,  196,  275. 
Florida,  275,  431. 
Hawaiian  Islands,  275. 
Subterranean     streams.      See     Underground 

streams. 
Sucamochee    formation.     See    Underground 

waters,  occurrence  of. 
Sundance  formation.     See  Underground  wa- 
ters, occurrence  of. 
Switzerland. 

Thermal  waters  in  the  Simplon  tunnel, 

47,  66,  67,  120,  127,   130,   138.   357, 

358.    359,    465,    469,    482,    489,    495, 

576,  587.  665. 

Sylvania   sandstone.     See   Underground   wa 

ters,  occurrence  of. 
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Tallahatta      buhrstone.      See      Underground 

waters,  occurrence  of. 
Tar  springs.     See  Springs,  tar. 
Tasmania,  mine  waters,  descriptions.  124. 
Temperature  of  underground  waters. 
Mine  waters : 

Nevada,  101,  102. 
General,  481. 
Springs : 

Arkansas,  2i),  688. 
Oregon,  569. 
Philippine  Islands,  660. 
Virginia.  497. 
West  Virginia,  630. 
Wells : 

Cuba,  106. 
Iowa,  518. 
New  Mexico,  675. 
New  York,  697. 
Queensland,  244. 
South  Australia,  139. 
Vermont,  83. 
Underground  w^aters  In  general : 
Arizona,  405. 
California,  455. 
Connecticut,  230. 
England,  30. 
Italy,  120,  359,  489. 
Montana,  627. 
Nevada,  627. 
South  Carolina,  226. 
Switzerland.  120,  359,  489. 
(General,  197. 
General  papers : 

Atmospheric     temperature,     effect 

on  wells,  585. 
Increase  w^ith  depth,  Nevada,  627. 
Influence    of    alteration    of    rocks 

on,  443. 
Subterranean    temperatures,    plan 

for  determination  of,  241. 
Underground     temperatures,     gen- 
eral, 443. 
Use  In  estimating  depth  of  wells, 
380. 
Tennessee. 

Bibliographies     containing     references 
to   underground   waters,  89,  204,  227. 
Brines,  227. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of    deep    borings    In    United 

States,  89. 
Underground    waters    of    eastern 
United  States,  227. 
Sink  holes,  496. 
Springs : 

Mineral  springs,  227. 
Springs  in  general : 
Descriptions,   227. 
Occurrence,  347. 
Underground  waters : 
(Mrculation,  347. 
Composition,  227. 


Tennessee — Continued. 

Underground  waters — i 'on tinned. 
Occurrence : 

Formations : 
Knox,  227. 
Lafayette.  227. 
Llgnitic.  227. 
Porters   Creek.  227. 
Ripley.  227. 
Systems : 

Carboniferous,  227. 
Cretaceous,  227. 
Devonian,  227. 
Silurian,  227 
Tertiary,  227. 
Work  of: 

Alteration  of  rock,  437. 
Decomposition  of  rock,  4.37. 
Formation  of  natural  bridi;ft<. 
59. 
Uses  of  underground  waters,  sprlnp*; 
Medicinal,  227. 
Resorts,  227. 
Wells : 

Artesian  wells,  descriptions.  227. 
594. 
Wells  in  general : 

Descriptions,  89,  227.  407. 
Pumping,  145. 
Records.  407. 
Statistics,  89.  407. 
Tertiary  system.     See  Underground  waters 

occurrence  of.  . 
Test  wells,   use   in   measurement   of  uudt^r 

flow,  599. 
Testing    underflow.     See    Underflow,    measi 

urement  of. 
Testing  wells.     See  Wells,  testing. 
Texas. 

Artesian  water,  occurrence  of,  descrii>- 

tions.  559. 
Bibliographies,  containing  reference*  t<» 

underground    waters.  89.  204. 
Brines,  agency  in  formation  of  oil  aod 

gas  pools,  460. 
Brines,    occurrence    in   oil    wells.    17«l 

514. 
Caves,   gypsum.  559.  560. 
Deposits  by  evaporation  of  ground  va 
I  ter,  560. 

I  Mineral  waters: 

Descriptions,  560. 
Production   and   value,  100. 527 
Ore  deposits,  part  of  underground  ira 

ters  in  formation  of,  74. 
Principal  publications : 

Irrigation  in  southern  Texas,  .^H 
Irrigation   investigations   in  wi><t 

ern   Texas,  81. 
List    of    deep    tmrings    in    Tnited 

States,  89. 
Observations  on  the  ground  watrr* 
of  the  Rio  Grande  Valley.  fi»^n 
Springs : 

Descriptions,  36.  81.  573.  660. 
Discharge.  660. 
Underflow,  246,  603. 
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T«aca.» — Continued. 

T."nclerground  channels  In  gypsum,  559. 
Underground  waters : 
Analyses,  603. 
Conditions,  361. 
Evaporation,  560. 
Occurrence : 

Descriptions,     36,     325,     361, 

515,    560,     573. 
Materials : 

Limestone,  36. 
Sand,  36. 
Sandstone,  36. 
Uses  of  underground  waters  : 
Springs : 

Irrigation,    36,    50,    81,    137, 

141.  658.  698. 
Public  supplies,   36,   50. 
Wells : 

Irrigation,  19,  36,  50,  81,  141, 
185,     287,    315,    318,     319, 

320,  322,    323,     325,    530, 
651,    659,    698. 

Public  supplies,  50. 
Water  table: 

Fluctuation,  603. 
Relation  to  salt  deposits,  559. 
Well  irrigation,  cost  of,  36. 
Wells : 

Artesian  wells : 
Cost,  662. 

Descriptions.  36,  316,  322,  323, 
515. 
Wells   in    general : 

Construction,  36,  603. 

Cost    of    pumping,  603.  651. 

Descriptions,     89.     318.     319, 

321,  407,  573.  659. 
Effect  on  flow  of  springs,  50. 
Pumping,    36,    81,    315,    603, 

651,  662. 
Records,  36,  407,  559. 
Statistics,  36,  89,  407. 
Testing,  325.  602. 

Therapeutic  value  of  mineral  waters,  706. 

Therapeutics.     See  Uses  of  underground  wa- 
ters. 

Thermal  springs.     See  Springs,  thermal. 

Thermal  waters,  ascent  along  fault,  Arizona, 
78. 

Thermal   wells.     See   Wells,    thermal   wells. 

Third     Magnesian     limestone.     See     Under- 
ground waters,  occurrence  of. 

Tides,  effect  on  fluctuation  of  wells,  Japan. 
654. 

Transvaal,  ore  deposits,  part  of  underground 
waters  in  foi'mation  of,  259. 

Trap.    See  Underground  waters,  occurrence 
of,  diabase. 

Traverse  series.     See   Underground    waters, 
occurrence  of. 

Travertine.     See  Deposits,  springs. 

Trenton    limestone.     See    Underground    wa- 
ters, occurrence  of. 

Triaasic  system.     See  Underground  waters, 
occurrence  of. 

Tuia.    See  Depoeite,  iprings. 


Tuff.     See   Underground  waters,   occurrence 

of. 
Turkestan. 

Absorption  of  streams  by  desert  sands, 

541. 
Artesian  conditions,  300. 
Seepage  waters,  97. 
Springs,  descriptions,  300. 
Underground     waters,     occurrence    of, 

gravel,  300. 
Uses  of  underground  waters,  springs : 
Irrigation,  97. 
Public  s-pplles,  97. 
Wells,  descriptions,  97 
Tuscaloosa     formation.      See     Underground 
waters,  occurrence  of. 

V. 

Underdrainage  of  alkali  lands. 
Arizona,  698. 
California,  698,  708. 
Montana,  698.  708. 
Utah,  698,  708. 
Washington,  698,  708. 
General,  709. 
Underdrainage  of  buildings.  New  York,  134. 
Underdrainage  of  deserts  by  sandstone,  99. 
Underdrainage  of  ponds  by  wells,  285. 
Underdrainage  of  soils,  3,  332a. 
Underdrainage  of  swamps  by  wells. 
Iowa,  450. 
Virginia,  378. 
Underflow,    availability    of,    for    irrigation. 

Nevada.  25. 
Underflow. 

Descriptions : 

Arizona,  387. 
Arkansas,  604. 
New  Mexico.  245,  246. 
Oklahoma,  228a. 
Texas,  246,  603. 
Measurements  and  tests : 
California,  140,  252,  602. 
New  York,  602. 
General,  312,  599,  679. 
Underflow,  work  on,  by  Reclamation  Service 

Kansas.  680. 
Underflow  meter,  252,  602. 
Underground  streams  and  channels. 
Algeria,  346. 
Arizona,  288,  387. 
Arkansas,  2,  645. 
Belgium,  180. 
Bermuda  Islands,  22. 
British  Columbia,  217. 
Cuba,  196. 
Georgia,  439,  441. 
Greece,  431,  433. 
Illinois,  13. 

Indian   Territory,  645. 
Missouri,  520,  566,  592,  593,  597. 
New  South  Wales,  172. 
Sahara,  346. 
Texas,  559. 
Utah,  32. 
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Underground  water. 

Absence   of,   Nevada,  624. 

Derlyatlon    from     rainfall,     Arkansas, 

544. 
Interference     with     placer     workings, 

Utah,  35. 
Interference  with  sewera,  538,  712. 
Laws  relating  to,   178.  335,  467,  591, 

683,  700. 
Occurrence  of: 
General,  197. 
Formations : 

Arapahoe    sandstone,    Colora- 
do, 87. 
Arbuckle    limestone,     Oklaho- 
ma, 228a. 
Aiikaree: 

Colorado,  87. 
Kansas,  87. 
Nebraska,  87. 
Batesvllle    sandstone,    Arkan- 
sas, 542,  544. 
Berea  grit : 

Michigan,  202. 
Ohio,  396. 
Biloxl  sand,  Mississippi,  337. 
Blngen : 

Arkansas,  542,  671,  672. 
Louisiana,  671,  672. 
Boone : 

Arkansas,     2,     542,     543, 

544,  647. 
Indian  Territory,  647. 
Brentwood   limestone,   Arkan- 
sas, 2. 
Buchanan  gravel,  Iowa,  571. 
Burlington     limestone,     Mis- 
souri, 519,  593. 
Catahoula : 

Arkansas,  542.  671,  672. 
Louisiana,  256,  671,  672. 
Chadron : 

Nebraska,  87. 
South  Dakota,  87. 
Wyoming,  87. 
Cherokee  shale,  Missouri,  593. 
Chesapeake : 

Delaware,  88. 
Maryland,  91. 
New  Jersey,  363. 
Virginia,  93. 
Chester  sandstone : 
Illinois,  394. 
Indiana,  395. 
Chouteau  limestone,  Missouri, 

520. 
Claiborne,  Mississippi,  337. 
Clay  marl,  New  Jersey,  363. 
Clinton  limestone : 
Michigan,  202. 
Ohio,  396. 
Cockfleld,  Arkansas,  672. 
Cohansey,  New  Jersey,  363. 
Coldwater     shale,     Michigan, 

202. 
Columbia,      South     Carolina, 
226. 


Underground  water — Continued. 
Occurrence  of — Continued. 
Formations — Continued. 

Comiferous    lime»toDe.    <*l. 

396. 
Dakota  sandstone : 

Colorado,  87.  377. 

Iowa,  511. 

Kansas.  87.  421. 

Minnesota,  247. 

Montana,  94. 

Nebraska,  87. 

North  Dakota.  247. 

South    Dakota.  S6.  sT.  i'4 

Wyoming,  86,  87,  94. 
Deadwood  sandstone : 

Montana,  94. 

South  Dakota,  86. 

W^yomlng.  86,  94. 
Del  thy  r  is  shale.  Mtssoarl.  :>i*^ 
Dundee    limestone,    Michi{:sn. 

202. 
Ellensburg  beds,   Waahingtvn. 

51. 
Enid.  Oklahoma,  22Sa. 
Eutaw: 

Alabama,  606. 

Mississippi,  337. 
Fox    Hills    sandstone,     CoI« 

rado,  87. 
Galena  limestone : 

Illinois.  394. 

Iowa.  511. 

Wisconsin,  229.  581. 
Gasconade      limestone,      Mi» 

souri,  502,  593. 
Gauley  coal.  West  Virplnla.  ^ 
Genesee,  New  York.  356. 
Grand  Gulf: 

Alabama,  606. 

Arkansas,  672. 

Louisiana,  256,  672. 

Mississippi.  337. 
Greenbrier  limestone: 

Maryland,  426,  427. 

West  Virginia,  427. 
Greer,  Oklahoma.  228a. 
Gunter    sandstone,     Missouri. 

593. 
Hall      sandstone,      Arkansas^ 

543. 
Hannibal,  Missouri,  520, 593. 
Hatchetigbee : 

Alabama,  606. 

Mississippi.  337. 
Helderberg     limestone,     We<t 

Virginia,  427. 
Henrietta,  Missouri,  593. 
Hinckley     sandstone,     Miaoe 

sota,  710. 
Hudson    River,    Indiana,    37, 

395. 
Jordan  sandstone: 

Iowa,  511,  512. 

Minnesota,  248.  710. 
Klrkwood,  New  Jersey,  363. 
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Underground  water — Continued. 
Occurrence  of — Continued. 
Formations — Continued. 

Knobstone     group,      Indiana, 

305. 
Knox  dolomite: 

Alabama,  006. 

Tennessee,  227. 
Lafayette : 

Louisiana,  558. 

Mississippi,  337. 

South  Carolina,  226. 

Tennessee,  227. 
LalEOta  sandstone : 

Montana,  94. 

South  Dalcota,  86,  94. 

Wyoming,  86,  94. 
Laramie : 

Colorado,  87. 

Wyoming,  87. 
Lee    conglomerate,    Kentucky, 

7. 
Lignltlc  group: 

Alabama,  606. 

Kentucky,  227. 

Mississippi,  337. 

Tennessee,  227. 
Lisbon,  Mississippi,  337. 
Logan  sandstone,  Ohio,  396. 
Longmeadow  sandstone,  Mas- 
sachusetts, 195,  545. 
Lower  Helderberg  limestone : 

Indiana,  395. 

I»ennsylvanla,  199. 
Lower   Magnesian    limestone 

Illinois,  394. 

Iowa,  511. 

Wisconsin,  581. 
Lower  marl.  New  Jersey,  363. 
Madison    sandstone,    Illinois, 

156. 
Magothy,  Maryland,  91. 
Mahoning  sandstone,  Pennsyl 

yanla,  634,  635. 
Manafalia,  Mississippi,  337. 
Marias  des  Cygnes,  Missouri, 

593. 
Marshall      sandstone,     Mlchi 

gan,  146. 
Matawan,  New    Jersey,  363. 
Medina    sandstone,     Pennsyl 

vania,  199. 
Michigan      series,    Michigan 

202. 
Middle    marl.  New  York.  363. 
Mlnnekahta  limestone : 

South  Dakota,  86. 

W^yomlng,  86. 
Mlnnelusa : 

Montana,  94. 

South    Dakota,  86,  87,  94. 

Wyoming,  86,  94. 
Monroe   sandstone,   Michigan 

202. 
Morrow : 

Arkansas,  544,  647. 

Indian    Territory,  647. 


Underground  water — Continued. 
Occurrence  of — Continued. 
Formations — Continued. 
Nacatoch : 

Arkansas,  542,  671. 
Louisiana,  671,  672. 
Naheola,  Mississippi,   337. 
Napoleon     sandstone,     Michi- 
gan, 202. 
New      Richmond      sandstone, 

Minnesota,  248,  710. 
Niagara  limestone : 
Illinois,  394. 
Indiana.  37,  395. 
Iowa,  365,  667. 
Michigan,  202. 
Ohio,  396. 
Wisconsin,  581. 
Ogalalla : 

Colorado.  87. 
Kansas,  87. 
Nebraska,  87. 
Oneota    limestone,    Iowa,  511, 

512. 
Onondaga      limestone,      Ohio. 

396. 
Oriskany  sandstone,  Pennsyl- 
vania, 199. 
Pahnsapa  limestone : 
Montana,  94. 

South    Dakota,  86,  87,  94. 
Wyoming,  86,  94. 
Pamunkey : 

Maryland,  91. 
Virginia,  93. 
Parma    sandstone,    Michigan, 

202. 
Pentremital     limestone,      Ar- 
kansas, 542. 
IMtkln     limestone,     Arkansas. 

2.  543,  544. 
IMtts))urg    sandstone,      I'enn- 

sylvanla,  634,  635. 
Platteville    limestone,  Wiscon- 
sin, 229. 
Pleasanton,  Missouri,  593. 
Ponchartrain      clay,      Mlssis- 

slppi,  337. 
Porters  Creek  clay : 
Kentucky,  227. 
Tennessee,  227. 
Potomac : 

Delaware,  88. 
District  of  Columbia,  92. 
Maryland,  91. 
North  Carolina,  200. 
South  Carolina,  226. 
Virginia,  93. 
Potsdam  sandstone: 
Illinois,  394. 
New  York,  689. 
Wisconsin,  229,  581. 
Quartermaster,    Oklahoma, 

228a. 
Rarltan,  New  Jersey,  363. 
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Underground  water — Continued. 
Occurrence  of — Continued. 
Formations — Continued. 
Red  Beds : 

New  Mexico,  85.  354. 

Oltlaboma,  228a. 
Redbanlc : 

Delaware,  88. 

New  Jersey,  363. 
Ripley  : 

Alabama,  600. 

Kentucky,  227. 

Mississippi.  337. 

Tennessee,  227. 
Sabine : 

Arlcansas,  542,  671,  672. 

Louisiana.  671.  672. 
St.  Louis  limestone : 

Illinois.  394. 

Indiana,  395. 

Missouri,  593. 
St.  Peters  sandstone : 

Illinois,  156.  394. 

Indiana.  395. 

Iowa.  511,  512,  518,  667. 

Minnesota,  248,  710. 

Missouri.  519.  593. 

Wisconsin,  229,  581. 
Salina  beds,  Michigan,  202. 
Severn,  Maryland,  91. 
Shukopee    fissured    limestone, 

Minnesota,  710. 
Stockbridge     dolomite,     Con- 
necticut, 230. 
Stockton    beds.    New    Jersey, 

363. 
Sucarnocbee,  Mississippi,  337. 
Sundance,  Wyoming,  87. 
Sylvnnia     sandstone.     Michi- 
gan, 209. 
Tallahatta  buhrstone,   Missis- 
sippi, 337. 
Third     Magnesian     limestone, 

Missouri,  592! 
Traverse  series,  Michigan,  202. 
Trenton  limestone : 

Indiana.  37,  395. 

Iowa,  511. 

Michigan,  202. 

Missouri.  593. 

New  York,  689. 

Ohio,  396. 

Pennsylvania,  199. 

Wisconsin,  581. 
Tuscaloosa : 

Alabama,  606. 

Mississippi.  337. 
Upper     Marshall     sandstone, 

Michigan.  202. 
Upper  Washington  limestone, 

Pennsylvania,  636. 
Water  lime,  Indiana,  395. 
Waynesburg  sandstone,  Penn- 
sylvania, 636. 
Whitehorn    sandstone,    Okla- 
boma,  228a, 


Underground  water — Continned. 
Occurrence  of — Continued. 
Formations — Continued. 

Winslow     sandstone,     ArkdD- 

sas,  543. 
YellvUIe   dolomite.   ArkaD«a« 
2. 
Materials.     See  also  Formations 
Alluvium : 

Oklahoma,  228a. 

Washington,  51. 
Basalt,  Washington.  51.  .379. 
Breccia,  general,  392. 
Buhrstone : 

Mississippi.  337. 

South  Carolina,  226^ 
Coal.  West  Virginia,  8. 
Conglomerate : 

Massachusetts.  79. 

Oklahoma,  228a. 

Rhode  Island.  79. 
Crystalline  rocks : 

Connecticut.  230.  r»S6. 

District  of  Columbia,  1»:L 

Maine.  OIL 

Maryland.  91. 

Missouri,  593. 

New  Jersey,  363. 

New  York.  689. 

Pennsylvania,  199. 

South  Carolina.  226. 

Wisconsin.  690. 
Diabase : 

Connecticut,  195. 

Massachusetts.  195. 

New  York,  689. 
Diorite.  South  Carolina,  226. 
Dolomite : 

Arkansas.  2. 

Iowa.  511. 
Drift.     See    also     Sand    and 
gravel. 

China.  299. 

Connecticut.  230. 

Illinois.  394. 

Indiana,  20. 

Iowa,  511.  518. 

Maine.  608. 

Minnesota,  247.  248.710 

Missouri,  593. 

New  Hampshire,  60S. 

New  York,  356,  656,  6^5^ 

North  Dakota.  247. 

Ohio,  390. 

Pennsylvania,  199. 

Rhode  Island.  79. 

Wisconsin,  581. 
Gneiss.  North  Carolina.  218. 
Granite : 

Delaware,  88. 

Oklahoma.  228a. 

South  Carolina,  226. 

Virginia,  93. 
Gravel : 

Australia,  406. 

California,  60,  178.  281. 
864,666. 
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Underground  water — Continued. 
Occurrence  of — Continued. 
Materials — Continued. 
Grayel — Continued. 
Illinois,  437. 
Maine,  609. 
Mexico,  714. 
NeTada,  309. 
New  Jersey,  171. 
New  Mexico,  354. 
New  York,  157,  697. 
Pennsylvania,  635,  636. 
Turkestan,  300. 
Washington,  379. 
Limestone : 

Arkansas,  2. 
Georgia,  441. 
Massachusetts,  79. 
Pennsylvania,  199,  638. 
Texas,  36. 
Virginia,  93. 
Porphyry,  Oklahoma,  228a. 
Quartzlte : 

Georgia,  688. 
Virginia,  93. 
Sand: 

California,  364. 

District  of  Columbia,  131, 

147. 
Florida,  201. 
Holland,  432. 
Maryland,  91. 
Massachusetts,  536,  537. 
Michigan,  189. 
Minnesota,  167.    . 
New  York,  148, 189,  697. 
Pennsylvania,  635,  636. 
Texas,  36. 
Washington,  379. 
Sandstone : 

Arkansas,  2. 
Connecticut,  195,  230. 
Georgia,  441. 
Maryland,  91. 
Massachusetts,  195. 
»  New  Mexico,  354. 

Pennsylvania,  638. 
South  Carolina,  226. 
Texas,  36. 
Shale : 

Connecticut,  195. 
Maryland,  91. 
Massachusetts,  195. 
New  York,  356,  689. 
Pennsylvania,  199. 
Tuff,  Washington,  51. 
Structures : 
Faults : 

Arkansas,  542,  647. 
Connecticut,  195. 
Indian  Territory,  647. 
Fissures,  Washington,  51. 
Fractured    rocks    in    general, 

392. 
Joints : 

Arkansas,  645. 
Connecticut,  195. 


Underground  water — Continued. 
Occurrence  of — Continued. 
Structures — Continued. 
Faults — Continued. 

Indian  Territory,  645. 

Maine,  608. 

New  Hamx>shire,  608. 
Systems.     See  also  Formations. 
Cambrian  : 

Alabama,  606. 

Iowa,  511. 

Minnesota,  248. 

New  York,  689. 

Pennsylvania,  199. 
Carboniferous : 

Alabama,  606. 

Illinois,  394. 

Indiana,  395. 

Iowa,  511. 

Kentucky,  227. 

Maryland,  91,  427. 

Mississippi,  337. 

Ohio,  396. 

Oklahoma,  228a. 

South  Dakota,  87. 

Tennessee,  227. 

West  Virginia,  203,  427. 
Cretaceous : 

Alabama,  606. 

Arkansas,  671. 

Colorado,  87. 
Delaware,  88. 
Kansas,  87. 
Louisiana,  671. 
Maryland,  91. 
Minnesota,  247,  248. 
Mississippi,  337. 
Nebraska,  87. 
New  Jersey,  363. 
New  Mexico,  354. 
New  York,  689. 
North  Carolina,  200. 
North  Dakota,  247. 
Oklahoma,  228a. 
South  Carolina,  226. 
South  Dakota,  87,  551. 
Tennessee,  227. 
Virginia,  93. 
Wyoming,  87. 
Devonian : 

Illinois,  394. 
Maryland,  91. 
Missouri,  592. 
New  York,  356,  689. 
Pennsylvania,  199. 
Tennessee,  227. 
Jurassic,  Wyoming,  87. 
Newark : 

South  Carolina,  226. 
Virginia,  93. 
Ordovlcian : 

Arkansas,  542,  544. 
Iowa,  511. 
Minnesota,  248. 
New  York.  689. 
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Underground  water — Continued. 
OccurrenM  of — Continued. 
Systems — Cont  Inued . 
Pre-Cambrlan : 
Iowa,  511. 
New  York,  689. 
Silurian : 

New  York,  689. 
Pennsylvania,  199. 
Tennessee,  227. 
Tertiary : 

Alabama,  606. 

Arkansas,  542,  544,  671, 

672. 
Colorado,  87. 
Delaware,  88. 
Illinois,  394. 
Indiana,  395. 
Kansas,  87. 

Louisiana,  256,  671,  672. 
Maryland,  91. 
Mississippi,  337. 
Nebraska,  87. 
Oklahoma,  228a. 
^  South  Carolina,  226. 

South  Dakota,  87,  551. 
Tennessee,  227. 
Virginia,  93. 
Wyoming,  87. 
Trlasslc : 

Connecticut,      195,      230. 

545. 
Massachusetts.  195,  545. 
New  Jersey,  363. 
New  York,  689. 
Pennsylvania,  199. 
Virginia,  93. 
Underground  water,  unusual  depth  of,  Ari- 
zona, 503. 
Undergrotmd  waters. 

Circulation  of.     See  Circulation. 
Classification  of,  Mississippi,  411. 
Composition  and  quality  of.     See  Com- 
position. 
Contamination  of.      See  Contamination. 
Decline  of.     See  Decline. 
Deposits  by.     See  Deposits. 
Descriptions.     See  under  States. 
Field  analysis  of,  390. 
Fluctuations  of.     See  Fluctuation. 
Movements    of.      See    Circulation    and 

movements. 
Part  of.  In  formation  of  ore  deposits. 

See  Ore  deposits. 
Predictions  of  occurrence,  Iowa,  191. 
Relation  to  flow  of  streams,  38. 
Relation    to    igneous    intrusions,    Ken- 
tucky and  Illinois,  14. 
Relation  to  Irrigation,  Colorado.  282. 
Relation  to  structure  of  rocks,  392. 
Relations     to     volcanoes     and     earth- 
quakes. 277. 
Source  of  public  supplies.     See  Uses  of 
underground  waters. 


Underground  waters — Continued. 

Uses.      See  Uses  of  underground  wat^rt. 
Work  of: 

Alteration  of  rocks : 

Alaska,  620. 

Arizona,  403. 

California.  682. 

Indiana,  27. 

Missouri.  577. 

Montana,  627. 

Nevada.  624,  627. 

North  Carolina,  347.  539. 

Tennessee,  347. 

Utah,  348. 

General.  66,  63,  481,  554.  61 T. 
Aqueo-lgneous  fusion,  56. 
Cementation : 

Connecticut,  349. 

New  Brunswick,  349. 

New  Jersey,  349. 

New  York,  349. 

Pennsylvania,  349. 

General,  251. 
Chlorltlzatlon,      North       Cari..!ir^ 

539. 
Deposits.     See  Deposits. 

Nevada,  552. 

North  Carolina.  347. 

Tennessee,  347. 

General,  251.  617. 
Formation  of  hummocks,    ralir  - 

nla,  648. 
Formation  of  stone  reefis,   Btzx: 

41. 
Induration,  Oregon,  569. 
Land  slips,  Montana,  629. 
Lieacbing : 

Arizona,  188. 

North  Carolina.  539. 
Metamorphlsm,  523. 
Replacement,  517,  522,  616. 
Serpentinization,    North    Carolina. 

539. 
Silicificatlon : 

California,  648. 

Nevada,  624. 
Solution : 

Cuba,  196. 

Kentucky,  668. 

Massachusetts.  59. 

Missouri,  592,  597. 

Ohio,  366,  367. 

Tennessee,  59. 

Virginia,  59. 

Yellowstone  National  Park.  :• 
Undermining : 

Arkansas,  212. 

Missouri,  212. 
Work   of   underground    waters  .- 
general : 

Arizona,  405. 

Arkansas,  212. 

Illinois,  12,  13. 

Missouri,  212. 

Montana,  106. 
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Underground  waters — Continued. 
Work  of — Continued. 

Work    of   underground    waters    In 
general — Continued. 

Oregon,  569. 

Philippine  Islands.  669. 

General,  15,  554. 
Work  on,  by : 
Individuals : 

Abbe,  Cleveland,  Jr..  205,  679. 

Adams,  O.   I.,  205,  679. 

Anderson,  J.  A.,  679. 

Ashley,  G.  H.,  679,  680. 

Bain,   H.   F..  205,  680. 

Bayley.  W.  S.,  205.  679,  680. 

Boutwell,  J.  M.,  205,  679,  680. 

Bowman,  Isaiah,  679,  680. 

Calkins,  F.  C,  679. 

Champlin,  F.  A.,  679. 

Clapp,  F.  G.,  G79. 

Clark,  W.  B.,  205. 

Condra,    G.  E.,  679,  680. 

Cooper,  W.  F.,  679. 

Crane,  G.  W.,  679. 

Crlder,  A.  F.,  205,  680. 

Crosby,  W.  O.,  205,  679,  680. 

Dale,  T.  N.,  679. 

Darton,  N.  H.,  679,  680. 

Davis,  C.  A.,  205,  680. 

Eckel,  E.  C,  205,  679,  680. 

Ellis,  E.  E.,  680. 

Fisher,  C.  A.,  679,  680. 

Fuller,  M.  L.,  205,  679,  680. 

Gale,  H.  S.,  679. 

Glenn,  L.  C,  205,  679,  680. 

Gould,  C.  N.,  679,  680. 

Grant,  U.  S.,  205,  680. 

Gregory,  H.  E.,  679,  680. 

Gregory,  W.  M.,  205,  679,  680. 

Hall,  C.  M.,  679. 

Hall,  C.  W.,  205,  679,  680. 

Hallock.  William,  679. 

Harris,  G.  D.,  679. 

Hawkins,  R.,  679. 

Henry,  F.  A.,  679. 

Hodges,  R.  S..  679. 

Hollister,  G.  B.,  205,  680. 

Horton,  R.  E.,  205,  680. 

Johnson,  B.  L.,  205.  680. 

Johnson,  D.  W.,  205,  679,  680. 

Johnson,  E.,  205,  680. 

Johnson,  L.  C,  679. 

Keyes,  C.  R.,  679. 

Kindle,  E.  M.,  205,  680. 

Knapp,  G.  N.,  205,  679,  680. 

La  Forge,  Laurence,  679. 

Landes,  Henry,  679. 

Lane,  A.  C,  205. 

Lee,  W.  T.,  679,  680. 

Leverett,  Frank,  205,  679,  680. 

Lines,  E.  F.,  205,  680. 

Lord,  L.  G.,  679. 

Loughlin,  G.  F.,  679. 

Lovelace,  B.  F.,  679. 

McCallie,  S.  W.,  205,  679,  680. 


Underground  waters — Continued. 
Work  on,  by — Continued. 
Individuals — Continued. 
Martin,  G.  C,  679,  680. 
Mendenball,  W.  C.  679, 680. 
Norton.  W.  H.,  205,  679.  680. 
Norwood,  C.  J..  205. 
O'Harra,  C.  C,  680. 
Perkins,  G.  H.,  679,  680. 
Purdue,  A.  H.,  205,  679. 
Pynchon,  W.  H.  C,  679. 
Rathbun.  F.  D.,  679. 
Richardson.  G.  B.,  679,  680. 
Russell,  I.  C,  679. 
Setchell.  W.  A.,  679. 
Shepard.  E.  M.,  205,  679,  680. 
Shultz,  A.  R.,  205,  679.  680. 
Slebenthal.  C.  B.,  679,  680. 
Simpson,  H.  E.,  680. 
Slichter,  C.  S.,  679,680. 
Smith.  E.  A..  205,  679,  680. 
Smith,  G.  O..  205,679,680. 
Smith.  W.  S.  T.,  205,  679,  680. 
Stephenson,  L.  W.,  680. 
Stose,  G.  W.,  205,680. 
Tarr.  R.  S..  679. 
Taylor,  F.  B.,  679. 
Todd,  J.  E.,  679,  680. 
Udden,  J.  A.,  205,  679,  680. 
Veatch,  A.  C,  205,  679,  680. 
Washburn,  W.  C,  679. 
Watson,  T.  L.,  205. 
Weed.  W.  H.,  679,  680. 
Weeks,  F.  B.,  205,  679,  680. 
White,  C.  H.,  679. 
White,  I.  C,  205. 
Whitney,  F.  L.,  679. 
Wilder,  F.  A.,  679. 
Willard,  D.  E.,  679,  680. 
Brasllian  Government,  584. 
Peruvian  Government,  584. 
United   States   Geological   Survey, 
191,  193,  204.  205,  584.  679,  680. 
United  States  Reclamation  Service, 
680. 
United  SUtes. 

Principal  publications  relating  to  un- 
derground waters  : 

Bibliographic  review  and  index  of 
papers  relating  to  underground 
waters     published     by     United 
States  Geological  Survey,  1879- 
1904,  204. 
Preliminary    list   of   deep   borings 
in  the  United  States.  89. 
Unwatering.     See  Pumping. 
Upper  Marshall  sandstone.     See  Underground 

waters,  occurrence  of. 
Upper   Washington   limestone.     See   Under- 
ground waters,  occurrence  of. 
Use  of  underflow  for  irrigation,  general.  699. 
Use  of  well  records,  193. 
Use  of  wells,  precautions  in.  889. 
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Uses  of  underground  waters. 

Drainage    tunnels,    irrigation,     Persia, 

301. 
Infiltration  galleries,  public  supplies : 
France,  225. 
Indiana,  502. 
Wyoming,  703. 
Mine  waters: 

Boilers,  Arkansas,  75. 
Power,  Arizona,  330. 
Public  supply,  Australia,  466. 
Springs : 

Bathing : 

Cuba,  196. 

Montana,  687. 

Washington,  379. 

General,  687. 
Boilers : 

Indian  Territory,  244. 

Washington,  379. 
Heating,  general,  687. 
Irrigation : 

Idaho,  806,  567. 

Italy,  444. 

Massachusetts,  678. 

Nebraska,  308,  314. 

New  York,  676. 

Oklahoma,  228a. 

Persia,  301. 

Texas,  36,  50,  81,  137, 141,  658, 
698. 

Turkestan,  97. 

Virginia.  497. 
Medicinal   (therapeutic)  : 

Cuba,  196. 

New  Hampshire,  198. 

New  York,  689. 

Philippine  Islands,  669. 

Tennessee,  227. 

General,  687. 
Power : 

Arizona,  330. 

Indiana,  395. 

Missouri,  566,  577. 

New  York,  689. 

Wisconsin,  591. 
Private  supplies    (domestic)  : 

California.  69. 

New   Hampshire,  198. 

New   York,  689. 

Pennsylvania,  638. 

South  Carolina,  226. 

General   discussion,  223. 
Public  supplies: 

Connecticut,  230. 

Cuba,  196. 

England,  30. 

France,  431. 

Illinois,  438. 

Louisiana,  256. 

Maine,  609,  694. 

Maryland,  427. 

Missouri,  409,  519. 

New  Jersey,  371. 

New    York,  159,  546,  689. 

Oklahoma,  228a. 

Pennsylvania,    58,    635,     636, 
68& 


Uses  of  underground  waters — ContlBiKd. 
Springs — Continued. 

Public  supplies — Continued. 

Philippine   Islands.  631. 

Quebec,  332. 

South  Carolina,  226. 

Texas,  50. 

Turkestan,  97. 

Utah,  118. 

Vermont,  532. 

Washington,  379. 

West  Virginia,  427. 

General,  223,  595. 
Resorts : 

Arkansas,  664. 

Germany,  43. 

Maine,  664. 

Massachusetts,  657. 

Pennsylvania,  638. 

Tennessee,  227. 

Virginia,  664. 

Washington,  379. 
Source  of  chemicals,  687. 
Underground  streams : 
Public  supplies: 

Cuba,  196. 

Mexico,  177. 
Formation  of  oases,  Sahara.  346. 
Wells : 

Boilers : 

Arkansas,  542. 

Indian    Territory,  244. 

Oklahoma,  244. 

Washington,  379. 
Creameries,  New  York,  689, 
Drainage  of  ponds,  Michigan.  2x5. 
Drainage  of  swamps,  Virginia.  S7S- 
Heatlng : 

Idaho,  687. 

Montana,  687. 
Ice    plants,  Arkansas,  542. 
Irrigation : 

Algeria,  494,  528. 

Arizona,  387. 

Arkansas,  652,  662. 

California,  26.  187,  284,  383, 
386,  446.  452,  453.  454. 
455,  456,  458,  494,  Q0», 
665.  676,  69a 

Colorado.  305,  640. 

Idaho,  310. 

India,  494.  676. 

Kansas,  254.  640,  719. 

Louisiana,  256.  558. 

Massachusetts,  678. 

Nebraska,  640. 

Nevada,  25. 

New  Jersey,  492,  678. 

New  Mexico,  287, 354, 676. 

New  York.  546. 

Oklahoma,  228a. 

Oregon.  569. 

Queensland.  494. 

Sahara,  528. 

South  Dakota,  311. 

Southern  United  SUtet,  671 


IN    UNITED  STATES   IN    1905. 


125 


Uses  of  undersrrouDd  waters — Continued. 
Wells — Continued. 

Irrigation — Continued. 

Texas,  19.  36,  50,  81,  141. 
185.  287.  315.  318.  319. 
320.  322.  323.  325.  530. 
651.  658.  669.  698. 

HUh,  574. 

Washington.  379. 

Wyoming.  307. 

Genei;|il.  274.  699. 
Laundry  purposes,  general,  598. 
Manufacturing  purposes: 

Connecticut,  545. 

Louisiana,  256. 

Massachusetts,  195.  545. 

New  Hampshire.  198. 

New  Jersey,  149,  171. 

New  York,  689. 
Pcwer : 

Arizona,  288. 

Mexico.  177. 

New  South  Wales,  73. 

New  York,  689. 

Queensland.  73. 
Private  supplies  (domestic)  : 

California,  384. 

Colorado,  302. 

Connecticut.  195,  545. 

Iowa,  417.  575. 

Louisiana.  256. 

Massachusets.  195,  645. 

Minnesota.  248. 

New  York,  689. 

North  Dakota,  370. 

Oregon,  669. 

Washington.  379. 

Washington,  379. 

Wisconsin,  581. 

Wyoming.  307. 

General.  223. 
Public  supplies: 

Arkansas,  542. 

Australia.  466. 

California,  60,  65,  258,  340, 
468. 

Connecticut,  545. 

Cuba,  196. 

Denmark,  431. 

England.  .30,  160. 

Germany.  590. 

Illinois,  156,  438. 

Indiana.  37,  502. 

Iowa,  417,  575,  667. 

Maine,  18. 

Maryland;  91. 

Michigan,  169.  211. 

Minnesota.  710. 

Missouri,  503. 

Nevada,  626. 

New  Jersey.  142,  363.  371. 
492,  674. 

New  York,  157,  159,  224,  656. 
697. 

North  Carolina,  442. 

Ohio,  231,  393. 


Uses  of  underground  waters — Continued. 
Wells— Continued. 

Public  supplies — Continued. 
Pennsylvania,  58,  632, 
South   Carolina,  226. 
Texas,  60. 
Washington,  379. 
General,  695. 
Resorts : 

New  Hampshire,  198. 
New   York,  689. 
Pennsylvania,  664. 
Underground  waters  in  general: 
Boilers,  31. 
Irrigation : 

Argentine  Republic,  76. 
England,  30. 
Medicinal,  257. 
Uuh. 

Alkali  waters.  702. 

Artesian  waters,  34. 

Bibliography  containing  references  to 

underground  waters,  204. 
Blowing  wells,  34. 
Brines,  34. 
Fissures,    relation    to    circulation    of 

underground  waters,  35,  348. 
Mine  waters,  32,  35. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore    deposits,     part    of    underground 

waters  in  formation  of,  32,  33,  35. 
Seepage,  574. 
Springs : 

Descriptions,  32,  52,  98. 
Discharge,  273. 
Supply  of  lake  by,  62. 
Types: 

Mound  springs,  84. 
Oil  'Springs,  420. 
Pitch  springs.  34. 
Saline  springs,  420. 
tJnderdrainage    of    alkali    lands,    698, 

708.. 
Underground  streams.  32. 
Underground  waters : 
Circulation.  35,  348. 
Composition,  333. 
Interference    with    placer    work- 
ings, 35. 
Occurrence,    descriptions,  32,  333. 
Part    in    alteration    of    limestone, 
348. 
TTses  of  underground  waters : 

Artesian  wells.  Irrigation,  574. 
Springs,  public  supplies.  118. 
Water  level,   relation  to  depth  of  su- 
perficial alteration.  35. 
Water  table : 

Depths,  333. 
Map  of  depths,  574. 
Relation  to  alkali,  333,  574. 
Wells : 

Artesian    wells,    descriptions,    98, 

333. 
Thermal  wells.  34. 
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Uuh — Continued. 

Wells — Continued. 

Wells  in  general : 

Descriptions,  89,  407,  420. 
Records,  34,  407. 
Statistics,  89,  407. 


Vegetation,  relation  to  water  taUe. 
Michigan,  410. 
General,  3. 
Veins,  part  of  underground  waters  in  alter- 
ation of. 

Alaska,  620. 
Nevada,  626. 
Veins,  part  of  underground  waters  in  forma- 
tion of. 

Alaska,  619. 
Arizona,  403. 
California,  619. 
Nevada,  624,  626. 
Victoria,  402. 

General,  290,  476,  624,  526. 
Vermont. 

Ribliographies     containing     references 

to  underground  waters,  204,  532. 
Frozen  well,  83. 
Mineral  waters,  production  and  value, 

100,  527. 
Principal  publications : 

List    of   deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  532. 
Water   resources  of  the   Fort  Ti- 
conderoga  quadrangle,   Vermont 
and  New  York,  83. 
Water    resources    of    the    Taconic 
quadrangle.   New   York,    Massa- 
chusetts, and  Vermont,  657. 
Springs : 

Mineral  springs,  list  of,  532. 
Springs  in  general  : 
Analyses,  532. 
Descriptions,  83,  532. 
Underground  waters : 
Composition,  532. 
Occurrence,  descriptions,  657. 
Uses  of  underground  waters,   springs, 

public  supplies,  532. 
Wells : 

Artesian  wells,  descriptions,  532. 
Wells  in  general : 

Descriptions,    83.  89,  407,  532. 
Distribution,  532. 
Records,  407. 
Statistics,  89,  407. 
Temperatures.  83. 
Victoria,    part    of    underground    waters    in 

formation  of  gold  quartz  veins,  402. 
Virginia. 

Bibliographies     containing     references 

to   underground   waters,  89,  93,  204, 
Drainage  of  swamps  into  wells,  378. 
Mineral  waters,  production  and  value, 
100,  527. 


Virginia — Continued. 

Principal  publications : 

List    of   deep    borings    in    U^Jt-: 

States,  89. 
Underground    waters    of    easttr: 
United  States.  93. 
Solution  features,  571. 
Springs : 

Mineral  springs,  list  of.  93. 
Thermal  springs,  descriptions.  K. 

497.  p 

Springs  in  general : 

Contamination.  393. 
Descriptions,  93,  378. 
Relation  to  faults.  93. 
Temperatures,  497. 
Underground  waters: 
Occurrence : 

Descriptions,  93. 
Formations : 

Chesapeake,  93. 
Pamunkey,  93. 
Potomac.  93. 
Materials  : 

Granite,  93. 
Limestone.  93. 
Quartzite,  93. 
Systems : 

Cretaceous,  93. 
Newark,  93. 
Tertiary,  93. 
Triassic,  93. 
Work  of,  in  formation  of  natom: 
bridges,  59. 
Uses  of  underground  waters,  springs: 
Irrigation,  497. 
Resorts,  664. 
Water   table,   relation   to    sewage   srs- 
tem,  166. 
.    Well  waters,    purification  of,  497. 
Wells : 

Artesian  wells,  descriptions,  93. 
Wells  in  general : 

Descriptions,  89, 407. 
Records,  407. 
Statistics,  89,  93,  407. 

Volcanic  waters. 
Descriptions : 

Arizona,  403. 
Philippine  Islands.  669. 
Windward  Islands,  270. 
General,  271. 
Origin,  270,  271,  277. 
Volcanic  waters,  part  of,   in   formation  vf 

ore  deposits,  484. 
Volume.     See  Discharge. 

W. 

Washington. 

Artesian  conditions,  51,  610. 

Artesian  requisites,  51. 

Bibliography  containing   references  t.- 

underground  waters,  204. 
Mineral  waters,  production  and  valuf. 

100,  527. 
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lA^ashington — Continued. 

I'rinclpal  publications : 

Geology    and    water    resources    of 

east-central  Washington,  51. 
List    of    deep    borings    in    United 

States,  80. 
Preliminary   report  on  tbe  under- 
ground   waters   of   Washington, 
379. 
Seepage,  379.  681. 
Springs : 

Analyses,  379. 
Descriptions : 

Gas  springs,  379. 
Thermal  springs,  51. 
Springs  in  general,  51,  379. 
Underdralnage  of  alkali  lands,  698,  708. 
Underground  waters: 
Circulation,  379. 
Composition,  379. 
Occurrence : 

Descriptions,  379. 

Fissures,  51. 

Formation,  Ellenburg  beds,  51. 

Materials : 

Alluvium,  51. 
Basalt,  51,  379. 
Sand  and  gravel,  379. 
Tuff,  51. 
Uses  of  underground  waters : 
Springs : 

Bathing,  379. 
Boilers,  379. 
Public  8uppliea/379. 
Resorts,  379. 
Wells : 

Boilers,  379. 
Irrigation,  379. 
Private  supplies,  379. 
Public  supplies,  379. 
Wells : 

Artesian    wells,    descriptions,    51, 

879.- 
Wells  In  general : 
Construction,  51. 
Descriptions,  89,  379,  407. 
Records,  407. 
Statistics.  89.  407. 
Testing.  51. 
Water,  proportion  In  freshly  quarried  rocks, 

110. 
Water-bearing  strata,  types  of,  197. 
Water  caverns,  Michigan,  342. 

Water  level. 

Relation  to  depth  of  superficial  altera- 
tion, Utoh,  35. 
Relation  to  mining: 
*  Colorado.  478.  487. 
Maryland,  686. 
Water    power.     See    Uses    of    underground 

waters. 
Waterless  conditions  In  Baluchistan,  301. 
Water   supply.     See   Uses    of   underground 
waters. 


Water  table. 

Decline.     See  Decline  of  underground 

waters. 
Definition.  383. 
Depths : 

Arizona,  385. 
Nevada.  471. 
New  York,  17. 
Utah.  .333. 
Descriptions : 

Arizona.  387. 
California,  252. 
Massachusetts,  80. 
Effect  of  freezing  and  thawing  on,  3. 
Effect  of  irrigation  on : 
California,  1,  26. 
General.  112.  641. 
Effect  of  pumping  on : 
Australia,  406. 
California,  133. 
Michigan.  146. 
Effect    of    sewage    disposal    on.  New 

York.  17. 
Fluctuations  of: 

California,  1,  26,  252,  446. 
Massachusetts,  151.  638. 
New  York,  135,  546. 
Texas,  603. 
General,  112,  641. 
Maps  of: 

Arizona,  387. 
Utah,  333,  574. 
Noneffect  of  filter  plant  on,  New  York, 

129. 
Nonfluctuation  of,  New  York,  17. 
Raising  of,  artificially,  630. 
Relation  to  occurrence  of  alkali : 
Utah,  333.  574. 
General,  641,  709. 
Relation  to  ore  deposits : 
Alabama.  607. 
Texas.  559. 
Wisconsin,  113. 
Relation    to    sewage    system,  Virginia, 

166. 
Relation  to  vegetation : 
Michigan,  410. 
General.  3. 
Waterworks  statistics.  595. 
Waterlime.     See    Underground    waters,    oc- 
currence of. 
Wasmesburg    sandstone.     See    Underground 

waters,  occurrence  of. 
Well  batteries,  arrangement  of,  223. 
Well  construction.     See  Wells,  construction. 
Well  points,  252. 
Well  prospects. 
Delaware,  88. 
Indiana,  395. 
Iowa,  512. 
Maryland,  426,  427. 
Ohio,  396. 

West  Virginia.    427. 
Wells  and  borings. 

Analyses.     See  Analyses,  wells. 
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Wells  and  borings — Continued. 
Construction : 

Difficulties  of,  142. 
Methods : 

Diamond-drill  boles,  253,  338. 

Stovepipe  method,  600,  602. 
Localities : 

Algeria,  346. 

Arkansas,  542,  544,  652. 

California,  262,  258.  364,  600, 
602. 

Illinois,  436,  437. 

Louisiana,  256. 

New  Jersey,  142. 

New  York,  224. 

Sahara,  346. 

Texas,  36,  603. 

General,  183. 
Contamination.      See     Contamination, 

wells. 
Cost.     See  Cost  of  wells. 
Description : 

Artesian  wells : 

Alabama,  606. 

Algeria,  346,  494,  528. 

Arkansas,  504,  672. 

California,  494,  562,  665,  721. 

Colorado,  87. 

Cuba.  196. 

Delaware.  88. 

Egypt,  121. 

England,  30. 

Florida,  201,  431. 

Idaho,  310,  311. 

Illinois,  394. 

Indiana,  20,  37,  395. 

Iowa,  511. 

Kansas,  87. 

Kentucky,  7,  594. 

Louisiana,  256,  515,  658,  671. 

Maine.  18,  608. 

Maryland,  427. 

Massachusetts,  80. 

Michigan,  202,  267. 

Minnesota,  247,  248. 

Mississippi,  266,  337,  411,  594. 

Missouri,  592,  593,  594. 

Nebraska,  87. 

New  Hampshire,  608. 

New  Jersey,  363,  492. 

New  Mexico,  287. 

New  York,  356,  656,  689. 

North  Carolina,  200. 

Ohio,  396. 

Oregon,  569. 

Pennsylvania,  58. 

Queensland,  494. 

Sahara,  346,  528. 

South  Carolina,  21. 

South  Dakota,  87,  247,  431. 

Tennessee,  227,  594. 

Texas,  36,  185,  316,  322,  323, 
515. 

Utah,  98. 

Vermont,  532. 

Virginia,  93. 

Washington,  51,  379. 


I  Wells  and  borings — Continued. 

Description — Contlnaed. 
I  Artesian  wells — Contlnned. 

!  West  Virginia,  203,  427. 

Wisconsin,  170.  5S1. 
Wyoming,  87,  307. 
Blowing  wells : 
Utah,  34. 
General,  486. 
Horizontal  wells,  Oregon,  568. 
Thermal  wells,  UUh,  34. 
Wells  In  general : 

Alabama,  89,  407,  606. 
Arizona.  89,  288,  385,  387.  4«.tT. 
Arkansas,  89,  407,  542,  54.^ 
California,   65,   89,   25$,  4iiT. 

408, 468. 
China,  507. 

Colorado,  89,  303.  407,  mo. 
Connecticut,  89, 195,  230.  44'7. 

545. 
Cuba,  196. 
Delaware,  89,  407. 
District  of  Columbia.  89.  92. 

407. 
England.  160. 
Florida,  89,  201.  407. 
Georgia,  89,  407,  441.  704. 
Idaho,  84,  89,  407. 
Illinois,    89,    394,    407.    43^, 

437. 
Indian  Territory,  89, 407. 
Indiana,  89,  407,  502. 
•  Iowa.  89,  407. 
Kansas,  87,  89,  407,  615.  ^o 
Kentucky,  89.  227.  407. 
Louisiana,  89,  407. 
Maine,  89,  407. 
Maryland,  89, 91.  407. 
Massachusetts,  89,   105.  4<K. 

545. 
Mexico,  177,  714. 
Michigan,  89,   169,  211.  267. 

407. 
Minnesota,  89.  247.  248,  407. 
Mississippi,  89,  337,  407,411 
Missouri.    89.    407.    577,   57S 

592,  593,  615. 
Montana,  89,  407. 
Morocco,  179. 
Nebraska,  89.  407.  640. 
Nevada,  89,  407. 
New  Hampshire,  89,  407. 
New  Jersey,  89, 171.  .369.40T 

674. 
New    Mexico,    89.    354.   4«)7 

675. 
New  York.  82,  89.  407,  54»' 

689.  697. 
North  Carolina,  89,  407. 
North  Dakota,  89,  247. 407. 
Ohio,  89,  407. 
Oklahoma,  89,  407. 
Oregon.  89.  407.  569. 
Pennsylvania,    89,    407,   4«C 

636. 
Persia,  298. 
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Wells  and  borings — Continued. 
Description — Continued. 

Wells  in  general — Continued. 
Queensland,  242. 
Rhode  Island.  89.  407. 
Saraba,  345. 
South  Australia,  139. 
South  Carolina,  89,  226,  407. 
South  Dakota,  89.  407. 
Tennessee,  89,  227,  407. 
Texas,  81,  89.  185,  318,  319, 

321.  407,  573,  659. 
Turlcestan.  97. 
rtah,  89,  407,  420. 
Vermont,  83,  89.  407.  532. 
Virginia.  89,  407. 
Washington,  6,  89,  379,  407. 
West  Virginia.  8.  89,  407. 
Wisconsin,  89,  407. 
Wyoming,  89,  407. 
DistrlbuUon : 

Artesian  wells : 
Alabama,  613. 

California.  384,  452,453,464. 
Iowa,  706. 
Utah,  333. 
Wells  in  general : 

Pennsylvania,  199. 
Vermont,  532. 
Pumping.     See  Pumping. 
Records.     See  Records. 
Statistics.     See  Records  and  wells  un- 
der States : 

Connecticut,  195. 
Illinois.  437. 
New  Mexico,  602. 
Texas,  602. 
Washington.  51. 
Yield.     See  Discharge. 
General  papers : 

Advantages    of    deep    wells    over 

shallow  wells,  442. 
Availability    of    wells    In    mining 

districts,  500. 
Conditions  relative  to  : 
Montana,  94. 
South   Dakota.  94. 
ElTect  of  deforestation  on,  Michi- 
gan. 209,  211. 
Effect   of   ditching   on,    Michigan. 

209,  211. 
Effect  of  frost  on,   Michigan,  209, 

211. 
Effect  of  quarrying  on,  Michigan, 

200. 
Effect    of    rainfall    on,    Michigan, 

209,211. 
Effect  on  flow  of  springs,  Texas, 

50. 
Failure  of : 

Michigan,  209,  211. 
West   Virginia.  .504. 
Fluctuation    of   water    in,    Japan, 

654. 
Interpretation    of    geology    from. 
New  York.  82. 

IRR  163—06 9 


Wells  and  liorlngs — Continued. 
General  papers — Continued. 

Location  of,  by  divining  rod,  Ger- 
many. 132.  480. 
Necessary  conditions  for.  18. 
Need  of.  South  Africa.  493. 
Perforation  of  casing,  258. 
Precautions  in  use  of.  389,  450. 
Protection     from     contamination, 

183. 
Radio-active      waters,       Missouri, 

578. 
Recovery   of   underground    waters 

by,  197. 
Relation  to  faults.     See  Faults. 
Sanitary  locations  of,  184,  544. 
Screens,    use    of    in    wells,    Ix)ui8- 

lann,  250. 
Use  of  reclamation  fund  for  con- 
struction of,  501. 
I'ses.     See    Uses    of    underground 

waters,  wells. 
General  descriptions.  324. 
West   Virginia. 

Bibliographies  containing  references  to 

underground   waters,  89,  203,  204. 
Failure  of  springs  and  wells,  504. 
Mineral  waters,  production  and  value, 

100,  527. 
I^rinclpal  publications : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

I'nlted  States,  203. 
Water  resources  of  the  Frostburg 
and  Flintstone  quadrangle,  Ma- 
ryland and  West  Virginia,  427. 
Water    resources   of    the    Nicholas 

quadrangle,  8. 
Water    re.source8    of   the    Pawpaw 
and  Hancock  quadrangles.  West 
Virginia,    Maryland,    and    Penn- 
sylvania, 689. 
Springs  : 

Mineral  springs,  list  of,  203. 
Springs  in  general : 
Analyses.  639. 
Descriptions,  8,  203,  630. 
Distribution,  427. 
Temperature,  639. 
Underground  w^aters : 
Occurrence : 

Descriptions,  8,  639. 
Formations  : 

Greenbrier,  427. 
nelderl)erg.  427. 
Systems,    Cnrlx)niferou8,    427. 
Uses  of  underground   waters,   springs, 

public  supplies.  427. 
Well  prospects,  427. 
Wells : 

Artesian  wells,  descriptions,  8,  203, 

427. 
Wells  in  general,  descriptions,  8. 
Wisconsin. 

Bibliographies  containing  references  to 
underground  waters,  89,  204,  581. 
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Witcontin — Continued. 
Mine  waters,  392. 
Mineral  springs,  list  of,  681. 
Mineral  waters,  production  and  value, 

100,  527. 
Ore  deposits,  part  of  underground  wa- 
ters in  formation  of,  113,  301,  392. 
Principal  publicatlohs  : 

List    of    deep    borings    in    United 

States,  89. 
Underground    waters    of    eastern 

United  States,  581. 
Water    resources    of    the    Mineral 
Point  quadrangle,  229. 
Springs,    descriptions,  229,  581. 
Underground  waters : 
Circulation,  392. 
Composition,  581. 
Occurrence : 

Descriptions,    229,    392,    472. 

690. 
Formations : 

Galena,  229,  581. 
Lower  Magnesian,  581. 
Niagara,  581. 
Plattevllle,  229. 
Potsdam.  229,  581. 
St.  Peters,  229,  681. 
Trenton,  581. 
Materials : 

Crystalline  rocks,  690. 
Drift,  581. 
Uses  of  underground  waters : 
Springs,  power,  581. 
Wells,  private  supplies,  581. 
Wells : 

Artesian    wells,   descriptions,    170, 

581. 
Wells  in  general : 

Descriptions,  89,  407. 
Records,  407. 
Statistics,  89,  407. 
Wyoming. 

Absorption  of  water  by  caves,  108. 
Absorption  of  water  of  streams,  108. 
Artesian  conditions,  86,  87. 
Artesian  water  map,  94. 
Bibliographies  containing  references  to 

underground  waters,  89,  204. 
Brine  springs,  87. 
Law  relating  to  seepage  from  canals, 

164. 
Mineral  waters : 

Composition,  72. 
Production  and  value,  100.  527. 
Principal  publications: 
Aladdin  folio,  04. 
Geology    and    water    resources    of 

the  central  (treat  Plains,  87. 
List    of    deep    borings    In    United 

States,  89 
Sundance  folio,  86. 


Vfyonung — Continued. 
Return  seepage,  662. 
Seepage  from  canals.  181. 
Seepage  through  dams.  763. 
Seepage,  measurement  of,  ISl.  182. 
Springs : 

Analyses,  87. 
Descriptions,  86. 
Relation  to  fault.  72. 
Subsurface  dams,  703. 
Underground  waters: 
Occurrence : 

Descriptions.  87. 
F'ormations : 

Cbadron,  87. 
Dalcota.  86,  87. 94. 
Deadwood,  86, 94. 
Lakota.  86.  94. 
Laramie,  87. 
MinnekahU.  86. 
Minnelusa,  86.  94. 
Pahasapa,  86,  94. 
Sundance.  87. 
Systems : 

Cretaceous,  87. 
Jurassic,  87. 
Tertiary,  87. 
Uses  of  underground  waters : 
Infiltration  galleries.  703. 
Wells.  307,  703. 
Wells : 

Conditions  relative  to.  94. 
Descriptions : 

Artesian  wells,  87,  307. 
Wells  in  general.  89.  407. 
Records,  87,  407. 
Statistics,  87,  89,  407. 
Whitehorn     sandstone.      See     Undergroand 

waters,  occurrence  of. 
Windmills.     See  Pumping. 
Windward  Islands,  thermal  springs,  271. 
Winslow  sandstone.     See  Underground  wa 

ters,  occurrence  of. 
Work  of  United  SUtes  (;eological  Survey. 
Collection  of  samples.  193,  670, 681). 
Collection  of  well  records.  193.  680. 
Fluctuation    of    water    table    In   Cali- 
fornia, 26. 
Underground  waters,  191. 193,  204. 205. 
584,  679,  680. 


Yellowstone  National  Park. 
Spring  deposits,  687. 
Work  of  underground  waters  In  formi- 

tlon  of  natural  bridges,  59. 
Work  of  W.  II.  Weed  on  hot  spring*. 
679,  680. 
Yellville    dolomite.     See    Underground    w«- 

ters,  occurrence  of. 
Yield.    See  Discharge. 
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The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
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Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnisheil  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  Geography;  (t,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  (),  Underground  waters;  P,  Hydrographic  progress  reports. 
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SERIES  O,  UNDERGROUND  WATERS. 

WS     4.  A  rcconnalsiance  in  southeasterii  Wiushingtoii,  by  I.  C.  Rumell.    1897.    96  pp.,  7  pis.    (Out  of 

stock.) 
WS     6.  Underground  waters  of  Houthwestem  Kansas,  by  Erasmus  Haworth.    1897.    65  pp.,  12  pis. 

(Out  of  stock.) 
WS     7.  Seepage  waters  of  northern  Utah,  by  Samuel  Fortier.    1897.    50  pp.,  8  pis.    (Out  of  stock.) 
WS   12.  Underground  waters  of  southeastern  Nebraska,  by  N.  H.  Darton.    1«9H.    56  pp.,  21  pis.    (Out 
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W8   21.  Wells  of  northern  Indiana,  by  Frank  Leverett.    1899.    82  pp.,  2  pis.    (Out  of  stock.) 
WS   26.  Wells  of  southern  Indiana  (continuation  of  No.  21),  by  Frank  Leverett.    1899.    64  pp.    (Out 

of  stock.) 
WS   30.  Water  resources  of  the  lower  peninsula  of  Michigan,  by  A.  C.Lane.    1899.    97  pp.,  7  pis.     (Out 

of  stock.) 
WS   31.  I^wer  Michigan  mineral  waters,  by  A.  C.  Lane.    1899.    97  pp.,  4  pis,    (Out  of  stock.) 
WS   34.  Geology  and  water  resources  of  a  portion  of  southeastern  South  Dakota,  by  J.  E.  Todd.    1900. 

84  pp.,  19  pis. 
WS   53.  Geology  and  water  resources  of  Nez  Perces  County,  Idaho,  Ft.  I,  by  I.  C.  Russell.    1901.    86 

pp.,  10  pis.    (Out  of  stock. ) 
WS   54.  Geology  and  water  rtf<<)urces  of  Nez  Perces  County,  Idaho,  Pt.  I!,  by  I.  ('.  Russell.    1901. 

87-141  pp.    (Out  of  sjock.) 
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WS  55.  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash.,  by  G.  O.  Smith.  1901 

68  pp.,  7  pis.    (Out  of  stock. ) 
WS   67.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  I,  by  N.  H,  Darton.    19©.   eopp. 

(Out  of  stock.) 
WS  59.  Development  and  application  of  water  in  southern  California,  Pt.  I,  by  J.  B.  Lippincott  l»i. 

95  pp..  11  pis.    (Out  of  stock.) 
WS  60.  Development  and  application  of  water  in  southern  California,  Pt.  II,  by  J.  B.  Lippinetitt. 

1902.    96-140  pp.     (Out  of  stack.) 
WS  61.  Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  II.  by  N.  H.  Darton.    1902.   67  pp. 

(Out  of  stock.) 
WS   67.  The  motions  of  underground  waters,  by  C,  S.  Slichter.    1902.    106  pp.,  8  pis.    (Out  of  stak 
B     199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902.  191 

pp.,  25  pis. 
WS   77.  Water  resources  of  Molokai,  Hawaiian  Islands,  by  Waldemar  Uodgren.    1906.    62  pp..  4  pk. 
WS  78.  Preliminary  report  on  artesian  basin  in  southwestern  idaho  and  southeastern  Or^on,  by  I.  C. 

Russell.    1903.    53  pp.,  2  pis. 
PP    17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.    1903.    69  pp.,  43  pis. 
WS  90.  Geology  and  water  resources  of  a  part  of  the  lower  James  River  Valley,  South  Dakota.  \>r 

J.  £.  Todd  and  C.  M.  Hall.    1904.    47  pp.,  23  pis. 
WS  101.  Underground  waters  of  southern  Louisiana,  by  Q.  D.  Harris,  with  discussions  of  their  uses  f<»r 

water'supplies  and  for  rice  irrigation,  by  M.  L.  Fuller.    1904.    98  pp.,  11  pis. 
WS  102.  Contributions  to  the  hydrology  of  eastern  United  States,  1903,  by  M.  L.  Fuller.    1904.   522  pp. 
WS  104.  Underground  waters  of  Gila  Valley,  Arizona,  by  W.  T.  Lee.    1904.    71  pp.,  5  pis. 
WS  110.  Contributions  to  the  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller,  geologist  in 

charge.    1904.    211  pp.,  5  pis. 
PP    32.  Geology  and  undeiKround  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.   1901 
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UNDERGROUND  WATERS  OF  TENNESSEE  AND  KENTUCKY 

WEST  OF  TENNESSEE  RIVER  AND  OF  AN 

ADJACENT  AREA  IN  ILLINOIS. 


By  L.  C.  Glenn. 


INTRODUCTION^. 

In  this  report  is  described  an  area  in  western  Tennessee  and  Ken- 
tucky and  southern  Illinois  in  which  the  surface  formations  are  for 
the  most  part  unconsolidated  deposits  that  were  laid  down  in  an 
embayment  of  the  great  sea  that  once  existed  iu  the  Mississippi  Val- 
ley. In  Tennessee  this  embayment  area  includes  the  portion  of  the 
State  between  Mississippi  and  Tennessee  rivers  with  the  exception  of 
a  narrow  strip  along  the  west  bank  of  Tennessee  River.  In  Kentucky 
it  includes  all  of  the  State  west  of  Tennessee  River  with  the  exception 
of  a  narrow  strip  that  extends  along  the  west  bank  almost  to  Paducah. 
In  Illinois  it  includes  a  large  part  of  Massac,  Pulaski,  and  Alexander 
counties. 

A  part  of  the  summer  of  1903  was  spent  in  field  work,  and  since 
that  time  several  trips  have  been  made  across  various  portions  of  the 
area.  Much  information  has  been  obtained  by  correspondence  with 
owners  of  wells  and  springs  and  with  well  drillers.  The  Illinois  por- 
tion of  the  area  did  not  receive  as  much  study  as  the  others,  but  the 
data  obtained  are  of  suflBcient  value  to  warrant  their  inclusion. 

SOURCE  OF  tTNDEHGROUND  WATER. 

With  the  exception  of  deep  underground  supplies  from  porous  beds 
that  have  received  their  water  where  they  rise  to  the  surface,  perhaps 
many  miles  distant,  the  water  supply  of  any  region  is  abundant  or 
deficient,  constant  or  variable,  in  accordance  with  the  character  of  the 
rainfall.  Only  a  part  of  the  rainfall  contributes  to  the  underground 
water  supply.  The  total  precipitation  may  be  divided  most  conven- 
iently into  three  portions.  One  portion  runs  down  the  surface  slopes 
and  flows  into  the  streams  and  to  the  sea.  A  second  portion  is 
absorbed  by  the  soil  and  fills  the  pores  and  cracks  in  the  solid  rocks 
and  the  interstices  in  the  loose  sands  and  clays,  and  thus  saturates  all 
the  strata  that  are  at  no  great  depth  beneath  the  surface.  The  upper 
limit  of  this  saturation,  or  the  water  table,  is  not  a  plane,  but  a  modi- 
fied reproduction  of  the  actual  surface.     It  rises  beneath  hills,  though 
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not  SO  steeply  as  the  hills,  and  sinks  beneath  valleys,  though  often  so 
much  less  abruptly  that  it  intersects  the  valley  slope.  Where  the 
water  table  does  not  lie  too  far  beneath  the  surface  it  may  be  reached 
by  digging  wells.  Where  it  intersects  the  surface  it  produces  springs 
or  marshes.  From  these  springs  a  part  of  the  absorbed  portion  of  the 
rainfall  flows  to  the  streams  in  the  same  manner  as  the  portion  that 
runs  off  directly  during  and  for  a  short  time  after  rains,  and  except 
this  amount  furnished  by  direct  run-off,  the  supply  from  springs  is 
the  sole  dependence  of  the  surface  streams.  A  third  portion  of  the 
rainfall  is  temporarily  absorbed  by  the  earth  or  held  by  the  covering 
of  leaves  and  vegetation  to  be  evaporated  again  by  the  sun  either 
directly  or  by  transpiration  through  plant  growth. 

The  water  resources  of  the  region  discussed  in  this  paper  are  ven' 
largely  dependent  on  its  rainfall.  The  springs  and  shallow  wells 
derive  their  supplies  exclusively  from  the  rain  falling  in  their  immedi- 
ate vicinity,  while  the  strata  from  which  the  deep  wells  obtain  water, 
though  in  many  cases  not  reached  by  the  immediately  local  rainfall, 
are  supplied  by  rain  that  falls  within  the  limits  of  the  region  or  in 
the  region  just  west  of  Mississippi  River  in  which  Gulf  embayment 
deposits  also  occur.  In  only  a  very  few  cases  do  deep  wells  pierce 
the  hard  rocks  that  lie  beneath  the  soft  sands  and  clays  of  the  embay- 
ment deposits  and  derive  their  water  from  rain  which  has-  fallen 
where  these  hard  rocks  outcrop,  beyond  the  Gulf  embayment  area. 

ARTESIAN^  CONDITIONS. 

GENERAL  STATEMENT. 

The  requisite  conditions  for  the  occurrence  of  artesian  wells  in  any 
region  are  few,  simple,  and  easily  understood.  It  is  often  difficult, 
however,  to  ascertain  whether  a  given  region  meets  all  the  necessary 
conditions.  In  applying  the  principles  of  artesian-well  occurrence  ti) 
particular  localities  numerous  subsidiary  problems  may  arise  that  may 
greatly  modify  results  and  much  uncertainty  may  exist  as  to  the  exact 
geologic  conditions  present.  The  requisite  conditions  have  been  for- 
mulated by  T.  C.  Chamberlin"  as  follows: 

1.  A  pervious  stratum  to  permit  the  entrance  and  the  passage  of  the  water. 

2.  A  water-tight  bed  below  to  prevent  the  escape  of  the  water  downward. 

3.  A  like  impervious  bed  above  to  prevent  escape  upward,  for  the  water,  being  under 
pressure  from  the  fountain  head,  would  otherwise  find  relief  in  that  direction. 

4.  An  inclination  of  these  beds,  so  that  the  edge  at  which  the  waters  enter  will  be  h^her 
than  the  surface  at  the  well.  ^ 

5.  A  suitable  exposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a  soiii- 
cient  supply  of  water. 

6.  An  adequate  rainfall  to  furnish  this  supply. 

7.  An  absence  of  any  escape  for  the  water  at  a  lower  level  than  the  surface  at  the  well. 

"Fifth  Ann.  Rapt.  U.  S.  Geol,  Survey,  1886,  pp.  134-135. 


ARTESIAN    CONDITIONS.  9 

WATER-BEARING  BEDS. 

In  close-grained  strata  like  limestones  water  is  found  in  cracks, 
fissures,  and  irregular  cavities;  in  open-grained  rocks  like  sandstones, 
sands,  and  gravels  it  occurs  in  the  pores  and  interstices  between  the 
rock  particles.  In  the  region  under  consideration  all  the  rocks 
through  which  waters  freely  pass  are  open-grained  sands  and  gravels. 
The  size  of  the  rock  particles  varies  greatly,  however,  ranging  from 


FiQ.  1.— Section  showing  principal  requlaitesof  artesian  wells.  ^4,  a  porous  stratum;  B,  C,  imper- 
vious beds  below  and  above  A,  acting  as  confining  strata;  F,  height  of  water  level  in  porous 
hedi  A,  or,  In  other  words,  height  in  reservoir  or  fountain  head;  D,  E,  flowing  wells  springing 
from  the  porous  water-filled  bed  A . 

fine  silty  sands,  through  which  water  flows  slowly  and  with  difficulty, 
to  very  coarse  sands,  fine  gravels,  or  even  cobbles  in  exceptional 
cases,  which  yield  their  water  supplies  freely.  The  loose,  porous 
water-bearing  beds  of  the  region  are  the  Lagrange  sands,  the  Ripley 
sands,  and  the  Eutaw  sands,  each  of  which  is  described  in  detail. 
The  areal  occurrence  of  each  is  shown  by  the  geologic  map  (PI.  I). 


Fio.  2.— Section  illustrating  thinning  out  of  porous  water-bearing  bed  ^1 ,  inclosed  between  impoi> 
vious  beds  B,  C,  thus  furnishing  conditions  for  artesian  well  at  />,  but  not  at  E. 

As  the  dips  are  westward  each  formation  occurs  as  an  underground 
bed  in  all  of  the  area  west  of  its  outcrop. 

Immediately  underlying  the  entire  area  is  a  floor  of  hard,  close- 
grained  rocks  which  in  some  places  are  sufficiently  seamed  and 
fissured  to  furnish  a  supply  of  artesian  water.  The  drill  has  pierced 
these  hard  beds  underlying  the  loose  embayment  deposits  in  only  a 


FiQ.  3.— Section  showlr^  transition  from  porous  to  impervious  bed.  As  the  bed  A  is  inclosed 
between  impervious  beds  B  and  C,  an  artesian  well  is  obtained  at  D.  At  E,  however.  A  is  imper- 
vious and  water  can  not  be  obtained. 

few  places  around  the  edges  of  the  area,  where  the  old  rock  floor  is 
not  deeply  covered  by  the  later  deposits,  as  at  Corinth,  Miss.;  Lex- 
ington, Tenn.;  Paducah  and  Wickliffe,  Ky.;  Cairo,  111.;  and  More- 
house, Mo.  At  some  of  these  places  the  underlying  hard  beds  are 
fissured  and  yield  water;  at  others  they  are  without  notable  fissures 
and  yield  little  or  none. 
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CONFINING  BEDS. 

Both  above  and  below  the  water-bearing  bed  there  must  be  beds  of 
impervious  material  that  prevent  the  escape  of  the  water  by  natural 
means.  The  imprisoned  water  thus  accumulates  under  pressure  until 
the  impervious  cover  is  pierced  by  the  drill. 

The  presence  of  an  impervious  bed  directly  beneath  the  porous 
water-bearing  stratum  is  not  so  important  as  that  of  one  over  it, 
since,  if  the  underlying  bed  does  permit  the  passage  of  water  through 
it,  the  escape  is  downward  and  lower  impervious  beds  are  almost  sure 
to  be  reached  in  a  short  distance,  so  that  usually  the  ultimate  escape 
of  the  water  is  prevented. 

In  the  region  under  discussion  the  lowest  water-bearing  bed  of 
the  embayment  deposits  over  a  considerable  though  as  yet  not  accu- 
rately delimited  portion  of  the  area  is  the  Eutaw  sand.  Beneath  it 
are  cherts,  limestones,  shales,  or  sandstones  of  Paleozoic  age  that  at 
some  places  are  impervious.  At  other  places  they  are  seamed  or 
fissured,  but  the  water  received  from  overlying  beds  does  not  escape 
either  along  the  seams  or  downward,  as  is  shown  by  the  great  rise 
of  the  water  in  wells  that  enter  these  fissured  beds. 

The  fine  close-grained  clays  of  the  Selma  clay  form  an  impervious 
cover  above  the  Eutaw  sand  and  an  impervious  floor  for  the  overly- 
ing Ripley  sands.  The  Porters  Creek  clays  form  both  an  impervious 
cover  for  the  Ripley  sands  beneath  them  and  an  impervious  floor 
for  the  pervious  Lagrange  sands  above  them. 

DIP. 

The  dip  of  the  Paleozoic  floor  upon  which  the  embayment  sands 
and  clays  rest  is  westward  in  Tennessee;  but  to  the  north,  toward 
the  head  of  the  embayment,  the  dip  gradually  changes  to  south- 
westward  in  Kentucky,  and  finally  becomes  southward  in  southern 
Illinois,  at  the  northern  margin  of  the  deposits.  Farther  west, 
across  southeastern  Missouri  and  eastern  Arkansas,  it,  is  southeast- 
ward. The  rock  floor  in  the  northern  part  of  the  embayment  is 
consequently  spoon-shaped,  with  the  tip  of  the  spoon  extending 
northward  into  southern  Illinois  and  its  eastern  half  underlying 
western  Tennessee  and  Kentucky. 

While  not  much  is  known  of  the  structure  of  this  Paleozoic  floor, 
because  few  borings  have  penetrated  it,  a  study  of  the  borings  and 
of  the  beveled  surface  in  visible  contact  with  the  embayment  deposits 
around  their  margin  indicates  that  the  shape  of  the  floor  is  not  the 
result  of  downward  folding  of  one  stratum  or  series  of  strata,  but 
is  due,  at  least  mainly,  to  erosion  which  occurred  while  the  Paleozoic 
rocks  formed  the  actual  surface  of  the  region,  before  the  embayment 
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deposits  had  been  laid  down.  The  sands  and  clays  of  the  northern 
half  of  the  embayment  were  deposited  in  successive  strata  upon  this 
rock  floor.  They  accordingly  dip  westward  in  Tennessee,  westward 
and  southwestward  in  Kentucky,  and  southward  in  Illinois,  in  con- 
formity with  the  dips  of  the  underlying  Paleozoic  surface. 

The  rocks  dip  somewhat  more  steeply  near  their  outcropping 
edges  than  they  do  farther  out  in  the  embayment  area.  The  dip  of 
the  Selma  clay  from  its  eastern  edge  near  Tennessee  River  westward 
to  Selmer,  Tenn.,  is  about  25  feet  per  mile.  The  westward  dip  of 
the  Lagrange  beds  from  their  eastern  edge  east  of  Saulsbury,  on  the 
Southern  Railway,  to  Memphis  is  about  22  feet  per  mile.  The  south- 
western dip  of  the  Paleozoic  floor  from  Paducah  to  Hickman,  Ky.,  is 
about  27  feet  per  mile,  and  its  southern  dip  from  a  point  near  Ullin 
to  Cairo,  111.,  is  about  27  feet  per  mile. 

EXPOSURE  OF  POROUS  STRATA. 

The  porous  strata  that  may  furnish  artesian  water  are  the  Eutaw 
sand,  the  Ripley  sand,  and  the  Lagrange  sand.  The  Eutaw  sand 
lies  immediately  on  the  Paleozoic  floor  and  outcrops  along  the  east- 
em  edge  of  the'area  discussed  in  a  belt  that  varies  from  less  than  a 
mile  to  about  8  miles  in  width  and  extends  northward  from  the 
Mississippi  line  about  halfway  across  the  State  of  Tennessee. 

The  Ripley  siinds  outcrop  in  a  belt  that  varies  from  5  to  15  miles 
in  width.  This  belt  is  situated  some  distance  west  of  and  parallel  to 
the  outcrop  of  the  Eutaw  sand  as  far  north  as  the  Eutaw  and  the 
intervening  Selma  clay  extend  as  surface  formations.  About  half- 
way across  the  State  of  Tennessee  the  two  older  formations  disap- 
pear, and  thence  northward  across  western  Kentucky  and  into  south- 
em  Illinois  the  Ripley  sands  rest  on  the  underlying  Paleozoic  rocks, 
and  consequently  outcrop  in  a  belt  immediately  west  of  them.  In 
Kentucky  this  belt  averages  about  6  miles  in  width,  but  it  narrows 
considerably  near  Paducah  before  passing  into  Illinois.  In  Illinois 
exposures  are  poor  and  rare,  so  that  the  width  of  the  Ripley  outcrop 
is  difficult  to  determine,  but  it  would  seem  to  be  as  great  as  the  aver- 
age in  Kentucky. 

Though  the  Eutaw  and  Ripley  formations  outcrop  in  narrow  belts, 
these  belts  are  wide  enough  to  absorb  many  times  as  much  water 
as  will  be  required  to  supply  any  prospective  demand. 

The  Lagrange  sand  forms  the  surface  of  more  than  half  the  entire 
area  imder  cons"  eration,  so  that  there  can  be  no  question  as  to  the 
suflSciency  of  the  supply  of  water  absorbed  by  it.  This  formation, 
however,  does  not  conform  strictly  to  the  conditions  of  a  porous 
artesian  stratum,  as  do  the  two  lower  formations,  the  Ripley  and 
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Eutaw,  since,  except  locally  in  the  western  part  of  the  area,  as  at 
Memphis,  it  is  not  overlain  by  an  impervious  bed  to  prevent  the 
upward  escape  of  the  water,  but  forms  the  surface  of  the  country  in 
the  area  of  its  occurrence  save  for  the  thin  and,  as  confining  beds, 
unimportant  deposits  of  Lafayette  gravel  and  Columbia  loess  and 
loam. 

RAINFALL. 

As  the  supply  of  underground  water  is  dependent  on  the  rainfall, 
the  amount  and  distribution  of  the  latter  is  very  important.  The 
following  table  has  been  prepared  from  the  records  of  the  United 


Fig.  4.— Diagram  showing  graphically  the  monthly  average  rainfall  in  the  area  disciu«ed. 

States  Weather  Bureau  to  show  the  average  monthly  rainfall  at  a 
number  of  places  in  and  near  the  area  here  discussed.  The  monthly 
averages  are  shown  graphically  in  fig.  4. 


Monthly  rainfall,  in  inches,  at  Weather  Bureau  stations  in  the  emhayment  area. 
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The  average  annual  rainfall  varies  from  a  minimum  of  about  43 
inches  yearly,  as  at  Center  Point,  Tenn.,  and  Cairo,  111.,  to  a  maxi- 
mum of  about  52  or  53  inches,  as  at  Savannah  and  Memphis,  Tenn. 
The  general  average  for  the  entire  region  is  between  47  and  48  inches. 

The  monthly  distribution  is  not  uniform  throughout  the  year. 
While  the  monthly  average  for  the  year  is  3.92  inches,  from  July  to 
October  it  is  only  2.17  inches,  and  from  November  to  March  it  is  5.90 
inches.  The  driest  part  of  the  year  is  the  late  summer  and  fall ;  the 
wettest  is  the  winter,  especially  the  latter  part  of  it.  Streams  and 
ponds  are  in  consequence  lowest  in  the  late  fall  and  in  some  cases 
become  entirely  dry.  They  are  highest  in  late  winter  and  very  early 
spring.  In  many  cases  shallow  wells  are  also  affected  almost  as 
directly  as  the  ponds  and  streams.  During  the  long,  dry  fall  the 
water  may  get  low  or  fail  altogether,  while  during  winter  and  spring 
the  suDply  is  most  abundant,  and  in  some  wells  the  water  rises  to  the 
surface. 

Deep  wells  receiving  their  supply  from  surface  sources  which  may 
be  many  miles  distant  are  not  measurably  affected  by  the  seasonal 
variations  in  rainfall,  and  furnish  an  almost  unvarying  supply. 
Springs  may,  like  deep  wells,  be  unaffected  by  variations  in  the  rain- 
fall, or  the  ground-water  level  from  which  they  derive  their  supply 
may  be  so  near  the  surface  that  when  it  is  lowered  during  prolonged 
dry  weather  the  flow  of  the  springs  naturally  diminishes  or  even 
entirely  ceases. 

ABSENCE  OF  LOWER  ESCAPE. 

Evtaw  and  Ripley  formations. — For  water  to  rise  and  flow  from  a 
deep  well  there  must  be  no  means  of  escape  at  a  lower  level.  The 
Kutaw  and  Ripley  formations  are  not  known  to  outcrop  except  along 
their  elevated  edges  on  or  near  the  margin  of  the  embayment  deposits. 
To  the  south,  toward  the  Gulf  of  Mexico,  along  the  deepest  portion  of 
the  erosion  trough  in  which  they  are  deposited,  the  dip  carries  them 
farther  from  the  surface;  but  it  is  highly  probable  that  they  either 
pass  into  finer  grained  impervious  beds  or  are  overlapped  and  sealed 
up  by  other  fine-grained  strata,  so  that  there  is  no  free  escape  south 
ward  of  the  waters  that  enter  their  exposed  edges  along  the  belt  of 
outcrop.  The  waters  thus  imprisoned  fill  the  pore  space  in  the  beds 
up  to  the  level  of  the  ground  water  in  the  area  of  their  outcrop,  and  so 
exert  a  pressure  on  all  lower  parts  of  the  beds  that  forces  the  water  in 
deep  wells  up  nearly  to  the  outcrop  level.  The  amount  by  which  the 
water  in  a  well  falls  short  of  this  level  depends  on  the  friction  or  resist- 
ance to  the  flow  through  the  water-bearing  bed,  which  is  determined 
by  the  distance  the  water  flows  from  its  point  of  entrance  into  the  bed 
and  by  the  coarseness  or  fineness  of  the  materials  of  which  the  bed  is 
composed. 
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Lagrange  forrruUion, — The  Lagrange  either  outcrops  over  much  of 
the  region  or  is  covered  by  only  a  few  feet  of  Laf ayatte  or  ColumbU 
deposits.  Its  contained  waters  consequently  escape  wherever  the 
ordinary  ground-water  level  intersects  the  surface,  and  they  rise  in 
deep  bore  holes  to  about  the  level  of  the  ground  water.  The  forma- 
tion contains  beds  of  close-grained  sands  and  impermeable  clays  that 
may  extend  over  considerable  areas  and  confine  the  waters  beneath 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pierced 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the  local 
ground  water,  owing  to  the  local  lack  of  free  vertical  communication 
and  circulation  and  to  the  more  intimate  connection  of  the  lower 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevation 
determines  the  pressure  at  the  boring.  Hence  a  partial  escape  only  is 
found  for  the  contained  waters  of  the  Lagrange.  Under  certain  con- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.  No  great  surface  pressure  is  obtainable  anywhere  in  it, 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  difference  in  level  between  the  distant 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  be 
great,  because  there  are  no  great  differences  in  surface  elevation  in  the 
general  region.  The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

PHYSICAIi  FEATURES  OF  REGION. 

EMBAYMENT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOGRAPHIC  TYPES. 

General  character. — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along  the 
main  rivers  and  their  principal  tributaries  to  a  gently  rolling  or  hilly 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  areas. 
Occasionally  the  interstream  areas  are  level  and  plateau-like  and  are 
fringed  with  hills  that  have  been  carved  by  the  tributaries  of  the  adja- 
cent streams.  Generally  the  surface  is  rolling  or  moderately  hilly 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  larger  streams. 
These  valleys  vary  from  a  fraction  of  a  mile  to  several  miles  in  width, 
and  a  large  part  of  each  is  the  present-day  flood  plain.  In  most  of  the 
valleys  there  are  also  considerable  portions  of  an  older,  higher  flood 
plain  which  is  from  2  to  20  feet  or  more  above  the  present  flood  plain, 
and  which,  especially  along  the  larger  tributaries  of  Mississippi  River 
in  Tennessee,  is  several  fhiles  in  width.  This  old  flood  plain  is  com- 
monly known  as  the  *^  second  bottoms, ''  and  is  generally  separated 
from  the  present  flood  plain  by  a  steep,  well-marked  scarp. 

The  types  of  surface  described  below  have  in  their  respective  areas 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 

Hills  of  erosion. — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  in  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  100  feet  deep  or  over. 

Residual  ridge. — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
this  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  which 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the '  *  big 
cut"  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  nature  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
underlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  by  Lafayette  gravels  and  the  loess. 

Tennessee- Mississippi  divide. — The  most  elevated  part  of  western 
Tennessee  is  found  in  eastern  McNairy  County  in  a  narrow  belt 
extending  north  and  south  and  forming  the  divide  between  the  Mis- 
sissippi and  the  Tennessee  drainage.  This  divide  has  been  called  by 
Safford  the  Tennessee  Ridge.  It  averages  from  450  to  500  feet  in 
height,  though  in  places  it  reaches  an  altitude  of  about  600  feet  above 
sea  level.  It  extends  northward  parallel  to  Tennessee  River  and 
from  10  to  25  miles  west  of  it.  As  this  ridge  is  near  Tennessee  River 
it  divides  western  Tennessee  and  western  Kentucky  into  two  drain- 
age slopes  of  very  unequal  size.  The  one  to  the  east,  tributary  to 
Tennessee  River,  is  steep  and  narrow,  and  streams  that  flow  directly 
into  the  Tennessee  are  short.     In  the  northern  half  of  the  belt,  how- 
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Lagrange  fomuUion. — The  Lagrange  either  outcrops  over  much  : 
the  region  or  is  covered  by  only  a  few  feet  of  Lafayatte  or  Colum'  .i 
deposits.     Its  contained  waters  consequently  escape  wherever  :  .- 
ordinary  ground-water  level  intersects  the  surface,  and  they  rise  j. 
deep  bore  holes  to  about  the  level  of  the  ground  water.     The  fonLj- 
tion  contains  beds  of  close-grained  sands  and  impermeable  clajs  tb* 
may  extend  over  considerable  areas  and  confine  the  waters  bene:!', 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pier'>^- 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the L".- 
ground  water,  owing  to  the  local  lack  of  free  vertical  commimicat]  : 
and  circulation  and  to  the  more  intimate  connection  of  the  Iowp: 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevati  - 
determines  the  pressure  at  the  boring.     Hence  a  partial  escape  onlv  i?    | 
found  for  the  contained  waters  of  the  Lagrange.    Under  certain  se- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.     No  great  siu^ace  pressure  is  obtainable  anywhere  in  it. 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  diflference  in  level  between  the  distant    | 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  l>e    I 
great,  because  there  are  no  great  differences  in  surface  elevation  in  the 
general  region.     The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

PHYSICAIi  FEATURES  OF  REGIOIS^. 
EMBAYMENT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOGRAPHIC   TYPES. 

General  character, — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along 
main  rivers  and  their  principal  tributaries  to  a  gently  roUuig  or 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  ^^^ 
Occasionally  the  interstrearn  areas  are  level  and  plateaii-IiKe  an 
fringed  with  hills  that  have  been  carved  by  the  tributaries  (jf  the  aflja- 
cent  streams.     Generally  the  surface  is  roiling  or  inodi^rate/v  *^^^_ 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  lar^T  >n 
These  valleys  vary  from  a  fraction  of  a  mile  t4>  sevtTnl  lulles ' 
and  a  large  part  of  each  is  tlie  prt\sent-daj^^       *iin*    J^ 
valleys  there  are  also  considerable  port-' 
plain  which  is  from  2  to  20  feet  or  wa^ 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 
Hills  of  erosion. — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  in  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  1 00  feet  deep  or  over. 

Residual  ridge. — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
this  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  which 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the  ' '  big 
cuf  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  natiu'e  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
underlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  l»j^^ayettD  gravels  and  the  loess. 

^^^^^ipfti  dk^}4ffi. — The  iiir^st  elevated  part  of  western 
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the  northern  half  of  the  belt,  how- 


14      UNDERGROUND    WATERS'.    TENNESSEE,  KENTUCKY,  ILLINOIS. 

Lagrange  formation. — The  Lagrange  either  outcrops  over  much  of 
the  region  or  is  covered  by  only  a  few  feet  of  Laf ayatte  or  Columbia 
deposits.  Its  contained  waters  consequently  escapee  wherever  the 
ordinary  ground-water  level  intersects  the  surface,  and  they  rise  in 
deep  bore  holes  to  about  the  level  of  the  ground  water.  The  forma- 
tion contains  beds  of  close-grained  sands  and  impermeable  clays  that 
may  extend  over  considerable  areas  and  confine  the  waters  beneath 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pierced 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the  local 
ground  water,  owing  to  the  local  lack  of  free  vertical  conrniunication 
and  circulation  and  to  the  more  intimate  connection  of  the  lower 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevation 
determines  the  pressure  at  the  boring.  Hence  a  partial  escape  only  is 
found  for  the  contained  waters  of  the  Lagrange.  Under  certain  con- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.  No  great  surface  pressure  is  obtainable  anywhere  in  it, 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  difference  in  level  between  the  dist^mt 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  be 
great,  because  there  are  no  great  differences  in  surface  elevation  in  the 
general  region.  The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

PHYSICAIi  FEATURES  OF  REGION. 
EMBAYMENT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOGRAPHIC  TYPES. 

General  character, — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along  the 
main  rivers  and  their  principal  tributaries  to  a  gently  rolling  or  hilly 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  areas. 
Occasionally  the  interstream  areas  are  level  and  plateau-like  and  are 
fringed  with  hills  that  have  been  carved  by  the  tributaries  of  the  adja- 
cent streams.  Generally  the  surface  is  rolling  or  moderately  hilly 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  larger  streams. 
These  valleys  vary  from  a  fraction  of  a  mile  to  several  miles  in  width, 
and  a  large  part  of  each  is  the  present-day  flood  plain.  In  most  of  the 
valleys  there  are  also  considerable  portions  of  an  older,  higher  flood 
plain  which  is  from  2  to  20  feet  or  more  above  the  present  flood  plain, 
and  which,  especially  along  the  larger  tributaries  of  Mississippi  River 
in  Tennessee,  is  several  fhiles  in  width.  This  old  flood  plain  is  com- 
monly known  as  the  **  second  bottoms,"  and  is  generally  separated 
from  the  present  flood  plain  by  a  steep,  well-marked  scarp. 

The  types  of  surface  described  below  have  in  their  respective  areas 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 

HiMs  of  erosion. — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  in  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  100  feet  deep  or  over. 

Residual  ridge, — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
this  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  which 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the ' '  big 
cut"  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  nature  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
underlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  by  Lafayette  gravels  and  the  loess. 

Tennessee- Mississippi  divide. — The  most  elevated  part  of  western 
Tennessee  is  found  in  eastern  McNairy  County  in  a  narrow  belt 
extending  north  and  south  and  forming  the  divide  between  the  Mis- 
sissippi and  the  Tennessee  drainage.  This  divide  has  been  called  by 
Safford  the  Tennessee  Ridge.  It  averages  from  450  to  500  feet  in 
height,  though  in  places  it  reaches  an  altitude  of  about  600  feet  above 
sea  level.  It  extends  northward  parallel  to  Tennessee  River  and 
from  10  to  25  miles  west  of  it.  As  this  ridge  is  near  Tennessee  River 
it  divides  western  Tennessee  and  western  Kentucky  into  two  drain- 
age slopes  of  very  unequal  size.  The  one  to  the  east,  tributary  to 
Tennessee  River,  is  steep  and  narrow,  and  streams  that  flow  directly 
into  the  Tennessee  are  short.     In  the  northern  half  of  the  belt,  how- 
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Lagrange  formation. — The  Lagrange  either  outcrops  over  much  of 
the  region  or  is  covered  by  only  a  few  feet  of  Laf ayatte  or  Columbia 
deposits.  Its  contained  waters  consequently  escape  wherever  the 
ordinary  ground-water  level  intersects  the  surface,  and  they  rise  in 
deep  bore  holes  to  about  the  level  of  the  ground  water.  The  forma- 
tion contains  beds  of  close-grained  sands  and  impermeable  clays  that 
may  extend  over  considerable  areas  and  confine  the  waters  beneath 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pierced 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the  local 
ground  water,  owing  to  the  local  lack  of  free  vertical  communication 
and  circulation  and  to  the  more  intimate  connection  of  the  lower 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevation 
determines  the  pressure  at  the  boring.  Hence  a  partial  escape  only  is 
found  for  the  contained  waters  of  the  Lagrange.  Under  certain  con- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.  No  great  surface  pressure  is  obtainable  anywhere  in  it, 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  difference  in  level  between  the  distant 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  be 
great,  because  there  are  no  great  differences  in  surface  elevation  in  the 
general  region.  The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

PHYSICAIi  FEATURES  OF  REGION. 

EMBAYMENT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOGRAPHIC   TYPES. 

General  chara^er. — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along  the 
main  rivers  and  their  principal  tributaries  to  a  gently  rolling  or  hilly 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  areas. 
Occasionally  the  interstream  areas  are  level  and  plateau4ike  and  are 
fringed  with  hills  that  have  been  carved  by  the  tributaries  of  the  adja- 
cent streams.  Generally  the  surface  is  rolling  or  moderately  hilly 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  larger  streams. 
These  valleys  vary  from  a  fraction  of  a  mile  to  several  miles  in  width, 
and  a  large  part  of  each  is  the  present-day  flood  plain.  In  most  of  the 
valleys  there  are  also  considerable  portions  of  an  older,  higher  flood 
plain  which  is  from  2  to  20  feet  or  more  above  the  present  flood  plain, 
and  which,  especially  along  the  larger  tributaries  of  Mississippi  River 
in  Tennessee,  is  several  fhiles  in  width.  This  old  flood  plain  is  com- 
monly known  as  the  *' second  bottoms, '*  and  is  generally  separated 
from  the  present  flood  plain  by  a  steep,  well-marked  scarp. 

The  types  of  surface  described  below  have  in  their  respective  areas 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 

Hills  of  erosion. — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  in  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  100  feet  deep  or  over. 

Residual  ridge, — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
this  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  which 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the '  ^  big 
cut''  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  nature  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
underlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  by  Lafayette  gravels  and  the  loess. 

Tennessee- Mississippi  divide. — The  most  elevated  part  of  western 
Tennessee  is  found  in  eastern  McNairy  County  in  a  narrow  belt 
extending  north  and  south  and  forming  the  divide  between  the  Mis- 
sissippi and  the  Tennessee  drainage.  This  divide  has  been  called  by 
Safford  the  Tennessee  Ridge.  It  averages  from  450  to  500  feet  in 
height,  though  in  places  it  reaches  an  altitude  of  about  600  feet  above 
sea  level.  It  extends  northward  parallel  to  Tennessee  River  and 
from  10  to  25  miles  west  of  it.  As  this  ridge  is  near  Tennessee  River 
it  divides  western  Tennessee  and  western  Kentucky  into  two  drain- 
age slopes  of  very  unequal  size.  The  one  to  the  east,  tributary  to 
Tennessee  River,  is  steep  and  narrow,  and  streams  that  flow  directly 
into  the  Tennessee  are  short.     In  the  northern  half  of  the  belt,  how- 
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Lagrange  formation, — The  Lagrange  either  outcrops  over  much  of 
the  region  or  is  covered  by  only  a  few  feet  of  Laf ayatte  or  Columbia 
deposits.  Its  contained  waters  consequently  escape  wherever  the 
ordinary  ground-water  level  intersects  the  surface,  and  they  rise  in 
deep  bore  holes  to  about  the  level  of  the  ground  water.  The  forma- 
tion contains  beds  of  close-grained  sands  and  impermeable  clays  that 
may  extend  over  considerable  areas  and  confine  the  waters  beneath 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pierc«l 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the  local 
groimd  water,  owing  to  the  local  lack  of  free  vertical  conmiunication 
and  circulation  and  to  the  more  intimate  connection  of  the  lower 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevation 
determines  the  pressure  at  the  boring.  Hence  a  partial  escape  only  is 
found  for  the  contained  waters  of  the  Lagrange.  Under  certain  con- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.  No  great  surface  pressure  is  obtainable  anywhefe  in  it, 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  difference  in  level  between  the  distant 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  be 
great,  because  there  are  no  great  differences  in  surface  elevation  in  the 
general  region.  The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

PHYSICAIi  FEATURES  OF  REGION. 

EMBAYMENT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOGRAPHIC   TYPES. 

General  character. — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along  the 
main  rivers  and  their  principal  tributaries  to  a  gently  rolling  or  hilly 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  areas. 
Occasionally  the  interstream  areas  are  level  and  plateau-like  and  are 
fringed  with  hills  that  have  been  carved  by  the  tributaries  of  the  adja- 
cent streams.  Generally  the  surface  is  rolling  or  moderately  hilly 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  larger  streams. 
These  valleys  vary  from  a  fraction  of  a  mile  to  several  miles  in  width, 
and  a  large  part  of  each  is  the  present-day  flood  plain.  In  most  of  the 
valleys  there  are  also  considerable  portions  of  an  older,  higher  flood 
plain  which  is  from  2  to  20  feet  or  more  above  the  present  flood  plain, 
and  which,  especially  along  the  larger  tributaries  of  Mississippi  River 
in  Tennessee,  is  several  Ihiles  in  width.  This  old  flood  plain  is  com- 
monly known  as  the  *' second  bottoms,'*  and  is  generally  separated 
from  the  present  flood  plain  by  a  steep,  well-marked  scarp. 

The  types  of  surface  described  below  have  in  their  respective  areas 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 

HiUs  of  erosion, — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  jn  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  100  feet  deep  or  over. 

Residual  ridge. — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
this  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  which 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the '  ^  big 
cut ' '  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  nature  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
underlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  by  Lafayette  gravels  and  the  loess. 

Tennessee- Mississippi  divide, — The  most  elevated  part  of  western 
Tennessee  is  found  in  eastern  McNairy  County  in  a  narrow  belt 
extending  north  and  south  and  forming  the  divide  between  the  Mis- 
sissippi and  the  Tennessee  drainage.  This  divide  has  been  called  by 
Safford  the  Tennessee  Ridge.  It  averages  from  450  to  500  feet  in 
height,  though  in  places  it  reaches  an  altitude  of  about  600  feet  above 
sea  level.  It  extends  northward  parallel  to  Tennessee  River  and 
from  10  to  25  miles  west  of  it.  As  this  ridge  is  near  Tennessee  River 
it  divides  western  Tennessee  and  western  Kentucky  into  two  drain- 
age slopes  of  very  unequal  size.  The  one  to  the  east,  tributary  to 
Tennessee  River,  is  steep  and  narrow,  and  streams  that  flow  directly 
into  the  Tennessee  are  short.     In  the  northern  half  of  the  belt,  how- 
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Lagrange  formation. — The  Lagrange  either  outcrops  over  much  of 
the  region  or  is  covered  by  only  a  few  feet  of  Lafayatte  or  Columbia 
deposits.  Its  contained  waters  consequently  escape  wherever  the 
ordinary  ground-water  level  intersects  the  surface ,  and  they  rise  in 
deep  bore  holes  to  about  the  level  of  the  ground  water.  The  forma- 
tion contains  beds  of  close-grained  sands  and  impermeable  clays  that 
may  extend  over  considerable  areas  and  confine  the  waters  beneath 
under  such  pressure  that  they  may  rise,  when  these  beds  are  pierced 
by  the  drill,  to  a  level  somewhat  lower  or  higher  than  that  of  the  local 
ground  water,  owing  to  the  local  lack  of  free  vertical  communication 
and  circulation  and  to  the  more  intimate  connection  of  the  lower 
coarser  beds  with  some  distant  part  of  the  formation  whose  elevation 
determines  the  pressure  at  the  boring.  Hence  a  partial  escape  only  is 
found  for  the  contained  waters  of  the  Lagrange.  Under  certain  con- 
ditions wells  sunk  to  porous  strata  in  this  formation  may  flow  with 
slight  heads.  No  great  surface  pressure  is  obtainable  anywhere  in  it, 
or  indeed  in  any  of  the  other  water-bearing  formations  in  the  area 
under  consideration,  since  the  difference  in  level  between  the  distant 
source  and  the  surface  exit  at  the  well  mouth  can  not  anywhere  be 
great,  because  there  are  no  great  differences  in  siu^ace  elevation  in  the 
general  region.  The  relation  of  these  various  beds  to  artesian  condi- 
tions is  shown  in  fig.  7. 

PHYSICAIi  FEATURES  OF  REGION. 

EMBAYMBNT  AREA  IN  TENNESSEE  AND  KENTUCKY. 
TOPOGRAPHIC  TYPES. 

General  character. — The  surface  of  the  part  of  Tennessee  and  Ken- 
tucky under  discussion  varies  from  a  very  flat  flood  plain  along  the 
main  rivers  and  their  principal  tributaries  to  a  gently  rolling  or  hilly 
surface  along  the  sides  of  the  valleys  and  in  the  interstream  areas. 
Occasionally  the  interstream  areas  are  level  and  plateau-like  and  are 
fringed  with  hills  that  have  been  carved  by  the  tributaries  of  the  adja- 
cent streams.  Generally  the  surface  is  rolling  or  moderately  hilly 
and  is  cut  into  bolder  hills  near  the  valleys  of  the  larger  streams. 
These  valleys  vary  from  a  fraction  of  a  mile  to  several  miles  in  width, 
and  a  large  part  of  each  is  the  present-day  flood  plain.  In  most  of  the 
valleys  there  are  also  considerable  portions  of  an  older,  higher  flood 
plain  which  is  from  2  to  20  feet  or  more  above  the  present  flood  plain, 
and  which,  especially  along  the  larger  tributaries  of  Mississippi  River 
in  Tennessee,  is  several  ftiiles  in  width.  This  old  flood  plain  is  com- 
monly known  as  the  *' second  bottoms,''  and  is  generally  separated 
from  the  present  flood  plain  by  a  steep,  well-marked  scarp. 

The  types  of  surface  described  below  have  in  their  respective  areas 
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an  influence  on  the  local  problems  relating  to  water  resources,  the 
nature  of  which  is  set  forth  in  some  detail  on  later  pages  of  this  report. 

HiUs  of  erosion. — An  unusually  hilly  belt  in  the  eastern  part  of  the 
Lagrange  area  extends  across  Tennessee  and  Kentucky,  though  it  is 
most  prominently  developed  in  Hardeman  and  Henry  counties,  Tenn. 
The  materials  are  soft  sands  with  lenses  of  clay  that  are  easily  eroded. 
Gullies  and  ravines  form  rapidly  in  abandoned  fields.  These  ravines 
average  not  over  20  or  30  feet  in  depth,  but  under  especially  favora- 
ble conditions  they  may  become  100  feet  deep  or  over. 

Residual  ridge. — A  ridge  half  a  mile  wide  and  between  100  and  150 
feet  high  extends  northward  from  Mississippi  into  the  southwestern 
part  of  McNairy  County,  Tenn.,  but  gradually  dies  out  to  the  north  in 
this  county.  It  is  composed  of  Ripley  sands  and  clays  and  owes  its 
existence  to  the  large  amount  of  concretionary  ironstone  into  which 
its  sands  have  been  cemented  in  many  places  and  which  has  protected 
it  from  erosion  while  the  areas  on  either  side  have  worn  away.  This 
ridge  is  crossed  by  the  Southern  Railway  in  what  is  known  as  the ' '  big 
cut''  just  west  of  Cypress  station. 

East  of  the  ridge  the  Eutaw  sands  and  clays  that  outcrop  along  the 
eastern  edge  of  the  embayment  in  the  southern  half  of  Tennessee  are 
in  many  places  cut  into  steep  hills,  both  because  of  the  nature  of  their 
materials  and  because  of  their  situation  on  the  short,  steep  drainage 
slope  of  Tennessee  River. 

Flatwoods. — The  surface  of  parts  of  the  belt  underlain  by  the 
Porters  Creek  clays,  in  both  Tennessee  and  Kentucky  near  the  line 
between  the  two  States,  is  of  more  than  average  flatness.  In  Missis- 
sippi this  formation  has  so  marked  a  tendency  to  produce  flat  topog- 
raphy that  it  is  there  known  as  the  Flatwoods  clay  and  the  surface 
iinderlain  by  it  as  the  flatwoods.  Aside  from  the  area  mentioned 
above,  its  surface  in  Tennessee  and  Kentucky  is  not  notably  flat.  In 
Illinois  it  is  not  known  to  form  any  portion  of  the  actual  surface,  being 
there  overlain  and  concealed,  except  along  the  Ohio  River  bluff  at 
Caledonia,  by  Lafayette  gravels  and  the  loess. 

Tennessee- Mississippi  divide. — The  most  elevated  part  of  western 
Tennessee  is  found  in  eastern  McNairy  County  in  a  narrow  belt 
extending  north  and  south  and  forming  the  divide  between  the  Mis- 
sissippi and  the  Tennessee  drainage.  This  divide  has  been  called  by 
Safford  the  Tennessee  Ridge.  It  averages  from  450  to  500  feet  in 
height,  though  in  places  it  reaches  an  altitude  of  about  600  feet  above 
sea  level.  It  extends  northward  parallel  to  Tennessee  River  and 
from  10  to  25  miles  west  of  it.  As  this  ridge  is  near  Tennessee  River 
it  divides  western  Tennessee  and  western  Kentucky  into  two  drain- 
age slopes  of  very  unequal  size.  The  one  to  the  east,  tributary  to 
Tennessee  River,  is  steep  and  narrow,  and  streams  that  flow  directly 
into  the  Tennessee  are  short.     In  the  northern  half  of  the  belt,  how- 
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ever,  the  main  tributaries,  such  as  the  Big  Sandy  in  Tennessee  and 
Blood  and  Clarks  rivers  in  Kentucky,  instead  of  entering  the  Tennes- 
see direct,  flow  parallel  to  it,  and  hence  are  much  longer  than  would  be 
expected  from  the  width  of  the  slope.  West  of  Tennessee  Ridge  the 
general  surface  slope  to  the  Mississippi  is  much  longer  and  gentler. 
The  main  streams,  such  as  Wolf,  Loosahatchie,  Hatchee,  and  Obion 
rivers  in  Tennessee  and  Bayou  de  Chien,  Obion  Creek,  and  Mayfield 
Creek  in  Kentucky,  flow  more  directly  into  the  Mississippi,  though 
Maj'iield  Creek  makes  a  notable  bend  so  that  its  upper  part  paraUels 
the  Mississippi,  but  flows  in  the  opposite  direction.  The  fall  per  mile 
in  all  these  streams  tributary  to  the  Mississippi  is  small,  and  they  do 
not  as  a  rule  furnish  opportunities  for  developing  water  power.  In 
places,  indeed,  their  flood  plains  are  undrained  cypress  swamps. 

From  Tennessee  Ridge  eastward  the  surface  slopes  gently,  but 
along  the  edge  of  the  Tennessee  Valley  there  is  a  rather  abrupt  drop 
of  150  to  250  feet  to  the  river  flood  plain.  Westward  from  the  divide 
the  general  surface  slope  is  toward  the  Mississippi;  but  this  statement 
is  true  in  only  a  very  broad  sense.  Everywhere  the  appreciable  slope 
is  toward  the  main  drainage  ways.  As  stated  in  the  preceding  para- 
graph, a  high  narrow  ridge  extends  northward  from  Mississippi  some 
distance  into  Tennessee  along  the  outcrop  of  the  Ripley  sands  and 
interrupts  locally  the  general  westward  slope.  Another  higher  belt 
that  extends  northward  from  the  region  of  Grand  Junction,  past 
Jackson  toward  Milan,  reaches  elevations  of  over  500  feet  on  the 
divides  between  the  streams  that  flow  westward  across  it.  This 
interruption  in  the  general  westward  slope  is  not  a  single  ridge,  but 
rather  a  belt  a  number  of  miles  in  width.  It  coincides  with  the  east- 
ern part  of  the  outcrop  of  the  soft  Lagrange  sands  with  their  inter- 
bedded  clay  lenses  that  give  in  detail  the  hilly  topography  already 
described. 

Alluvial  region, — ^West  of  the  line  of  bluffs  which  terminates  the 
uplands  of  western  Tennessee  and  Kentucky,  along  Mississippi  and 
Ohio  rivers,  there  is  a  variable  width  of  alluvial  bottom  lands,  which 
belong  to  the  flood  plains  of  these  streams,  though  under  present  con- 
ditions portions  of  them  rise  as  low  ridges  or  swells  high  enough  not 
to  be  submerged  during  floods.  The  surface  of  these  bottoms  is 
either  flat, broken  by  low  ridges  a  few  feet  high, or  intersected  by  narrow 
sloughs  and  partly  filled  channels  in  which  water  is  found.  It  is  some- 
what higher  near  the  river  bank  and  this  part  is  largely  cleared  and 
cultivated.  Back  from  the  river,  near  the  bluffs,  the  surface  is  lower 
and  much  of  it  is  swampy  and  uncleared.  The  slope  of  the  surface  is 
about  the  same  as  that  of  the  high-water  level  of  the  Mississippi. 
This  has  an  elevation  at  Cairo  of  about  320  feet  and  at  the  Mississippi 
State  line  of  about  215  feet.  Above  Cairo  the  Ohio  flood  plain  is 
well  developed  and  wider  on  the  Kentucky  side  of  the  river  and  has 
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much  the  same  characteristics  as  the  Mississippi  flood  plain  just 
described.  Its  elevation  at  Paducah  is  about  340  feet  and  at  Cairo 
about  320  feet. 

ORIGIN   OF   THE   TOPOGRAPHY. 

Except  in  the  area  adjacent  to  Reelfoot  Lake,  in  the  northwest 
comer  of  Tennessee,  where  there  were  surface  disturbances  during 
the  New  Madrid  earthquake  of  1812,  all  surface  inequalities  found 
in  the  region  are  due  to  erosion.  The  surface  was  originally  a  plain 
of  marine  deposition  formed  beneath  the  waters  of  the  Gulf  when  it 
extended  into  southern  Illinois.  If  several  minor  episodes  of  uplift 
and  depression — probably  with  tilting  or  warping — are  disregarded 
it  may  be  said  that  this  Gulf  bottom  was  subsequently  uplifted  and 
has  since  been  thoroughly  but  not  deeply  dissected  by  the  streams 
that  have  established  themselves  on  every  part  of  it. 

Stream  activities, — Because  the  elevation  was  not  great,  erosion 
has  not  been  profound.  The  streams  soon  cut  as  deeply  into  the 
surface  as  they  could  and  then  began  widening  their  valleys.  Sine  3 
the  materials  are  mostly  soft  sands  and  clays,  valley  widening  and 
flood-plain  formation  have  been  relatively  rapid.  Flood  plains  on 
streams  like  the  Wolf,  the  Forked  Deer,  and  the  Obion  had  grown 
in  places  from  3  to  5  miles  or  more  wide  when  a  further  slight  uplift 
caused  the  streams  to  incise  themselves  from  a  few  feet  to  20  feet 
beneath  this  level  and  begin  the  cutting  away  of  the  old  flood  plain, 
now  called  the  second  botoms,  and  the  building  of  a  new  on^  which 
has  attained  a  width  of  from  a  few  hundred  yards  to  a  mile  or  more. 
Between  the  formation  of  the  broad  ancient  flood  plain  and  the  uplift, 
which  permitted  the  cutting  of  the  present  flood  plain,  there  was  a 
brief  and  slight  depression  during  which  the  old  plain  was  sheeted 
with  a  deposit  of  loess. 

As  a  rule  the  hills  carved  from  the  old  surface  by  stream  erosion 
are  higher,  but  of  gentler  slope  near  the  main  drainage  ways,  because 
they  have  been  weathering  away  there  longest;  they  are  lower  but 
of  steeper  slope  along  the  upper  waters  of  the  tributaries,  because 
there  they  have  been  most  recently  cut. 

Nature  of  erosion  in  sandy  and  clayey  strata. — While  strata  of  soft 
sands  are  easily  eroded  into  steep-sided  hills  separated  by  narrow 
gullies  or  ravines,  the  tops  of  these  hills  do  not  waste  away  with  equal 
ease  but  remain  at  almost  their  original  altitude.  In  a  climate  such 
as  that  of  the  region  under  discussion,  two  parallel  outcrops  of  sands 
and  clays,  at  the  same  original  elevation,  will  erode  very  differently. 
The  clays  are  apt  to  retain  a  reasonably  flat  surface  which  is  slowly 
lowered  by  erosion,  as,  for  instance,  in  the  belt  of  Porter's  Creek  or 
'^  Flatwoods"  clays  immediately  east  of  the  Lagrange  sands.  Nearly 
all  of  the  rain  falling  on  the  clay  area  must  run  off  in  surface  streams. 
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Down  any  steep  slopes  that  tend  to  develop  by  stream  cutting  the 
rain  wash  would  be  great  and  such  quantities  of  material  would 
be  furnished  to  the  streams  as  would  not  only  prevent  their  cutting 
deep  channels  but  tend  to  make  them  build  flat  flood  plains.  Time 
would  witness  only  a  gradual  lowering  of  the  general  surface,  whose 
gentle  slopes  would  maintain  the  equilibrium  between  rain  wash  and 
stream  transportation. 

The  sand  area  will  be  cut  into  hills,  but  the  general  level  of  the  hill- 
tops will  remain  almost  unchanged.  All  of  the  rain  falling  on  the 
surface  would  be  directly  absorbed  as  if  by  a  blotter  and  streams 
would  not  be  formed  until  the  ground-water  level  rose  to  the  surface 
in  some  low  place.  The  stream  thus  originating  would  at  once  begin 
eroding  the  soft  sands  along  its  way.  Since  even  during  rains  such 
a  stream  would  be  fed  by  percolation  through  the  sands  rather  than 
by  run-off  from  the  surface,  it  would  be  left  "free  to  deepen  its  channel 
arid  carve  the  surface  into  hills,  whose  tops  and  sides  w^ould  be  almost 
free  from  surface  rivulets  during  rains,  and  hence  would  not  be  subject 
to  rapid  wasting  and  lowering.  Soft  sands  dredged  from  the  proi>osed 
Nicaragua  Canal  and  left  in  steep  piles  with  surfaces  in  many  cases 
at  the  angle  of  rest  have  remained  for  several  years  almost  untouched 
by  surface  erosion,  although  the  annual  rainfall  is  over  250  inches, 
simply  because  the  rain  does  not  run  off  on  the  surface  but  soaks  in. 

Relation  of  geology  to  surface  topography. — In  some  areas  the  char- 
acter of  the  topography  is  determined  largely  by  the  geologic  forma- 
tion outcropping.  Along  the  Mississippi  bluffs,  for  instance,  the 
surface  rises  abruptly  from  100  to  180  feet  above  the  alluvial  flood 
plain.  These  bluffs  are  cut  by  narrow  ravines,  or  "gulfs,"  as  they 
are  locally  callefd,  into  steep-sided  hills  whose  upper  portions  are 
largely  prevented  from  weathering  back  into  gentler  slopes  by  a 
capping  of  20  to  80  feet  of  loess,  which  may  stand  under  favorable 
circumstances,  as  in  the  bluffs  overlooking  the  river,  in  vertical 
cliffs. 

Surface  wariring. — West  of  the  outcrop  of  the  Lagrange  sands  the 
general  surface  slopes  gently  toward  Mississippi  River,  having  an 
average  elevation  of  about  400  feet  along  a  north-south  belt  midway 
between  Tennessee  and  Mississippi  rivers  in  Tennessee  and  Ken- 
tucky. West  of  this  belt,  but  some  distance  east  of  the  Mississippi 
bluffs,  in  an  area  about  halfway  between  the  northern  and  southern 
boundaries  of  Tennessee,  the  average  elevation  is  only  about  350 
feet.  From  this  area  northward  the  surface  rises  until  along  the 
Kentucky  line  and  for  some  distance  northward  into  Kentucky  it 
has  an  average  elevation  of  from  400  to  450  feet.  South  of  the  same 
area  the  general  surface  elevation  declines  until  near  Memphis  it  is 
about  300  feet.  The  uniformity  of  the  general  westward  slope  of 
the  embayment  deposits  in  Tennessee  and  Kentucky  is  thus  inter- 
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rupted  toward  Mississippi  River  by  a  warping  that  has  depressed 
the  southern  part  of  the  belt  and  raised  the  northern  part. 

Seismic  disturbance. — The  fact  that  this  more  elevated  portion  is 
near  the  area  of  maximum  disturbance  in  the  New  Madrid  earth- 
quake of  1811  and  1812  suggests  a  causal  relation  between  the  two, 
especially  since  it  is  known  that  changes  of  level  in  the  alluvial  flood 
plain  of  the  Mississippi  at  that  time  raised  a  considerable  area  of  it 
into  a  broad,  low  dome.  If  350  feet  be  somewhat  arbitrarily  assumed 
as  the  normal  elevation  in  this  higher  area  the  objection  might  rea- 
sonably be  made  that  from  all  of  the  facts  known  in  regard  to  the 
detailed  topography  of  the  valleys  and  flood  plains  of  the  streams  of 
this  region  tributary  to  the  Mississippi,  it  is  improbable  that  scarcely 
a  hundred  years  ago  the  region  underwent  an  elevation  of  50  or  100 
feet,  else  terracing  and  ponding  would  reveal  it.  It  seems  more 
probable  to  the  writer  that  the  region  may  have  been  elevated  some 
few  feet  during  the  New  Madrid  earthquake  and  that  during  perhaps 
many  previous  earthquakes  similar  changes  of  level  occurred  whose 
aggregate  effect  has  been  to  raise  the  general  surface  to  the  present- 
level.  As  stated  in  detail  on  page  31,  there  is  evidence  that  this 
Gulf  embayment  region  was  subject  to  earthquakes  perhaps  as  early 
as  late  Eocene  time  and  probably  they  have  continued  at  intervals 
down  to  the  present  day.  In  the  same  way,  although  there  are  no 
records  of  sudden  depressions  or  other  changes  of  level  since  the 
advent  of  the  white  man,  the  general  low  level  of  the  region  near 
Memphis  may  be  due  to  depressions  during  the  same  series  of  earth- 
quake disturbances. 

The  differences  in  the  elevation  of  the  Tertiary  and  more  recent 
strata  as  exposed  in  the  Mississippi  bluffs  at  Memphis  and  at  points 
farther  north  to  beyond  Hickman,  Ky.,  indicate  that  the  rejgion  near 
Mississippi  River  has  undergone  differential  elevation — in  other 
words,  has  been  warped — and  if  earthquake  movements  be  thought 
inadequate  to  produce  the  effects  seen,  more  quiet  and  slowly  acting 
but  more  general  and  powerful  crustal  movement  must  be  assumed 
as  the  cause,  for  the  difference  in  elevation  of  the  strata  of  these  bluffs 
does  not  seem  due  to  differences  in  surface  erosion. 

Elevation  along  the  bluffs, — In  the  middle  and  northern  part  of 
Tennessee  and  into  Kentucky  the  general  surface  rises  somewhat  as 
the  bluffs  of  the  Mississippi  are  approached.  At  Hickman,  Ky., 
for  instance,  at  the  top  of  the  bluff  the  elevation  is  461  feet;  while 
to  the  east  it  is  from  50  to  100  feet  less. 

This  does  not  seem  to  be  the  case  at  either  Memphis  on  the  south 
or  Wickliffe  on  the  north.     The  general  surface  at  both  these  places 
seems  either  to  be  flat  toward  the  east  or  to  rise  gently  in  that 
^   direction.     The  westward  rise  of  the  surface  in  northwestern  Ten- 
nessee as  the  Mississippi  bluffs  are  approached  may  possibly  be  due 
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to  doming  caused  by  the  earthquake  activity  in  this  region,  as 
ab^ady  alluded  to  or  to  some  more  general  crustal  movements. 

EMBAYMBNT  AREA  IN  ILLINOIS. 

In  Illinois  the  Gulf  embayment  area  includes  the  southeastern  part 
of  Alexander  County,  all  of  Pulaski  County  south  of  the  swamps  of 
Cache  River  above  UUin,  all  of  Massac  County  south  of  the  chain 
of  swamps  in  its  northern  portion,  and  a  very  narrow  strip  in  Pope 
County  along  its  southern  boundary. 

This  area  in  Illinois  may  be  divided  into  two  portions  that  differ 
from  each  other  in  their  surface  topography  and  elevation.  One 
portion  comprises  the  low,  flat  alluvial  plains  of  Mississippi  and  Ohio 
rivers.     The  other  portion  is  a  rolling  to  hilly  upland. 

Flood  plain, — ^The  alluvial  plains  extend  as  a  broad  belt  from 
Santa  Fe  down  the  Mississippi  to  Cairo  and  thence  as  a  narrow  belt  up 
the  Ohio  to  a  point  a  few  miles  above  Mound  City,  where  the  upland 
bluffs  on  the  Illinois  side  close  in  on  the  river  and  continue  with  but 
slight  interruption  to  a  point  a  short  distance  north  of  Metropolis. 
There  the  flood  plain  again  begins  and  widens  as  it  extends  up  the 
river  until  it  attains  a  width  of  several  miles  in  the  bend  above 
Paducah.  This  flood  plain  extends  up  the  Ohio  beyond  the  limits 
of  the  Gulf  embayment  region. 

The  elevation  of  this  low  plain  is  about  320  feet  at  Cairo  and  about 
340  or  350  feet  along  the  edge  bordering  the  upland.  In  places  the 
alluvial  plain  and  the  upland  meet  along  a  sharply  defined  line,  the 
upland  surface  rising  abruptly  as  a  steep-sided  bluff.  In  other  places 
the  two  types  of  surface  meet  and  merge  with  gentler  slopes. 

Cache  River  VaUey. — The  flood  plain  of  Cache  River  below  Ullin 
is  a  part  of  this  alluvial  plain  and  is  covered  by  backwater  during 
floods.  Above  Ullin  the  valley  of  the  Cache  is  a  continuation  of  the 
same  plain,  though  it  is  bordered  on  the  south  by  a  rolling  upland 
that  rises  a  hundred  feet  or  more  above  it. 

The  Cache  River  valley  is  an  abandoned  valley  of  Ohio  River  and  to 
this  fact  it  owes  its  width,  flat  surface,  and  low  grade.  The  Ohio 
formerly  turned  westward  3  or  4  miles  below  Golconda  and  followeii 
the  valley  of  Big  Bay  Creek  for  some  distance,  then  continued  west- 
ward to  the  present  Cache  River  through  the  depression  now  occu- 
pied by  the  chain  of  swamps  ia  northern  Massac  County.  The  Cimi- 
berland  and  Tennessee  rivers  then  united  at  Paducah  and  followed 
the  present  course  of  the  Ohio  from  there  to  Cairo. 

Uplands. — The  upland  region  includes  all  of  Pulaski  County  lyin|: 
southeast  of  the  Cache  River  valley  and  north  of  the  Mississippi  and 
Ohio  flood  plain,  which  extends,  as  has  been  stated,  a  short  distance 
north  of  Mound  City.  It  also  includes  all  of  Massac  County  south 
of  the  chain  of  swamps  which  crosses  its  northern  part,  except  the 
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strip  of  Ohio  flood  plain  in  its  southwestern  part,  and  a  small  area  of 
Pope  County  adjacent  to  the  Massac  County  line.  The  upland  has 
a  roUing  to  hilly  surface  whose  average  elevation  is  375  to  450  feet 
above  sea  level. 

GEOIjOGY. 

GENERAL  STATEMENT. 

The  rocks  of  the  region  under  consideration  consist  of  jsands,  clays, 
and  gravels  that  range  in  age  from  Cretaceous  to  Recent,  though  the 
record  is  not  one  of  continuous  sedimentation.  These  deposits 
are  for  the  most  part  unconsolidated.  Here  and  there  the  sands 
may  be  locally  cemented  in  part  into  an  ironstone  or  ferruginous 
sandstone  and  in  drilling  a  well  one  or  more  layers  of  such  indu- 
rated sandstone  are  usually  found  somewhere  in  the  section.  These 
layers  are  as  a  rule  from  a  few  inches  to  a  foot  thick,  rarely  as  much 
as  2  feet,  and  are  usually  found  at  the  bottom  of  a  stratum  of  sand 
resting  immediately  on  a  bed  of  clay.  Their  origin  is  simple.  They 
are  merely  the  lower  portion  of  the  bed  of  sand,  once  loose,  but  now 
cemented  into  a  firm  rock  by  iron  oxide  carried  there  in  solution  in 
water  and  prevented  from  descending  farther  by  the  underlying 
impervious  clay.  These  thin  layers  are  not  thick  enough  or  hard 
enough  to  offer  any  serious  obstacle  to  the  driller  using  tools  primarily 
fitted  for  work  in  soft  sand  and  clay.  Usually  a  few  blows  from  a 
heavy  iron  rod  breaks  them  to  pieces  or  a  chisel  point  soon  cuts 
through  them. 

In  numerous  places,  especially  on  the  eastern  side  of  the  region, 
gravels  lying  on  or  near  the  surface  have  been  cemented  by  iron  into 
a  firm  ironstone  conglomerate.  Ledges  of  this  may  be  several  feet 
thick,  but  as  it  lies  at  or  near  the  surface  in  the  higher  parts  of  the 
region  much  of  it  has  been  undermined  by  erosion  and  either  broken 
into  loose  blocks  or  removed  entirely,  so  that  it  does  not  form  a 
continuous  stratum  and  rarely  offers  serious  interference  to  well 
drilling. 

DESCRIPTIONS  OF  THE  ROCKS. 

The  geologic  formations  represented  in  the  embayment  deposits  of 
this  region,  given  in  order  from  the  oldest  to  the  youngest,  are  the 
Eutaw  sand,  the  Selma  clay,  and  the  Lagrange  formation,  of  the  Cre- 
taceous; the  Porters  Creek  clay  and  the  Lafayette  formation,  of  the 
Eocene;  the  Lafayette  formation  of  the  Pliocene;  the  Columbia  sand, 
loess,  and  loam,  of  the  Pleistocene,  and  the  river  alluvium,  of  Recent 
age.     These  rest  on  a  floor  of  Paleozoic  rocks. 

PALEOZOIC  FLOOR. 

The  rocks  that  undeilie  the  unconsolidated  deposits  along  their 
eastern  edge  near  the  southern  line  of  Tennessee  belong  to  the  Miss- 
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issippian  series  of   the  Carboniferous;   in  the  deep  well   at  Corinth, 
Miss.,  chert  that  apparently  belonged  to  this  series  was  struck  a\  » 
depth  of  450  feet.     Northward  in  Tennesssee  the  Mississippian  seri<- 
soon  disappears  and  Silurian  limestones  become   the   floor   of  the 
embayment.     These  were  entered  in  the  well  at  Lexington  at  a  depth 
of  500  feet.     No  other  deep  wells  in  Tennessee^  however,  reach  tht 
limestones  beneath  the  embayment  sands  and  clays  and  their  exact 
depth  at  other  points  in  Tennessee  is  not  known.     To  the  north,  in 
Benton  County,  the  floor  belongs  to  the  Mississippian  series,  while 
still  farther  north,  in  Henry  County,  it  is  again  Silurian,   but  the 
Mississippian  rocks  reappear  near  the  Kentucky  line  and  underlie 
the  edge  of  the  embayment  through  its  entire  extent  in  Kentucky 
and  through  southern  Illinois  at  least  as  far  west  as  Ullin.      From 
Ullin  westward  to  Mississippi  River  part  of  the  marginal  floor  is  Miss- 
issippian, part  probably  Devonian,  and  part  Silurian. 

In  Kentucky  three  deep  wells  have  passed  through  the  embay- 
ment deposits  and  entered  the  Paleozoic  rocks  beneath.      The  deep 
well  at  Paducah  reached  the  Mississippian  at  a  depth  of  324  feet. 
The  one  at  Wicklifl^e  is  reported  to  have  entered  the  same  series  at 
a  depth  of  1,000  feet.     At  La  Center  Mississippian  chert  was  encoun- 
tered at  a  depth  of  387  feet.     In  southern  Illinois  deep  wells  at  Cairo 
entered  the  underlying  Mississippian  chert,  or  Elco  gravel,  as  it  i« 
locally  known,  at  a  depth  of  525  feet.     At  Mound  City  the  depth  to 
the  chert  is  reported  to  be  605  feet.     The  depth  to  the  Paleozoic 
floor  over  the  rest  of  the  area  imder  consideration  is  of  much  interest 
in   connection   with   water-supply   problems.     No   direct    me^asure- 
ments  can  be  had  at  present  because  no  other  deep  wells  have  gone 
through  the  embayment  deposits.     The  well  that  has  penetrates! 
these  deposits  farthest  is  the  deep  well  at  Memphis,  a  record  of  -which 
is  given  on  page  114.     The  bottom  of  the  well,  at  a  depth  of  1,147 
feet,  is  down  121  feet  in  the  Porters  Creek  clay.     If  it  is  assumed 
that  this  formation  has  there  its  maximum  thickness  of  175  feet,  as 
observed  elsewhere,  and  that  the  Ripley  formation,  Selma  claj",  and 
Eutaw  sand  have  their  maximum  observed  thickness,  the  Paleoz*)ic 
floor  would  be  reached  at  Memphis  at  a  depth  of  about  1,160  feet 
below  the  bottom  of  the  deep  well,  or  about  2,300  feet  from  the  sur- 
face.    At  no^^ne  place,  however,  have  these  formations  been  found  to 
have  each  its  maximum  thickness,  but  where  one  is  thicker  than  the 
average  another  may  be  thinner  or  even  entirely  absent,  so  that  if 
there  is  not  an  aggregate  thickening  of  these  beds  as  compared  with 
their  development  in  other  places,  the  depth  to  the  Paleozoic  floor  at 
Memphis  will  be  considerably  less  than  2,300  feet — perhaps  several 
hundred  feet  less. 

It  should,  however,  be  as  clearly  borne  in  mind  that  one  or  more  of 
these  lower  beds  may  thicken  materially  or  that  other  formations  not 
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appearing  as  surface  outcrops  in  this  area  may  be  present  in  the  sec- 
tion and  make  the  distance  to  the  hard-rock  floor  greater  than  that 
given  above.  While  deep  drilling  in  loose  sands  and  clays  is  attended 
with  difficulties,  yet  if  it  were  thought  desirable  to  explore  to  further 
depth  the  water-bearing  deposits  underlying  Memphis,  the  boring 
might  easily  be  carried  to  a  depth  of  2,500  feet  or  more.  At  Galves- 
ton, Tex.,  a  few  years  ago,  a  well  was  successfully  sunk  through  loose 
sands  and  clays  to  a  depth  of  3,070  feet. 

CRETACEOUS   SYSTEM. 

EUTAW   aAND.« 

Extent. — The  Eutaw  sand  is  the  oldest  of  the  embayment  forma- 
tions and  rests  upon  the  hard  rocks  of  the  Paleozoic  floor.  It  out- 
crops along  the  eastern  edge  of  the  embayment  deposits  in  Hardin 
and  Decatur  counties  and  the  extreme  southern  part  of  Benton 
County,  Tenn.,  in  a  belt  whose  width  varies  from  2  to  8  miles  and 
averages  somewhat  less  than  4  miles.  In  the  deeper  part  of  the 
embayment  it  very  probably  extends  somewhat  farther  north  than 
its  extreme  northern  outcrop,  but  that  it  does  not  underlie  the  entire 
embayment  is  shown  by  its  absence  in  deep  borings  in  the  northern 
part  of  the  area,  at  Paducah,  La  Center,  Hickman,  and  Cairo.  It 
is  impossible  to  determine  its  northerji  limits  beneath  the  later 
deposits  in  the  absence  of  wells  deep  enough  to  reach  the  Paleozoic 
floor,  but  it  may  be  fairly  assumed  that  it  probably  underlies  all  of 
the  embayment  area  in  Tennessee  west  of  its  outcrop.  Under  most 
of  this  area,  however,  it  is  at  such  a  depth  that  there  is  not  much 
likelihood  of  wells  reaching  it,  because  water  will  probably  be  obtained 
at  less  depths  from,  overlying  beds. 

Lvthologic  chardcter. — The  Eutaw  beds  are  composed  predominantly 
of  sand,  which  is,  however,  interbedded  with  a  subordinate  amount 
of  clay.  The  deposit  was  formed  in  shallow  water  characterized 
by  weak  but  constantly  and  rapidly  changing  currents  so  that  the 
sand  and  clay  are  ever  varying  in  their  interbedding.  The  conditions 
w^re  not  marine,  but  probably  those  of  brackish  water.  In  a  contin- 
uous exposure  of  several  hundred  yards  beds  of  sand  or  clay  may  be 
seen  to  grade  wholly  or  partly  from  one  to  the  other  several  times,  or 
'  in  a  bed  of  one  material  a  lens  of  the  other  may  appear  and  rapidly 
thicken  or  may  remain  a  thin  layer  and  disappear  in  a  short  distance. 
In  places  the  sand  and  clay  are  interlaminated  in  very  thin  layers 
and  in  many  such  cases  the  laminae  are  cross-bedded.     The  cross- 

oThis  formation  Is  here  identical  with  the  Coffee  sand  of  Safford, and,  while  direct  tracing  to  Eutaw 
localities  in  Alabama  has  not  been  done,  it  is  most  probably  the  close  equivalent  of  the  Eutaw  of  that 
State.  In  the  Tennessee  area  it  is  not  thought  to  include  any  beds  equivalent  either  to  the  Tombigbee 
sand  above  or  the  Tuscaloosa  below.  If  the  Tombigbee  has  an  equivalent  in  this  area  it  is  most  prob- 
ably included  in  the  basal  part  of  the  Selma  clay .    The  Tuscaloosa  is  not  believed  to  be  rep resen  ted  here. 
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bedding  is  weak,  being  usually  at  a  gentle  angle  only  and  dying  out 
in  a  few  feet.  At  no  place  seen  by  the  writer  does  it  involve  a  lar^e 
mass  of  material  in  any  one  spot. 

As  a  result  of  this  abrupt  variation  in  lifhologic  character  no  two 
sections  of  the  Eutaw  sand  taken  a  few  rods  apart  will  agree  in 
detailed  thickness  of  beds.  Just  east  of  Parsons,  Tenn.,  in  the  rail- 
road cut,  there  are  at  the  base  about  4  feet  of  conglomerate  with 
angular  and  rounded  chert  cobbles  up  to  8  or  10  inches  in  diameter, 
overlain  by  very  dark  blue  lignitic  sandy  shales  in  thin  papery  layers. 
These  shales  are  locally  interbedded  with  several  layers  4  to  8  inches 
thick  of  coarse  material,  which  contains  rounded  chert  masses  4  to  6 
inches  in  diameter  and  numerous  similar-sized  angular  pieces  of 
Devonian  black  shale  that  must  have  been  derived  from  some  Devo- 
nian exposure  very  near  by,  along  the  shore  at  that  time.  Some  rods 
to  the  west  the  lignitic  shale  passes  beneath  cross-bedded  sands  that 
contain  a  sprinkling  of  rounded  gravel  up  to  an  ii\ch  in  diameter. 
These  sands  are  variable  in  texture  and  contain  occasional  thin  layers 
of  leaden-gray  clay  that  are  persistent  for  only  short  distances.  Far- 
ther west  this  layer  of  sand  and  gravel  Seems  almost  to  wedge  out  as 
it  passes  beneath  track  level,  and  over  it  lies  a  fine  leaden-gray  to 
dark-blue  or  purplish  clay  about  20  feet  thick,  overlain  by  about  10 
feet  of  lighter  colored  sandy  clay.  Owing  to  variations  in  their 
thickness  and  the  lowness  of  the  banks  of  the  cut,  the  average  thick- 
ness of  several  of  the  lower  beds  described  above  can  not  be  deter- 
mined, but  is  perhaps  10  to  20  feet  each. 

Section. — The  best  exposure  of  the  Eutaw  sand  is  found  at  Coffee 
Bluff,  on  the  west  bank  of  Tennessee  River  in  Hardin  Country,  Tenn. 
The  river  washes  the  foot  of  the  bluff  for  nearly  2  miles,  but  at  no 
point  is  the  base  of  the  formation  shown,  so  the  exact  thickness  there 
can  not  be  ascertained.  At  the  point  where  the  highway  reaches 
the  top  of  the  bluff  the  following  section  was  obtained : 

Section  at  Coffee  Bluff,  Tennessee. 

Feet 

1.  Back  half  a  mile  west  of  the  edge  of  the  bluff,  red  and  yellow  chert  gravels  of 

Lafayette  age  with  overlying  reddish  sandy  clay 15 

2.  Along  descending  slope  of  road  from  above  point  to  the  edge  of  the  bluff  are 

poorly  exposed  light-colored  sands  and  leaden-colored  clays  interbedded  in 

thin  layers  which  are  usually  minutely  laminated 120 

3.  At  top  of  bluff,  light-colored  sands  similar  in  cx>lor,  texture,  and  structure  to  those 

below 12 

4.  Dark  slate-colored  clay  in  thin  laminae,  usually  a  very  pure  and  fine-grained  clay, 

but  in  places  with  thin,  sandy  layers.  It  contains  small  fragments  of  indistinct 
plants  and  shows  at  its  base  local  unconformity  with  the  underlying  beds 25 

5.  Fine  gray  sand  interbedded  with  slaty  or  leaden-colored  clay  in  fissile  papery 

laminae.  The  sand  and  clay  are  often  interlaminated  and  more  or  less  cross- 
bedded;  in  places  a  relatively  pure  bed  of  sand  or  clay  several  feet  thick 
grades  over  along  the  bedding  plane  into  the  other  within  a  few  yards. 
On  the  surface  of   the  thin  fissile  shales  are  indistinct  leaf  im|»'e8sionfi. 
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Feet. 
The  sand  and  day  alike  carry  more  or  less  li^itized  wood,  which  is  in  small 
pieces  except  in  the  lower  part  of  this  division,  where  logs  of  it  are  found. 
Decomposing  pyrite  is  associated  with  the  lignite.  Two  logs  of  petrified 
wood  projected  from  this  sand  and  clay  when  SafTord  made  the  measure- 
ments recorded  on  page  412  of  his  Geology  of  Tennessee.  These  have  since 
disappeared  by  the  recession  of  the  bluffs  from  undercutting  by  the  river. 
Some  of  the  sand  is  flecked  with  fine  mica  particles.  In  places  n  tendency  to 
induration  is  noticeable  in  the  sands,  though  generally  they  are  rather  soft. 
The  cross-bedding  is  always  on  a  small  scale  and  frequent  reversals  of  direc- 
tion are  to  be  seen 40 

6.  Sand  varying  in  color  from  light  gray  to  canary  yellow,  micaceous 3 

7.  Sand,  gray  and  lignitic,  with  much  decomposing  pyrite,  to  water's  edge 15 

The  more  lignitic  sand  and  clay  showed  in  many  places  white  and 
yellowish-brown  incrustations,  due  to  efflorescence  by  the  sulphates 
nnd  other  salts  resulting  from  the  decomposition  of  the  pyrite.  The 
vrater  trickling  from  these  beds  along  the  face  of  the  bluff  was 
charged  with  iron  salts  and  was  precipitating  hydrated  iron  oxide, 
which  covered  the  ground  as  a  red  or  yellow  slimy  scum. 

At  Crump  and  Pittsburg  Landing,  4  and  8 J  miles,  respectively,  v 
south  of  Coffee  Bluff,  are  imperfectly  exposed  sections  of  the  Eutaw 
sand.  These  sections  show  interbedded  sands  and  clays  very  similar 
in  appearance  to  those  in  the  lower  part  of  Coffee  Bluff.  Some  of 
the  sand  at  Pittsburg  Landing  is  locally  cemented  into  a  loose  ferru- 
ginous sandstone. 

Dip  and  thickness. — The  Eutaw  sand  dips  westward  at  a  low  angle 
and  passes  beneath  the  Selma  clay.  No  exact  measurement  of  its 
thickness  has  been  made.  The  best  partial  section  is  that  at  Coffee 
Bluff  given  above.  Over  215  feet  are  exposed  there,  but  the  exact 
thickness  is  not  known,  as  the  strata  dip  slightly  westward  in  the 
half  mile  that  the  upper  part  of  the  section  stretches  back  from  the 
bluff.  The  base  is  not  exposed  at  low  water,  but  the  underlying 
Paleozoic  limestones  outcrop  some  distance  downstream  and  also 
above,  at  Savannah,  on  the  opposite  bank,  almost  in  line  with  Coffee 
Bluff.  It  is  probable  that  at  the  bluff  not  more  than  25  to  50  feet  of 
the  sand  are  beneath  low-water  level,  and  if  a  slight  allowance  be 
made  for  the  low  westward  dip  in  the  upper  part  of  the  section  the 
formation  is  not  far  from  250  to  275  feet  thick.  The  deep  well  at 
Lexington  passes  entirely  through  it,  but  unfortunately  the  position 
of  its  top  could  not  be  determined  from  the  record  given — from 
memory,  as  usual — by  the  driller.  A  well  at  Corinth,  Miss.,  seems 
to  have  entered  it  at  90  feet  according  to  one  record  and  at  150  feet 
according  to  another  record.  This  would  make  the  Eutaw  sand 
either  360  feet  or  300  feet  thick,  as  the  underlying  rock  was  reached 
at  450  feet.  Other  records  at  Corinth  make  it  more  likely  that  the 
formation  was  entered  at  a  depth  of  90  feet  and  that  it  is  conse- 
quently 360  feet  thick  there. 
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8ELMA   CLAT. 

Extent. — The  Selma  clay  rests  upon  the  Eutaw  sand  and  outcropss 
in  a  belt  6  or  8  miles  wide  that  enters  Tennessee  from  Mississippi 
and  extends  northward  about  halfway  across  the  State.  (See  PI.  I.) 
Like  the  Eutaw  sand,  it  then  disappears,  and  while  it  may  extend 
some  distance  farther  north  beneath  the  later  Gulf  embayment 
deposits  there  are  no  means  of  proving  such  to  be  the  case.  The 
problem  of  its  northward  extension  corresponds  to  the  similar  prob- 
lem discussed  under  the  Eutaw  sand  (p.  23).  The  wells  at  Paducah, 
La  Center,  Hickman,  and  Cairo  show  the  absence  of  both  the  Eutaw 
and  the  Selma. 

Lithohgic  character, — The  term  Selma  chalk,  applied  aptly  enough 
in  Mississippi  and  Alabama,  is  scarcely  appropriate  in  Tennessee, 
where  the  formation  is  a  clay  that  is  light  leaden  gray  or  greenish 
when  dry  and  somewhat  darker  colored  when  wet.  Certain  parts 
are  a  darker  green  from  the  presence  of  grains  of  glauconite.  Fo^il 
shells  are  common  and  in  some  places  are  so  large  and  abundant 
that  they  have  often  been  gathered  and  burned  for  lime.  Through- 
out the  formation,  which  is  very  uniform  in  character,  the  clay  con- 
tains a  considerable  amount  of  lime,  derived  from  the  decay  of  the 
fossil  shells,  and  very  near  or  just  at  the  base  are  usually  found  one 
or  more  thin  layers  of  clay  or  greensand,  indurated  by  the  presence 
of  the  lime.  Some  layers  are  nearly  free  from  the  glauconite  or 
greensand;  in  others  it  is  fairly  abundant.  The  formation  was 
deposited  under  marine  conditions.  . 

When  this  clay  is  wet  and  unaffected  by  surface  weatnering  it  is 
often  blue  and  is  described  by  the  well  drillers  as  *'blue  dirt."  Near 
the  surface  in  natural  exposures  it  weathers  to  a  yellowish-green 
clay,  that  is  exceedingly  sticky  when  wet  and  that  on  drying  shrinks 
and  cracks  open,  so  that  it  is  known  as  **joint  clay.'* 

The  clay  is  somewhat  sandy,  but  no  beds  evfen  approaching  a  pure 
sand  were  found  in  it.  Water  percolates  through  it  slowlyi  Very 
much  of  the  rainfall  runs  off  on  the  surface  and  this  is  believed  to 
explain  the  absence  in  so  much  of  its  outcrop  area  of  beds  of  sur- 
ficial  gravel  and  sand,  such  as  rest  on  the  adjacent  formations  both 
to  the  east  and  to  the  west.  The  removal  of  these  surficial  gravel 
deposits  is  discussed  more  fully  under  the  heading  ''Origin  of  the 
topography"  (p.  17). 

Thickness. — Near  the  Mississippi  line  the  formation  is  between  350 
and  375  feet  thick.  At  Selmer,  Tenn.,  it  is  375  feet  thick.  To  the 
north  it  thins  to  100  feet  or  less  before  it  disappears.  In  the  deep 
well  at  Lexington,  Tenn.,  the  Selma  clay  and  the  underlying  Eutaw 
sand  are  together  300  feet  thick.  The  driller  did  not  note  any  change 
in  passing  from  one  to  the  other,  but  this  is  not  greatly  to  be  won- 
dered at,  since  east  of  Lexington  along  the  railroad  to  Parsons  the 
Eutaw  sand  contains  much  dark-gray  clay. 
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BIPLET   FOBMATION. 

Extent — The  Ripley  formation  extends  across  both  Tennessee 
and  Kentucky  into  southern  Illinois  and  there  curves  westward.  Its 
exact  western  extent  in  Illinois  was  not  determined,  partly  from 
lack  of  time,  but  mainly  because  of  the  scarcity  of  outcrops  due  to 
the  thickness  of  the  overlying  Lafayette  and  loess  deposits  on  the 
uplands  and  of  the  alluvium  on  the  Mississippi  River  flood  plain.  It 
is  probable  that  the  Ripley  formation  extends  across  to  the  Missis- 
sippi at  Thebes,  111.,  and  is  the  sand  described  as  overlying  the 
Silurian  limestone  just  above  that  place,  though  this  sand  may  be  a 
part  of  the  Lagrange  formation. 

The  belt  occupied  by  the  Ripley  outcrop  is  about  12  miles  wide  at 
the  southern  boundary  of  Tennessee.  To  the  north  it  narrows  to 
about  8  or  9  miles  in  the  center  of  the  State  and  to  6  miles  along  the 
northern  boiindary.  This  width  is  maintained  in  Kentucky  and  is 
exceeded  in  southern  Illinois. 

Lithologic  character, — Lithologically  this  formation  bears  consid- 
erable resemblance  to  the  Eutaw  sarid.  It  is,  however,  composed 
more  largely  of  sand  and,  at  least  in  surface  exposures,  is  predomi- 
nantly lighter  in  color.  The  stratified  sands  of  the  Ripley  show  in 
some  sections  a  considerable  variety  of  colors,  usually  red,  pink, 
light  yellowish  brown,  and  gray.  With  the  sands  are  found  beds  of 
gray,  leaden,  or  slate-colored  clay  10  to  20  feet  or  more  thick.  In 
places  the  sand  and  clay  are  interbedded  in  thin  layers.  The  sands 
are  usually  medium  to  line-grained,  and  soft  and  incoherent.  Indu- 
ration by  iron  is,  however,  a  prominent  feature  in  certain  places. 

Many  of  the  clay  beds  contain  lignite,  either  in  separate  pieces  or 
in  thin  beds  of  local  development.  Partly  rotted  and  unidentifiable 
leaf  remains  are  common.  In  a  few  places  well-preserved  leaf  im- 
pressions were  found,  r,s,  for  instance,  on  the  *' sandhill^'  road  east 
of  Benton,  Ky.,  about  halfway  up  the  ascent  from  the  bottoms  of 
East  Fork  of  Clarks  River  to  the  uplands. 

The  sands  contain  a  larger  proportion  of  iron  than  any  other  for- 
mation in  the  region  except  the  Lafayette.  Part  of  this  iron  near 
the  surface  is  peroxidized  and  colors  the  sands  a  deep  red,  which  is 
very  much  like  the  color  so  often  found  in  the  sands  of  the  Lafayette 
formation  (see  p.  42).  This  makes  it  difficult  to  determine  the  con- 
tact between  the  Ripley  and  the  Lafayette,  which  generally  overlies 
all  the  older  formations.  For  instance,  the  contact  is  very  obscure 
in  the  ^*big  cuf  (PI.  II,  A)  on  the  Southern  Railway  and  has  been 
a  source  of  uncertainty  and  error  in  the  interpretation  of  the  section 
found  there." 

The  larger  part  of  the  iron  occurs  as  a  cement  for  the  sands  at  cer- 

flSee  Hilgard,  E.  W.,  Geology  and  Agriculture  of  Mississippi,  1860,  p.  16;  Saflord,  J.  M.,  Geology  of 
Tennesaee,  1869,  p.  418. 
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tain  horizons  and  has  converted  them  into  sand  ironstone  that 
assumes  a  variety  of  shapes,  some  of  which  are  unusual.  A  comnMri 
form  is  the  firm  sandstone  made  by  the  cementing  of  several  feet  •»! 
sand  by  iron.  Thin  platy  layers  of  ironstone  also  occur.  Some  oi 
these  are  flat ;  others  are  curved  into  odd  and  fantastic  shapes.  At 
certain  horizons  concretionary  ironstone  tubes  or  pipes  are  found. 
These  may  be  long,  straight,  separate  pipes  of  uniform  size  and 
thickness  or  somewhat  irregular  and  more  or  less  flattened  and 
united  into  a  honeycombed  mass,  in  which  the  tubes  are  parallel. 
Several  horizons  of  such  honeycombed  ironstone  concretions  are 
to  be  seen  in  the  '  *  big  cut,  *'  of  which  a  section  is  given  (see  PI.  II,  B.  • 
Here  these  concretions  form  ledges  that  hold  up  the  sides  of  the  cut 
from  caving. 

In  general,  the  sandstone  lay^ers  or  the  plates  or  tubular  masses 
become  exposed  by  erosion  and  then  act  as  a  protection  against 
further  erosion.  It  is  partly  for  this  reason  that  the  outcrop  oi 
the  Ripley  sand  forms  an  elevated  ridge  that  is  very  conspicuous  in 
northern  Mississippi  and  extends  for  a  number  of  miles  into  Tennessee 
before  it  dies  down  into  an  elevated  belt  that  usually  forms  the  divide 
between  the  Tennessee  and  Mississippi  River  drainages.  Another 
reason  for  the  greater  elevation  of  this  and  other  sandy  belts  as  com- 
pared with  adjacent  clay  areas  is  the  fact  that  a  much  larger  propor- 
tion of  the  rainfall  soaks  into  the  sand  than  into  the  clay  and  so  does 
not  erode  the  surface.     (See  p.  17.) 

In  deep  wells  the  sands  are  not  usually  so  oxidized  as  in  siuface 
outcrops  and  so  show  grays  or  dark  colors  instead  of  the  light  one> 
mentioned  above. 

In  some  places,  especially  in  Kentucky  and  in  Massac  Coiinty,  111., 
the  Ripley  contains  beds  of  clay  suitable  for  pottery  purposes. 

Fossils, — No  fossils  other  than  plant  remains  are  found  in  thi> 
formation  in  the  area  under  consideration. 

From  this  fact  and  from  its  lithologic  character  it  is  believed  to  W 
of  nonmarine  origin.  It  was  deposited  in  fresh  or  brackish  water 
here,  but  farther  south  in  Mississippi  marine  conditions  prevailed. 
The  beds  of  impure  limestone  just  east  of  Middleton,  Tenn.,  contain- 
ing remains  of  marine  fossils  and  tentatively  assigned  by  SafFord  to 
the  top  of  the  Ripley,  are  now  known  to  belong  to  the  Eocene.  The 
plant  remains  found  in  the  Ripley  are  usually  fragmentary  and 
unrecognizaWe.  Its  stratigraphic  relations,  however,  and  its  con- 
tinuity with  strata  in  Mississippi  that  contain  marine  fossils  make 
its  Cretaceous  age  evident.  It  is  the  youngest  Cretaceous  formation 
of  tlie  region. 

Section. — The  best  section  of  the  Ripley  formation  is  to  be  seen  in 
the  deep  cut  through  the  ''big  hill,"  IJ  miles  west  of  Cypress  station. 
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Tenn.,  on  the  Southern  Railway.     This  section  from  the  top  down- 
i^ard  is  as  follows: 

Section  of  Ripley  formation  near  Cyjiress,  Tenn. 

Feet. 

1.  Red  case-hardened  Lafayette  sand  and  clay,  with  a  few  broken  pieces  of  fer- 

ruginous sandstone  and  scattering  quartz  pebbles  marking  the  contact  with 

the  uBcferlying  Ripley 8 

2.  Fine  red  sand  and  clay,  with  roUed  clay  pellets  and  thin  streaks  of  white  clay. .  20-25 

3.  Concretionary  tubular  sand  ironstone  in  single  pipes  or  in  masses  of  parallel  ones, 

with  soft  sand  cores 2-S 

4.  Fine  variegated  sand,  having,  as  a  whole,  a  light  grayisli  color,  but  showing  in 

detail  red,  white,  brown,  yellow,  and  purple  streaks  or  mottling.    Case- 
hardened,  so  that  it  breaks  of!  in  large  masses 20 

5.  Femiginous  sandstone  pipes  and  fluted  masses  as  above , ...      0-5 

6.  Fine  sand  and  clay  interbedded  in  thin  laminsB;  yellow,  brown,  cream,  or  gray; 

sands  micaceous;  leaf  and  other  plant  markings  common  but  indistinct  and 
unidentifiable,  exposed  down  to  15  feet  below  track  level 35 

Dip  and  thickness. — The  dip  of  the  Ripley  in  Tennessee  and  southern 
Kentucky  is,  like  that  of  the  older  formations,  at  a  low  angle  to  the 
west.  In  northern  Kentucky  it  is  southwest  and  in  Illinois  it  is 
south.  Its  exact  thickness  in  southern  Tennessee  is  not  known,  but 
it  is  probably  500  feet.  At  Paducah,  Ky.,  204  feet  of  it  were  found 
in  the  deep  well,  and  to  get  its  entire  thickness  there  probably  100 
feet  should  be  added  to  this  for  its  eroded  upper  part.  At  Cairo,  111., 
it  is  only  25  to  54  feet  thick.  At  Wickliife,  Ky.,  it  is  reported  to  be 
400  feet  thick. 

TERTIARY  SYSTEM. 

EOOXBE  8SIIIE8. 

POBTEBS  CREEK   FORMATION. 

Extent, — The  Porters  Creek  formation,  the  oldest  of  the  Eocene 
rocks  of  the  region,  rests  unconformably  on  the  Ripley  sands  of  the 
Cretaceous  and  outcrops  immediately  west  of  the  Ripley  in  a  belt  that 
is  about  8  miles  wide,  in  southern  Tennessee,  but  averages  only  about 
4  miles  in  width  across  the  State.  In  Kentucky  it  widens  out  again, 
reaching  10  or  12  miles  in  northern  Calloway  County.  The  outcrop 
narrows  much  as  it  curves  westward  beyond  Paducah  and  is  con- 
cealed by  the  alluvial  deposits  of  Ohio  River  before  crossing  into 
Illinois.  In  Illinois  it  is  known  to  outcrop  only  along  the  bank  of  the 
Ohio,  at  Caledonia  Landing,  and  for  some  distance  to  the  north 
toward  the  Grand  Chain.  The  exposures  are  for  the  most  part  poor, 
however,  and  its  identification  is  made  partly  by  a  few  indistinct 
fossil  casts  but  mainly  by  the  presence  of  greensand,  which  is  absent 
from  the  Ripley  below  and  the  Lagrange  above,  but  which  is  found  in 
the  lower  part  of  the  Porters  Creek.  Farther  west  across  southern 
Illinois  its  outcrop  is  obscured  by  either  the  Lafayette  gravels  and  the 
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loess  or  by  the  alluvial  deposits  of  the  Cache  and  Mississippi  River 
bottoms. 

Lithohgic  cTiaracter. — The  formation  is  composed  mainly  of  a  fine- 
grained clay  that  is  very  dark  gray  or  in  places  almost  black  when 
wet,  but  which  becomes  a  light  gray  on  drying.  It  is  familiarly 
known  in  the  region  as  soapstone.  Interbedded  with  this  clay  are 
sometimes  found,  especially  in  the  lower  part  of  the  formation, 
beds  of  fine,  micaceous,  silty  sands,  which  are  usually  indurated  into 
soft  sandstones.  The  lower  part  of  the  formation  also  contains^ 
interbedded  with  the  gray  clay  and  micaceous  sand,  beds  of  greensand 
that  may  contain  enough  calcareous  matter  to  cement  certain  layers 
into  impure  limestone.  The  calcareous  matter  has  doubtless  been 
derived  from  marine  shells,  the  hollow  impressions  of  which  are  abun- 
dant in  some  of  the  more  calcareous  beds.  Such  beds  have  been 
found  near  the  base  of  the  Porters  Creek  formation  at  intervals  from 
a  point  just  east  of  Middleton,  Tenn.,  nearly  to  Paducah,  Ky. 

At  several  places  the  leaden-gray  clays  and  the  greensands  pf  the 
Porters  Creek  formation  are  intersected  with  sandstone  dikes. 
These  dikes  vary  in  width  from  a  fraction  of  an  inch  to  as  much  as  2 
feet,  though  the  average  width  is  only  a  few  inches.  In  places  they 
seem  to  occur  singly  and  the  few  thus  seen  were  wider  than  the 
average  and  ran  in  straight  lines.  More  commonly  a  large  number  of 
small  dikes  occur  together.  These  may  run  in  any  direction  and 
are  apparently  without  any  system  in  their  orientation.  Some  mem- 
bers of  a  group  are  persistent  in  direction  and  fairly  constant  in 
width,  while  others  vary  in  direction  and  width  and  throw  off  branches 
that  may  end  blindly  or  may  curve  and  unite  again  with  the  main 
dike.     The  various  dikes  of  a  group  intersect  at  almost  any  angle. 

Some  of  the  dikes  show  slickensided  surfaces  with  vertical  stria- 
tions,  and  a  few  of  the  slickensided  dikes  show  cracks  produced  by 
shearing  that  resulted  from  the  differential  movement  of  the  rocks 
on  either  side  of  the  dike.  The  faulting  thus  indicated  is  believed  to 
have  been  of  very  small  amount.  In  only  two  cases  was  it  possible 
to  ascertain  by  any  discontinuity  of  beds  that  faulting  had  occurred. 
In  these  the  amount  of  movement  was  between  1  foot  and  2  feet  only. 

The  sandstone  filling  these  dikes  is  a  soft,  fine-grained,  micaceous, 
silty  rock  similar  to  that  interbedded  with  the  clays  of  the  formation. 
The  dikes  contain  casts  of  marine  invertebrate  fossils  similar  to  those 
found  in  the  sandstone  beds.  In  both  cases  all  trace  of  shell  sub- 
stance has  disappeared,  but  distinct  impressions  are  left. 

From  the  lithologic  similarity  and  from  the  identity  of  the  fossil 
casts  it  is  believed  that  the  material  of  the  dikes  was  derived  from 
the  micaceous  sandy  beds  of  the  formation,  and  that  it  was  injected 
into  the  openings  where  it  is  now  found  while  still  an  unconsolidated 
sand,  whose  mica  particles  would  in  the  presence  of  water  convert 
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it  into  a  very  mobile  quicksand  and  enable  it  to  flow  into  the  fissures 
without  crushing  to  pieces  the  delicate  shells  it  contained.  This 
injection  very  probably  occurred  shortly  after  these  beds  were 
deposited,  as  it  was  evidently  before  the  sand  had  become  consoli- 
dated into  a  sandstone  and  before  the  calcareous  matter  of  the  shells 
contained  in  it  had  been  removed  by  leaching. 

The  size,  number,  and  relations  of  the  fissures  to  each  other  lead 
to  the  belief  that  they  are  not  the  result  of  shrinkage  of  the  sediments 
during  consolidation,  but  that  they  wpre  produced  by  earthquake 
disturbances  in  Eocene  time  not  long  after  these  beds  were  deposited, 
and  that  the  micaceous  sand  was  forced  upward  along  with  water 
into  these  cracks  during  the  disturbances,  just  as  in  this  same  region 
the  embayment  deposits  were  much  fissured  during  the  New  Madrid 
earthquake  of  1811  and  1812  and  sand  and  water,  often  in  large 
quantities,  were  forced  up  through  these  fissures  to  the  surface. 

The  sands  in  the  Porters  Creek  tore  off  pieces  of  the  clay  from  the 
walls  of  the  fissures  as  they  were  forced  up,  and  these  pieces  of  clay, 
some  rounded  slightly  but  most  of  them  still  sharply  angular,  are 
found  to-day  as  inclusions  in  the  sandstone  dikes.  The  sand  thus 
injected  became  indurated,  and  it  is  probable  that  the  slight  faulting 
that  produced  the  slickensiding  and  the  shearing  seen  in  some  of 
the  dikes  was  the  result  of  another  and  later  period  of  earthquake 
disturbance. 

In  Mississippi  McGee  ^  has  recognized  and  described  similar  dikes. 
In  Kentucky  Loughridge  *  saw  in  a  number  of  places  dikes  of  sand- 
stone in  the  Porters  Creek,  though  he  failed  to  recognize  their  true 
nature.  Safford^  apparently  did  not  recognize  them,  nor  did 
Harris,^  though  both  evidently  saw  them — Safford  near  Wade 
Creek,  where  the  writer  first  saw  them,  on  the  road  from  Bolivar  to 
Purdy,  and  Harris  at  Crainesville,  a  few  miles  away.  Harris  describes 
them  as  sandstone  concretions. 

TTiickneas  and  dip, — The  thickness  of  the  Porters  Creek,  according 
to  the  best  measurement  available — that  in  the  well  at  Jackson, 
Tenn.; — ^is  about  175  feet.  At  Wickliffe,  Ky.,  it  is  158  feet  thick,  and 
farther  north,  near  the  northern  edge  of  the  area,  where  it  has  prob- 
ably suffered  from  erosion,  its  thickness  is  124  feet  at  Cairo  and  100 
feet  at  Mound  City,  111.  At  Huntington,  Tenn.,  the  wells  show  65 
to  70  feet  of  it,  but  this  may  not  be  the  full  thickness  there,  as  the 
wells  probably  start  below  the  top.  Just  south  of  Paducah,  Ky.,  a 
well  has  gone  140  feet  into  it  without  getting  through  it,  and  the  deep 
well  at  Memphis,  after  penetrating  121  feet  of  it,  stopped  without 
getting  through.     It  is  very  probable  that  the  underlying  Ripley 

o  McQee,  W  J,  Bull.  Geol.  Soc.  America,  vol.  1, 1800,  p.  440. 

b  Loughridge,  R.  IL,  Jackson  Purchase  Region,  18H8,  pp.  44.  252,  287. 

c  Saflord,  J.  M.,  Geology  of  Tennessee,  1869,  p.  423. 

d  Harris,  Q.  D.,  The  Midway  stage:  Bull.  Am.  Paleontology,  vol.  1, 1896,  p.  18. 
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sands  would  be  reached  in  this  well  in  less  than  100  feet  more.  The 
dip  is  at  a  low  angle  to  the  west  in  Tennessee  and  averages  for  the 
section  east  of  Memphis  22  feet  per  mile.  It  changes  in  Kentucky 
and  southern  Illinois  to  the  southwest  and  the  souths  respectively, 
and  increases  in  amount  a  few  feet  per  mile. 

Age  and  nomenclature, — ^Marine  invertebrate  fossils  from  the  band 
of  impure  limestone  and  the  calcareous  greensand  near  the  base 
show  the  fauna  to  be  of  lower  Eocene  age.  A  few  casts  from  the 
Huddleston  farm,  near  the  mouth  of  Wade  Creek,  8 J  miles  east  of 
Bolivar  and  2  J  miles  west  of  Crainesville,  Tenn.,  were  sent  to  Dr. 
W.  H.  Dall  for  identification.  He  reported  OmssateUites  produ4iuJs 
Con.,  Protocardia  lenis  Con.,  Venericardia  aUicostaia  var.  Con.,  and 
CucuUsea  macrodonta  Con.  as  recognizable  and  referred  it  to  the  upper 
portion  of  the  formation,  called  by  Harris  and  older  authors  the 
Lignitic,  probably  about  E.  A.  Smith's  Bashi  series. 

From  the  locality  just  mentioned  Harris  made  a  larger  collec- 
tion than  the  writer  and  has  also  collected  extensively  from  the  same 
beds  at  several  other  localities  in  the  immediate  neighborhood.  The 
description  of  these  localities  and  lists  of  the  forms  found  are  given  in 
his  monograph  on  the  Midway  stage.** 

In  1860  Safford  sent  Gabb  collections  from  these  same  beds  made  at 
three  points  in  the  vicinity  of  Middleton,  Tenn.  They  were  described 
by  Gabb,*  the  impression  then  being  that  they  were  of  Cretaceous  age. 

Occasional  plant  remains  have  been  reported  from  the  clays  of  this 
formation.  In  a  cut  on  the  Southern  Railway  at  milepost  480.5,  about 
a  mile  east  of  Middleton,  Tenn.,  the  writer  found,  in  a  bluish  sandy 
clay  containing  some  greensand,  both  casts  of  marine  invertebrates 
and  scattering  leaf  impressions,  the  latter  somewhat  fragmentary, 
but  well  enough  preserved  for  identification.  From  want  of  time 
and  from  the  fact  that  the  geologic  horizon  was  definitely  known 
from  the  invertebrate  remains,  no  collection  of  these  leaves  was  made. 
though  the  locality  would  be  a  favorable  one  for  correlating  this 
Eocene  fauna  and  flora,  which  were  evidently  contemporaneous. 

SafTord  later  recognized  the  Eocene  age  of  the  thin  limestone  east  of 
Middleton  at  or  near  the  base  of  this  formation  and  proposed  for  it  the 
name  Middleton  formation.*^  No  definite  upper  limit,  however,  was 
set  for  the  formation,  though  it  apparently  was  meant  to  include  only 
the  calcareous  beds.  Since  these  calcareous  beds  are  not  sharply  sep- 
arable from  the  more  purely  argillaceous  beds  above,  and  since  both 
together  form  a  unit  so  far  as  all  water-supply  problems  are  con- 
cerned, it  is  thought  best  to  regard  as  one  formation  the  impure  lime- 
stones, greensands,  silty  sandstones,  and  light  leaden-colored  clays 

o  Harris,  G.  D.,  The  Midway  stage:  Bull.  Am.  Paleontology,  vol.  1, 1896,  pp.  18-22. 
6  Jour.  Acad.  Nat.  Soi.  Pliila.,  now  ser.,  vol.  4,  pp.  375-406. 

e  SaHorrl,  J.  M.,  Notes  on  the  Middleton  formation  of  Tennesaee,  Misaisaippi,  And  AUhama:  BoB. 
Geol.  Soc.  America,  vol.  3, 1892,  pp.  121-123. 
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that  extend  from  the  Ripley  sands  below  to  the  Lagrange  sands 
above  and  for  these  rocks  to  retain  the  geographic  name  Porters  Creek, 
early  proposed  and  used  by  Safford.  It  is  the  equivalent  of  the 
Flatwoods  of  the  Mississippi  geologists. 

LAOIUNOE  FOBKATION. 

Of  all  the  deposits  in  the  area  discussed  the  Lagrange  is  the  thickest, 
covers  the  largest  area,  shows  proportionally  the  least  actual  surface 
exposure,  and  is  the  most  variable  in  composition  and  the  most  doubt- 
ful as  to  its  exact  age.  It  has  in  the  past  been  the  most  puzzling  to 
geologists  and  has  led  to  the  most  errors  on  their  part.  Aside  from  the 
interest  these  facts  give  it,  it  is  and  always  will  be  the  most  important 
of  these  formations  as  a  source  of  water  supplies  because  of  the  wide 
area  underlain  by  it,  the  unusually  good  quality  and  quantity  of  the 
water  it  contains,  and  the  moderate  depth  at  which  the  water  may 
usually  be  obtained. 

Extent. — The  eastern  edge  of  the  Lagrange  formation  extends  from 
the  southwestern  part  of  Hardeman  County,  Tenn.,  north-northeast- 
ward through  Chester,  Madison,  Henderson,  Carroll,  and  Henry  coun- 
ties, Tenn.,  and  southwestern  Calloway,  northeastern  Graves,  middle 
McCracken,  and  northern  Ballard  counties,  Ky.  It  then  passes  west- 
ward into  Pulaski  County,  111.,  not  far  south  of  Caledonia  Landing. 
It  is  not  possible  to  follow  it  westward  across  Pulaski  and  Alexander 
counties,  because  it  is  concealed  beneath  later  deposits. 

All  of  the  area  under  consideration  in  this  paper  lying  west  and  south 
of  the  line  thus  traced  is  underlain  at  no  great  depth  by  the  Lagrange 
formation.  The  territory  thus  embraced  is  somewhat  over  two-thirds 
of  the  total  area  discussed.  Although  underlying  so  large  a  territory 
it  forms  the  actual  surface  of  but  a  small  part,  since  on  the  uplands  it 
is  concealed  by  the  Lafayette  and  the  loess  and  loam,  and  in  the 
Mississippi  bottoms  its  upper  part  has  been  cut  away  to  some  extent 
by  the  river  and  then  covered  with  alluvial  deposits.  At  many  places 
on  the  uplands  the  thin  overlying  deposits  are  cut  through  by 
streams  and  railways,  so  that  abundant  opportunities  are  presented 
for  studying  it  and  determining  its  extent. 

LUhologic  character. — The  formation  consists  of  interbedded  sands, 
clays,  and  lignitic  material.  Much  the  larger  part  is  sand,  which  is 
mostly  fine  grained,  though  here  and  there  throughout  the  forma- 
tion beds  of  medium  or  coarse  sand  or  even  gravel  may  b^  found. 
Such  coarser  beds  do  not  seem  to  be  continuous  over  any  large  area. 
While  it  is  probable  that  if  a  coarse  bed  is  struck  in  one  well  at  any 
given  depth  it  will  also  be  found  in  other  wells  in  the  immediate  vicin- 
ity, yet  at  Memphis  beds  reached  by  one  well  have  not  been  foimd  in 
other  wells  only  a  block  or  two  distant. 
iRB  164—06 3 
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The  sands  exposed  to  view  are  usually  strongly  cross-bedded  and 
were  deposited  under  brackish-water  conditions  in  a  sea  chaxacterized 
by  strong  and  ever  varying  currents,  so  it  is  not  strange  that  coarbe 
sand  or  gravel  found  in  one  spot  should  be  wanting  a  short  distanc€' 
away.  The  sand  is  usually  sharp  grained  and  much  of  it  is  so  fine  that  it 
can  not  be  kept  out  of  deep  wells  even  with  the  finest  strainers.  The 
color  of  the  sand  is  usually  a  cream  or  light  orange,  though  in  many 
places  streaks  of  it  show  rusty  browns,  light  pinks,  or  light  purples?. 
In  exposed  sections  these  colors  may  wash  out  during  rains  and  color 
all  of  the  surface  beneath  them  so  as  to  give  erroneous  impressions  as 
to  the  real  color  of  much  of  the  section  unless  it  is  examined  by  diggin^^ 
into  it.  In  places  the  sand  is  darkened  by  lignitic  material  and  may 
appear  gray  or  grayish  black. 

The  clays  of  the  Lagrange  vary  from  pure,  fine-grained  plastic 
material  to  sandy,  silty  clays  that  are  often  dark  from  organic  matter 
or  black  from  lignite.  The  clays  of  the  lower  part  of  the  formation 
are  characteristically  fine  grained,  pure,  plastic,  and  either  very  light 
colored  or  white.  Chemically  they  are  highly  siliceous.  Without 
doubt  they  have  resulted  from  the  thorough  disintegration  of  the 
cherts  of  the  surrounding  Paleozoic  land  surface,  which  furnished  the 
waste  to  the  sea  of  that  day. 

The  plastic,  siliceous  clays  occur  as  lenses  embedded  in  the  sands  and 
are  found  outcropping  in  a  belt  along  the  eastern  part  of  the  Lagran^je 
area  in  both  Tennessee  and  Kentucky.  At  numerous  places  they  are 
mined  and  either  used  in  local  potteries  or  shipped  in  the  raw  condi- 
tion to  other  States.  Many  of  the  beds  contain  great  numbers  i>f 
beautifully  preserved  leaf  impressions  and  numerous  collections  have 
been  made  of  these  remains.  The  writer  made  collections  at  Grand 
Junction,  Tenn.,  and  at  Hickman  and  Wickliffe,  Ky.  These  were  sub- 
mitted to  F.  H.  Knowlton  for  identification,  and  his  detailed  report 
is  given  on  page  38,  in  the  discussion  of  the  age  of  the  beds  here 
included  in  the  Lagrange.  The  clays  mined  in  Pulaski  and  Massac 
counties,  111.,  appear  to  belong  not  to  this  but  to  the  Ripley  forma- 
tion, since  they  are  found  north  of  the  outcrop  of  the  Porters  Creek 
formation  along  the  Caledonia  bluff. 

The  Lagrange  is  here  made  to  include  all  of  the  beds  between  the 
Porters  Creek  clay  beneath  and  the  Lafayette  gravel  above.  In  con- 
trast to  the  white  plastic  clays  which  characterize  the  lower  part  of  it 
and  outcrop  near  its  eastern  margin,  dark-colored  lignitic  clajrs  art? 
often  very  prominent  in  its  upper  part  and  are  exposed  along  the 
Mississippi  bluffs  or  are  penetrated  in  wells  in  the  western  f)ortion  of 
the  area.  At  Memphis,  for  instance,  there  is  a  bed  of  blue  clay  about 
150  to  200  feet  thick  at  the  top  of  the  formation.  At  Randolph. 
Tenn.,  the  lower  part  of  the  bluff  is  composed  of  dark  lignitic  clays 
with  beds  of  lignite.     At  Hickman,  Ky.,  the  upper  part  of  the  for- 
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mation  is  composed  of  fine-grained  leaden-gray  siliceous  clays  under- 
lain by  darker  lignitic  sandy  clays.  Wells  at  several  other  places 
near  the  Mississippi  bluffs  report  dark  clays  or  silts  in  the  upper  part 
of  their  sections.  The  dark-colored  clays  found  at  these  various  places 
are  not,  however,  lithologically  similar,  and  wells  here  and  there  in 
the  area  just  east  of  the  Mississippi  bluffs  fail  to  report  it,  but  give 
sands  instead  in  the  upper  part  of  the  section.  This  indicates  that 
there  is  not  a  uniform  bed  of  clay  overlying  the  light-colored  cross- 
bedded  sands  familiar  in  Lagrange  outcrops  farther  east,  but  that 
there  are  several  clay  or  sandy-clay  lenses,  the  one  at  Memphis  being 
unusually  thick  and  uniform  in  character,  overlying  the  more  purely 
sandy  part  of  the  formation  and  making  up  its  upper  portion. 

The  writer  attempted  to  separate  this  upper  clay  portion  from  the 
lower  part  of  the  Lagrange  and  treat  it  as  a  distinct  formation.  It 
could  not  be  traced  by  means  of  well  records,  and  as  the  Lafayette 
gravel  almost  everywhere  conceals  all  underlying  beds  in  a  belt  10  to 
30  miles  wide  east  of  the  Mississippi  bluffs,  it  was  impossible  to  trace 
it  by  surface  exposures,  except  perhaps  by  such  an  amount  of 
detailed  work  as  was  clearly  out  of  the  question  in  the  time  available. 
The  effort  to  establish  the  clay  as  a  separate  formation,  therefore,  had 
to  be  abandoned.  It  is  entirely  possible  or  even  probable  that  the 
upper  part  should  be  separated  from  the  middle  and  lower  parts  and 
after  very  detailed  work  criteria  may  be  forthcoming  for  this  discrimi- 
nation. At  present  it  is  impracticable  and  all  the  beds  are  lumped 
together,  though  certain  facts  brought  out  under  the  discussion  of  the 
age  of  the  Lafayette  (p.  40)  render  it  probable  that  the  upper  clay  is 
considerably  younger  than  the  plant-bearing  clays  in  the  lower  part  of 
the  formation  at  Grand  Junction,  Tenn,,  and  elsewhere. 

Lignitic  material  is  found  throughout  the  formation,  but  is  more 
abundant  in  the  upper  part,  in  the  dark  clays  just  described.  In  the 
clay  pits  in  the  lower  port  of  the  formation  macerated  and  unidentifia- 
ble leaf  remains  occur  in  certain  layers  in  such  quantities  as  to  make 
them  look  like  rotten  strawboard,  as,  for  instance,  in  the  pits  just  east 
of  Grand  Junction,  Tenn.  In  places  thin  beds  of  lignite  are  reported 
in  the  lower  part  of  the  formation.  Beds  of  lignite  several  feet 
thick  near  the  top  of  the  formation  have  been  reached  in  numerous 
deep  wells  in  the  western  parts  of  Haywood  and  Weakley  counties, 
Tenn.,  and  a  number  of  natural  exposures  are  known  along  the  Missis- 
sippi bluffs.  Years  ago  attempts  were  made  at  several  places  to  mine 
the  lignite,  but  were  unsuccessful. 

Section. — Admirable  exposures  of  this  formation  are  to  be  found  at 
and  near  the  town  of  Lagrange,  Tenn.,  from  which  it  takes  its  name. 
Lagrange  is  situated  on  a  high  divide  running  east  and  west,  with  a 
steep  southward  slope  that  forms  the  northern  valley  wall  of  Wolf 
River  and  overlooks  both  the  river,  floA^ang  a  mile  away  and  200  feet 
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below  it,  and  the  gently  rising  surface  on  the  south  side  of  the  river 
which  stretches  back  for  miles  befor  attaining  the  elevation  of  the 
north  side. 

Erosion  is  rapidly  attacking  this  steep  southern  slope  and  ravines 
100  to  150  feet  deep  are  eating  northward  into  the  divide  and  under- 
mining houses  in  the  town  of  Lagrange.  These  ravines  branch  and 
rebranch  a  number  of  times,  and  in  their  ramifications  present  admira- 
ble opportunities  for  study  not  only  of  the  Lagrange  but  also  of  the 
overly^ing  Lafayette  and  Columbia  formations.  A  view  taken  here  is 
shown  in  PI.  Ill,  A.  The  section  exposed  in  these  ravines  in  the 
southern  edge  of  the  town,  on  either  side  of  the  road  leading  south  (rf 
Wolf  River,  is  as  follows: 

Section  at  Lagrange^  Tenn. 

Columbia:  Feet 

1 .  Soft,  loose,  light-yellow  to  light-gray  sands,  cross-bedded 15-lb 

2.'  Soil  layer,  dark  with  organic  matter 1 

Lafayette: 

3.  Massive  bed  of  brick-red  sand,  case-hardened,  showing  very  even  top  but  very 

irregular  lower  surface  and  resting  unconformably  on  the  underlying  sand.     4-15 
Lagrange: 

4.  Soft  cross-bedded  sands,  mostly  fine  but  in  placets  coarse,  of  various  light 

colors  such  as  nearly  white,  light  yellow,  faint  pink,  and  faint  purplish  with 
a  few  thin  crusts  and  small  rounded  or  short  tubular  concretions  of  sand 
ironstone  in  places.  Near  the  top  there  is  a  clay  lens  of  irregular  shape 
ranging  up  to  8  or  10  feet  thick IOC) 

The  lower  part  of  the  section  is  included  by  McGee"  in  the  Lafa- 
yette, which  throughout  northern  Mississippi  and  western  Tennessee 
he  considers  as  usually  tripartite,  the  upper  division  being  massive, 
case-hardened,  loamy,  brick-red  sand,  and  the  middle  and  lower  divi- 
sions being  softer,  brighter-colored  sand,  often  with  clay  lenses  or  beds 
containing  leaf  impressions.  He  would  place  the  lower  100  feet  of  the 
above  section  in  the  middle  and  lower  divisions  of  the  Lafayette  and 
regard  the  entire  Lafayette  at  Lagrange  as  200  feet  or  more  in  thick- 
ness. Elsewhere  in  the  same  paper,  however,  he  expresses  some 
doubt  as  to  the  correctness  of  this  conclusion. 

In  the  writer* s  studies  of  the  Lafayette  from  Maryland  southward 
across  the  intervening  States  into  Georgia,  thence  westward  at  inter- 
vals into  Tennessee,  and  thence  northward  in  more  detail  into  Illi- 
nois, he  has  never  found  it  to  contain  clay  lenses  with  plant  impres- 
sions, nor  indeed  any  fossils,  except  those  of  other  ages  mechanicaUv 
introduced  into  it.  The  Lafayette  proper  should  doubtless  be  lim- 
ited, as  Ililgard  and  others  limit  it  in  northern  Mississippi,  to  the 
uppermost  of  McGee's  three  divisions,  and  his  lower  divisions  recog- 
nized as  belonging  to  some  older  formation,  which  in  the  section 
given  above  is  the  Lagrange.     Further  remarks  concerning  the  lim- 

oMcGeo,  W  J,  The  Lafayette  lormation:  Twelfth  Ann.  Rept.  U.  S.  Qeol.  Survey,  pt.  1, 1891,  p.  *j2. 
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itations  of  the  Lafayette  are  given  under  the  head  of  that  formation 
(p.  .42),  and  under  the  Columbia  (p.  46)  reference  is  made  to  the  soil 
layer  and  overlying  sands  seen  in  the  Lagrange  section. 

Good  exposures  of  these  Lagrange  sands  and  clays  may  be  seen  at 
many  other  points.  The  clay  pits  and  ravines  near  Grand  Junction, 
Pinson,  and  Paris,  Tenn.,  and  Boaz  and  Mayfield,  Ky.,  afford  good 
opportunities  for  examining  them.  Exposures  of  a  few  feet  are  found 
at  numerous  places  near  Wickliffe,  Ky.,  and  an  excellent  section  of 
80  to  90  feet  is  presented  in  the  bluff  at  Columbus,  Ky.,  showing  all 
of  the  characters  of  the  typical  Lagrange. 

At  Hickman,  Ky.,  the  bluff  is  composed  almost  entirely  of  fine- 
grained, jointed,  blue  to  leaden-gray  siliceous  clay  that  extends  from 
30  feet  above  ordinary  water  level  in  the  Mississippi  upward  75  feet 
and  is  overlain  by  10  feet  of  Lafayette  gravel,  and  that  by  65  feet  of 
loess.  This  leaden-gray  clay  contains  numerous  small  calcareous 
concretions,  but  no  fossils  of  any  kind  were  found  in  it.  Beneath  it 
and  extending  down  to  and  below  water  level  are  30  feet  of  soft 
sandy  clay,  containing  much  disseminated  vegetable  matter  and 
identifiable  leaf  impressions.  A  collection  of  these  leaves  was  made 
and  sent  to  F.  H.  Knowlton,  whose  determinations  are  given  on 
page  38. 

The  75  feet  of  leaden-gray  clay  in  the  Hickman  bluff  differ  litho- 
logically  very  markedly  from  the  usual  type  of  Lagrange  sediments. 
The  underlying  30  feet  are  more  nearly  like  the  material  commonly 
seen  in  the  Lagrange  in  this  vicinity,  as,  for  instance,  in  the  lower 
part  of  the  Illinois  Central  Railroad  cut  at  Curve,  Tenn.,  a  section  of 
which  is  given  under  the  Columbia  (pp.  44,  93),  and  in  the  lower  part 
of  the  section  at  Randolph,  Tenn. 

Age. — Nowhere  in  the  region  under  discussion  have  marine  fossils 
been  found  in  the  Lagrange.  At  various  places,  however,  the  abun- 
dant plant  remains  found  often  so  beautifully  preserved  in  the  clays 
of  the  formation  have  been  collected  and  studied  by  paleobotanists, 
and  paleontologic  evidence  as  to  the  age  of  the  formation  is  limited 
to  the  results  obtained  from  such  study.  The  writer  made  collec- 
tions from  four  localities  while  in  the  field.  One  of  these  was  from 
a  clay  lens  in  the  lower  part  of  the  bluff  at  Columbus,  Ky.  The  sec- 
ond was  from  the  30  feet  of  sandy  clay  just  above  water  level  in  the 
bluff  at  Hickman,  Ky.  The  third  was  from  a  light-colored  indurated 
clay  found  in  the  south  bank  of  the  small  stream  in  the  southern 
edge  of  Wickliffe,  Ky.  This  spot  is  the  one  from  which  a  collection 
was  made  for  the  Kentucky  Geological  Survey  and  pronounced  by 
Lesquereux  to  belong  to  the  Lignitic.^  The  fourth  locality  is  a 
southward  sloping  hillside  on  the  road  about  halfway  between  La- 
grange and  Grand  Junction,  Tenn.,  where  leaf -bearing  clays  are  well 

a  Loughridge,  R.  H.,  Jackson  Purchase  Region,  1888,  p.  198. 
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exposed  in  numerous  recently  cut  gullies.     These  collections  were 
sent  to  F.  H.  Knowlton,  whose  report  on  them  is  as  follows: 

The  present  collection  consists  of  a  large  number  of  leaves  very  beautifully  preserved, 
for  the  most  part  in  fine-grained  plastic  clay,  occasionally  in  a  more  sandy  clay.  The  col- 
lection has  been  very  carefully  made,  andXbe  collector  is  to  be  congratulated  on  the  highly 
satisfactory  manner  in  which  it  comes  to  hand  for  study. 

Fossil  plants  from  this  general  region  have  long  been  known,  the  first  collection  to  which 
scientific  attention  was  directed  being  apparently  that  described  by  Lesquereux  frorn  near 
Somerville,  Fayette  County,  Tenn.,  obtained  by  J.  M.  Safford,  and  from  the  banks  of 
Mississippi  River  near  Columbus,  Ky.,  collected  by  Owen  and  Lesquereux.^  The  species, 
of  which  several  were  described  as  n6w,  were  not  figured  in  Lesquereux 's  paper,  but  len 
yeai's  later  (1869)  were  incorporated  by  Safford  into  his  Geology  of  Tennessee  b  and  a  sin- 
gle plate  devoted  to  them.  Not  all  the  new  species  were  figured  even  at  this  time,  but  in 
working  up  a  collection  of  plants  from  the  Tertiary  of  Mississippi  Lesquereux  took  occasion 
to  describe  and  figure  several  species  from  Lagrange,  Tenn.,  which  were  regarded  as  of  the 
same  age  as  those  from  Mississippi. <^  Nearly  twenty  years  later  two  small  collections  made 
in  the  interest  of  the  Kentucky  Geological  Survey  were  described  by  Lesquereux.c'  One 
of  these  was  from  Boaz  station.  Graves  County,  Ky.,  and  the  other  from  Wickliffe,  Bal- 
lard County,  Ky.    Kemarks  on  the  age  of  the  beds  at  these  localities  will  be  made  later. 

The  present  collection  embraces  fossils  from  four  localities,  as  follows: 

1.  Columbus,  Ky.  This  materia],  a  whit-e  sandj'  clay,  contains  two  species  of  Quercm 
and  apparently  a  single  species  of  Salix,  none  of  them,  so  far  as  I  can  make  out,  beinc; 
identical  with  the  forms  mentioned  by  Lesquereux  from  this  locality.  Probably  a  more 
extended  search  among  living  species  would  show  affinities  with  these,  but  this  I  have  not 
been  able  to  give  at  this  time. 

2.  Hickman,  Ky.  This  is  also  a  sandy  clay,  and  embraces  three  forms— a  single  leaf 
each  of  a  Salhf  and  Menisp&rmum  canadense  L.  and  the  balance  a  compound  leaf  of  what 
appears  to  be  Tecoma  radicans  L.,  or  something  near  it. 

3.  Wickliffe,  Ky.    The  largest  and  best  lot,  affording  the  following  forms: 

Salix  angusta  Al.  Br.  Quercus  n.  sp.? 

Salix  sp.  Myrica  oopeana  Lesq. 

Quercus  saffordi  Lesq.  Eucalyptus  n.  sp. 

Quercus  neriifolia  Al.  Br.  Sapindus  angustifolius  Lesq. 

Quercus  moorii  Lesq.  Sapindus  dubius  ?  Unger. 

4.  Near  Grand  Junction,  Tenn.  The  same  kind  of  material  as  the  last,  containing  the 
following: 

Monocotyledonous  plant  (fragments).  Sapindus  sp. 

Salix  angusta  Al.  Br.  Cinnamomum?  sp.? 

Quercus  (2  species).  Ceanothus  meigsii  Lesq. 

Juglans  saffordiana?  Lesq.  Acacia  sp.  (nov.?). 
Sapindus  angustifolius?  Jjesq. 

In  Lesqucreux's  original  publication  the  beds  at  Somerville  and  Columbus  were  referred 
to  the  Pliocene,  as  was  that  at  Boaz  station,  but  later  he  regarded  the  deposits  at  Somer- 
ville as  "most  intimately  related  to  the  Miocene  of  Europe."  Safford  in  his  Geology  of 
Tennessee  inclined  to  the  opinion  that  the  Orange  sand,  which  included  the  Somerville  bed, 
should  probably  be  regarded  as  Eocene,  and  apparently  Lesquereux  accepted  this  deter- 
mination, for  in  his  report  on  the  Mississippi  plants  he  referred  them  to  the  so-called 
Eo-Lignitic.    The  Wickliffe  deposit  was  referred  by  Ijesquereux  directly  to  the  lower  Eocene. 

Coming  to  the  present  collections,  I  see  no  reason  to  question  the  correctness  of  referring 
the  Columbus  fossils  to  the  Pliocene,  although  I  have  not  been  able  to  identify  any  of  the 


a  Am.  Jour.  Sci.,  2d  ser.,  vol.  27,  1859,  pp.  363-366. 

bOp.  cit.,  pp.  425-428,  PI.  K. 

c Trans.  Am.  PWlos.  Soc.,  vol.  18,  1869,  pp.  411-530,  Pis.  XIV-XXII. 
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forms  present  with  those  mentioned  by  Lesquereux.  The  apparent  preponderance  of 
living  species  would  make  it  unlikely  that  the  age  should  be  older  than  Pliocene.  The 
plants  from  Hickman,  Ky.,  although  not  identical  with  those  from  Columbus,  are  so 
modern  in  appearance  that  I  regard  them  as  Pliocene  in  age. 

The  plants  from  Wickliffe  and  near  Grand  Junction  are  similar  in  appearance  and  I 
regai'd  them  as  of  the  same  age,  but  their  exact  position  is  at  present  a  little  uncertain 
in  my  mind.  That  they  are  of  the  same  age  as  those  from  Mississippi  is  hardly  to  be 
questioned,  and  I  suppose  they  are  to  be  regarded  as  "  Eo-Lignitic "  or  Eocene,  but  they 
ai-e  so  well  preserved  and  in  general  so  modern'  in  appearance  that  I  can  not  rid  myself 
of  the  notion  that  they  should  be  placed  in  the  Miocene.  However,  I  have  not  seen  any 
of  the  field  relations  and  so  can  not  well  define  this  impression.  They  are  the  same  forms 
a3  those  from  Mississippi  and  belong  to  what  has  been  called  Orange  sand  or  Eo-Lignitic, 
but  they  seem  quite  unlike  other  Eocene  floras  with  which  I  am  familiar. 

There  would  seem  to  be  no  question  that  the  bed  near  Grand 
Junction,  the  more  eastern  locaUty  from  which  collections  were 
made  in  Tennessee,  and  that  at  Wickliffe,  the  more  northern  one  in 
Kentucky,  each  representing  deposits  that  are  typical  of  the  Lagrange, 
are  of  the  same  age  as  those  carrying  the  fossils  described  from 
Mississippi.  These  are  generally  regarded  as  belonging  to  the 
''lignitic"  and  are  consequently  of  Eocene  age. 

The  beds  at  Columbus  and  Hickman  are  undoubtedly  in  the 
upper  part  of  the  Lagrange  formation  as  defined  here.  Whether 
they  are  both  of  the  same  age,  and  also  whether  they  may  be  cor- 
related with  the  clays  just  beneath  the  Lafayette  at  Memphis  or 
are  older  or  younger,  can  not  be  determined  from  the  data  at  hand. 
Liithologically  the  Columbus  beds  are  not  distinguishable  from 
other  exposures  of  typical  Lagrange  dept)sits,  but  they  differ  in 
appearance  from  the  beds  at  Hickman,  and  if  the  two  are  of  different 
age  the  Columbus  beds  are  probably  slightly  older. 

Loughridge"  thought  the  Hickman  beds  to  be  the  oldest  Eocene 
deposits  in  Kentucky  and  placed  them  provisionally  as  a  distinct 
group — the  Hickman — beneath  the  Porters  Creek,  though  he  recog- 
nized and  stated  that  their  exact  position  with  reference  to  the 
other  divisions  of  the  Eocene  had  not  been  positively  ascertained. 
From  a  study  of  their  field  relations  and  of  well  sections  made  since 
Loughridge's  work  was  done  there  can  be  no  doubt  that  the  Hickman 
beds  are  younger  than  the  main  body  of  the  Lagrange,  and  are  among 
the  youngest  of  the  pre-Lafayette  deposits  of  the  region. 

The  question  then  arises  whether  they  are  of  the  same  age  as 
the  rest  of  the  Lagrange  beneath,  or  whether  there  is  an  unconformity 
in  the  Lagrange  as  here  defined  and  the  upper  part  should  be  sepa- 
rated and  regarded  as  of  distinctly  later  age.  There  is  not  at  present 
sufficient  stratigraphic  evidence  for  such  a  separation,  but  the. 
character  of  the  plants  would  seem  to  favor  it  and  it  may  be  estab- 
lished by  more  detailed  stratigraphic  work  and  additional  con- 
firmatory paleobotanical  evidence,  so  that  the  Hickman  deposits 

a  Loughridge,  R.  II.,  Jackson  Purchase  Region,  1888,  p.  37. 
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and  other  bedjs  similarly  situated  along  the  Mississippi  bluff,  including 
perhaps  the  200  feet  of  clay  at  Memphis,  would  be  assigned  to  the 
Miocene  or  Pliocene. 

Following  the  example  of  Safford  in  recording  his  beUef  as  to  the 
age  of  the  leaf  beds  near  Lagrange,®  and  that  of  Knowlton  in  the 
report  given  on  pages  38-39,  in  speaking  of  the  age  of  the  Wickliffe 
and  Grand  Junction  beds,  the  writer  can  not  refrain  from  also 
recording  his  impression  that  these  upper  Lagrange  beds  are  not  of 
PUocene  age  but  belong  to  the  Lignitic,  and  so  are  Eocene,  though 
he  recognizes  that  this  is  but  an  impression  gained  during  field  studies 
and  that  the  evidence  of  the  plants  would  seem  to  be  against  it. 
Until  conclusive  evidence  is  obtained  for  one  view  or  the  other  it 
seems  best  to  include  the  deposits  in  question  in  the  Lagrange. 

Nomenclature, — The  terms  Orange  sand  and  Lagrange  have  both 
been  applied  by  Safford  to  these  deposits.  So  much  confusion  has 
arisen  from  the  different  usages  of  the  term  Orange  sand  by  different 
geologists  that  by  common  consent  it  has  been  discarded.'' 

Thickness, — In  the  deep  well  at  Memphis  the  Lagrange  is  963 
feet  thick.  The  well  at  Dyersburg  penetrated  678  feet  of  it  and  one 
at  Hickman  750  feet  without  in  either  case  reaching  its  base.  In 
the  Jackson  well,  near  the  eastern  edge  of  the  formation,  its  base  was 
reached  at  a  depth  of  160  feet.  At  WickUffe  it  is  430  feet  thick  and 
at  Cairo  325  feet.  The  base  of  the  formation  dips  from  the  margin 
of  the  deposit  toward  the  center  of  the  basin  at  from  22  to  27  feet 
per  mile.  ^         

PLIOOEVB  BEEDES. 
LAPATETrB  POBMATION. 

Extent, — Over  all  the  above-described  formations  of  the  embay- 
ment  region,  and  extending  for  miles  farther  eastward  over  the 
adjoining  Paleozoic  rocks,  there  is  a  thin  blanket  of  sand  and  gravel 
that  averages  not  over  20  feet  in  thickness,  but  may  in  places 
thicken  to  40  feet  or  more. 

This  blanket  is  unbroken  over  much  of  the  area,  especially  in  the 
more  level  region  away  from  the  streams.  The  main  streams  have 
generally  cut  through  and  removed  it,  but  in  ascending  the  sides 
of  their  valleys  one  usually  crosses  the  outcrop  of  the  Lafayette 
before  reaching  the  general  upland  surface. 

In  certain  areas,  however,  it  has  been  largely  removed  by  erosion. 
Such  areas  are  generally  those  containing  the  outcrop  of  one  of  the 
relatively  impervious  clay  formations  already  described,  such  as 
the  Selma  clay  or  the  Porters  Creek,  while  the  more  pervious  sandy 
formations    on   either   side    retain    their   Lafayette    capping,    only 

a  Safford,  J.  M.,  Geology  of  Tennessee,  18G9,  p.  426. 
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slightly  affected  by  erosion.  An  explanation  of  this  selective  removal 
lias  already  been  given  (p.  17). 

In  Illinois  the  Lafayette  is  revealed  beneath  the  loess  in  the 
deeper  ravines  and  road  and  railway  cuts  and  in  the  upland  portions 
of  Massac  and  Pulaski  counties.  Round  Knob,  5J  miles  north  of 
Metropolis,  in  sees.  11  and  12,  T.  15  S.,  R.  4  E.,  is  capped  by  Lafayette 
ironstone  conglomerate,  4  or  5  feet  being  visible.  The  deeper  cuts 
on  the  Big  Four  Railroad  near  New  Grand  Chain  station  show 
Lafayette  gravel  under  the  loess,  and  the  highways  at  intervals  cut 
into  it.  The  cut  on  the  Illinois  Central  Railroad  in  the  southern 
edge  of  Villa  Ridge  shows,  beneath  15  to  20  feet  of  loess,  15  feet  of 
Lafayette  gravel  resting  on  sands  that  may  be  of  Cretaceous  age. 
No  effort  was  made  to  trace  the  Lafayette  to  the  north  beyond  the 
edge  of  the  embayment  deposit,  so  that  its  northward  extent  in 
Illinois,  just  as  its  eastward  extent  in  Tennessee,  was  not  determined. 

It  has  not  been  possible  in  the  time  devoted  to  this  work  to  attempt 
to  discriminate  in  detail  the  areas  in  which  the  formation  is  mainly 
absent  from  those  in  which  it  is  present.  Even  in  areas  where  it  is 
predominantly  absent  small  scattered  remnants  of  it  are  often  found. 
On  the  geologic  map  (PI.  I,  p.  26)  it  is  represented  as  a  surficial 
deposit  covering  the  entire  area. 

Character. — The  sand  which  makes  the  larger  part  of  the  forma- 
tion is  usually  orange  or  brick  red  in  color  and  is  often  case-hardened 
and  massive.  Locally  it  is  cemented  by  ferruginous  matter  into  a 
firm  red  or  rusty-brown  sandstone  and,  instead  of  being  massive  and 
structureless,  is  distinctly  stratified  or  cross-bedded. 

The  sands  are  often  accompanied  by  gravels,  which  usually  form 
the  basal  part  of  the  formation,  though  locally  they  may  occur  in 
any  part  of  the  sand  as  narrow  bands  or  be  scattered  irregularly 
through  it.  These  gravels  are  especially  prominent  near  Tennessee, 
Ohio,  and  Mississippi  rivers.  At  many  places  along  or  near  these 
streams  the  formation  consists  solely  of  a  thick  gravel  bed.  A"way 
from  these  streams,  as  a  rule,  the  amount  of  gravel  is  much  less  and 
the  average  size  is  smaller,  showing  very  plainly  that  the  streams 
have  had  an  important  influence  in  determining  the  distribution 
of  the  gravel. 

The  gravel  phase  is  somewhat  prominent  in  the  region  just  west 
of  Tennessee  River,  though  there  is  apparently  a  decrease  in  the 
average  size  of  the  gravel  as  one  goes  downstream.  The  gravel 
in  the  Lafayette  of  Hardin  County,  Tenn.,  for  instance,  is  coarser 
than  that  in  Calloway  County,  Ky.  The  gravel  pit  on  the  Shiloh 
National  Park  road  just  south  of  Snake  Creek  shows  15  feet  of  well- 
rounded  gravel  that  averages  from  1  inch  to  2  inches  in  diameter, 
though  much  of  it  is  3  inches  and  an  occasional  piece  reaches  12 
inches.     Most  of  this  deposit  is  chert  stained  yellow  by  iron,  but 
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there  are  some  pieces  of  sandstone,  quartzite,  and  vein  quartz,  and 
a  piece  of  dark-purplish  porphyry  containing  red  jasper  was  seen. 

At  Memphis  the  gravel  is  well  rounded  and  almost  entirely  of 
chert.  The  thickness  of  the  bed  varies  from  a  feather  edge  up  to 
45  or  50  feet.  At  Columbus,  Ky.,  the  Lafayette  is  45  feet  thick, 
the  lower  20  feet  consisting  of  yellow  chert  gravel  with  average 
maximum  diameters  of  1  inch  to  1 J  inches,  but  with  a  4-inch  layer 
of  3  to  4  inch  pebbles.  The  upper  15  feet  consist  of  a  clayey  sand 
at  the  base,  grading  into  a  gravel  bed  in  the  upper  part.  A  few  of 
the  smaller  and  best  rounded  pebbles  are  of  vein  quartz,  but  a  very 
careful  search  here  and  at  other  places  along  the  Mississippi  failed 
to  reveal  any  pebbles  of  granitic  or  other  crystalline  rocks  that 
might  have  had  a  northern  origin. 

Where  the  Lafayette  contains  an  abundance  of  gravel  tlie  line 
of  unconformity  at  its  base  is  easily  recognized,  but  where  gravel 
is  absent  and  the  formation  consists  of  materials  very  similar  to 
those  of  the  underlying  beds  and  probably  formed  from  them  by  a 
slight  reworking  it  becomes  a  matter  often  of  much  diflSculty  to 
determine  the  contact. 

While  variations  of  material  occur  in  the  Lafayette,  not  only  in 
different  sections  but  even  in  the  same  section,  the  formation  can 
not  be  divided,  at  least  in  the  area  under  consideration,  into  two  or 
more  members,  but  must  be  regarded  as  a  unit  one  of  whose  prom- 
inent characteristics  is  its  variability.  Its  composition  at  any  one 
place  is  at  once  a  result  and  an  index  of  the  underlying  materials 
from  which  it  has  principally  been  derived,  the  greatest  exception 
to  this  rule  being  in  those  areas  where  the  larger  streams  have  added 
to  it  their  tribute  of  foreign  gravel. 

Thickness, — It  has  already  been  stated  in  the  discussion  of  the 
Lagrange  section  (p.  36)  that  of  McGee's  three  divisions  of  the 
Lafayette  only  the  uppermost  is  really  Lafayette,  while  the  lower 
two  are  Lagrange.  Nowhere  in  the  region  is  there  evidence  that 
the  Lafayette  reaches  any  notable  thickness.  If  it  is  anywhere  50 
feet  thick  it  is  exceptional,  while  half  this  amount,  or  even  less, 
would  be  nearer  the  average. 

The  Lafayette  usually  contains  an  abundance  of  ferruginous  matter, 
which  gives  it  the  deep-red  color  so  characteristic  of  the  formation 
and  which  in  many  places  has  cemented  the  gravels  into  an  ironstone 
conglomerate  that,  where  erosion  has  been  especially  vigorous,  may 
be  seen  in  remnants  capping  the  hills,  while  blocks  from  the  under- 
mined portions  strew  their  sides.  In  some  places  the  sands  are  simi- 
larly cemented  into  a  red  sandstone.  Where  the  gravel  is  loose,  as 
is  more  commonly  the  case,  the  ferruginous  matter  is  usually  present 
in  large  quantities  and  makes  the  Lafayette  gravel  a  most  excellent 
road-building  material  by  binding  it  together,  so  that  it  soon  packs 
into  a  firm,  hard  road.     Often  a  thin  shell  or  plate  of  ironstone  makes 
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tlie  very  base  of  the  Lafayette,  and  in  some  cases  is  thick  enough  to 
prevent  the  downward  passage  of  percolating  waters  and  thus  form 
a.  local  impervious  stratum  above  which  the  sands  may  be  saturated 
Aivith  water,  while  the  underlying  sands  may  be  practically  d^3^ 

Ironstone  congUyinerate. — From  inequalities  of  elevation  of  the  basal 
impervious  layer  the  water  above  it  may  be  in  small  ba^ns  separated 
by  areas  where  wells  would  fail  to  find  water  and  two  neighboring 
basins  might  not  have  water  at  the  same  level.  If  the  impervious 
bottom  of  one  of  these  be  dug  through,  the  water  in  it  at  once  drains 
downward  into  the  dry  sand  below.  These  relationships  are  shown 
g:raphically  in  fig.  5. 

Section  at  Ripley j  Tenn, — In  the  center  of  the  deep  railway  cut  at 
Tlipley,  Tenn.  (PI.  Ill,  J5),  Lagrange  sands  and  clays  extend  up  25 
feet,  but  disappear  beneath  track  level  toward  each  end  of  the  cut. 
On  the  crest  of  the  hill  of 
Lagrange  material  thus 
revealed  there  are  4  or  5 
feet  of  red  case-hardened 
Lafayette  sand  that 
thickens  on  the  flanks  of 
the  hill  to  8  or  10  feet 
near  the  end  of  the  cut. 
Over  this  sand  in  the  cen- 
ter of  the  cut  are  4  feet  of 
gravel  in  soft,  loose,  light- 
colored  sand  which  grades 
up  into  a  dark-colored, 
damp,  clayey  loess  10  feet 
thick,  overlain  by  a  light- 
colored,  dryer,  more  pul- 
verulent loess  18  feet 
thick.  At  many  points  in 
the  cut  it  is  impossible  to  be  sure  of  the  existence  of  a  line  of  uncon- 
formity between  the  Lafayette  and  the  underlying  Lagrange  sands. 
The  soft  light-colored  sand  and  gravel  between  the  Lafayette  and  the 
loess  belong  to  the  Columbia  (as  does  the  loess)  and  are  referred  to 
again  in  the  discussion  of  that  formation  (pp.  44,  46). 

QUATERNARY    SYSTEM. 
PLEISTOOENE  8EEIE8. 
COLUMBIA   FORMATION. 

Three  kinds  of  deposits  in  this  region  will  be  grouped  together 
under  the  Columbia  formation.  The  first  and  oldest  is  a  loose  sand 
which  overlies  the  Lafayette  and  underlies  the  loess,  which  is  the 
.  second  of  the  deposits  here  included.  The  third  is  a  loam  that  over- 
lies the  loess  in  the  area  where  the  latter  is  found  and  extends  east  of 
that  area  for  miles  as  a  thin  mantle  spread  over  the  Lafayette. 


Fig.  5.— Diagram  showing  local  water-bearing  basins  at 
various  levels  above  dry  sand.  Well  a  obtains  water 
from  a  local  water-bearing  basin  at/.  Well  d  struck  a 
similar  but  slightly  deeper  local  basin,  but  pierced  the 
underlying  impervious  layer  and  allowed  the  basin  to 
be  drained  downward.  The  well  was  abandoned  before 
permanent  water  was  reached.  Wells  b  and  c  failed  to 
find  water  at  either  the  /  or  the  g  level;  h  was  aban- 
doned as  a  dry  hole;  c  was  continued  slightly  farther 
to  permanent  water  level.  Basins  like  g  are  sometimes 
drained  by  fissures  caused  by  earthquakes  in  this  region. 
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Sands. — At  some  places  along  the  Mississippi  bluffs  and  in  a  belt  10 
to  20  miles  wide  east  of  the  bluffs  the  loess  seems  to  rest  unconfonn- 
ably  directly  on  the  Lafayette  sands  or  gravels.  At  other  places, 
however,  there  is  a  distinctly  differentiated  bed  of  soft,  loose,  light- 
colored  sand  between  the  two.  This  sand  often  contains  rounded 
pebbles  similar  to  those  of  the  Lafayette  beneath,  from  which  they 
have  evidently  been  derived.  Like  the  sand,  which  may  also  have 
originated  from  the  Lafayette,  the  pebbles  are  usually  bleached  to  a 
light  gray.  This  difference  in  color  and  the  softness  of  the  sand 
serve  to  differentiate  the  deposit  at  once  from  the  red,  case-hardened 
Lafayette  beneath.  This  sand  may  range  in  thickness  up  usually  to 
4  or  5  and  exceptionally  to  10  or  12  feet,  and  may  attain  its  maximum 
and  disappear  again  in  100  or  200  yards. 

It  commonly  though  not  everywhere  shows  distinct  unconformity 
on  the  Lafayette  beneath  and  as  a  rule  seems  to  grade  upward  into 
the  lower,  darker  part  of  the  loess  without  any  perceptible  break. 
Where  the  sand  seems  to  be  absent,  the  lowest  part  of  the  loess  is 
usually  somewhat  sandy  and  may  contain  a  small  pebble  here  and 
there  for  several  feet  upward  from  its  base.  It  is  likely  that  in  such 
cases  the  sandy  basal  part  of  the  loess  is  the  representative  of  the 
sand  found  elsewhere. 

In  the  railway  cut  at  Ripley,  Tenn.,  a  section  of  which  is  given  on 
page  43,  the  soft  sand  and  gravel  over  the  Lafayette  is  usually  sharply 
limited  below,  but  in  a  few  places  seems  to  grade  into  the  Lafayette. 
Near  the  ends  of  the  cut  the  gravel  in  it  practically  disappears. 
Another  excellent  exposure  of  this  sand  is  found  some  miles  north  of 
Ripley  in  the  deep  railway  cut  at  Curve,  Tenn.,  where  the  Lafayette 
is  overlain  by  a  soft,  light-colored,  loose  sand  with  gravel  that  varies 
from  a  knife-edge  to  3  feet  in  thickness  and  grades  up  into  a  dark 
silty  loess.     A  view  of  this  cut  is  given  in  PI.  IV,  A. 

It  seems  very  probable  that  this  bed  of  soft  sand  and  gravel  is  not 
confined  to  the  narrow  belt  in  which  the  loess  occurs,  but  extends 
eastward  over  much  of  the  region  in  which  later  deposits  overlie  the 
Lafayette,  as  the  section  at  Mayfield  (p.  135)  shows  the  presence  of 
such  a  layer  between  the  Lafayette  gravel  and  the  surface  loam,  and 
similar  conditions  were  seen  at  other  places.  In  many  exposures, 
however,  such  differentiation  of  the  material  over  the  Lafayette  in 
the  middle  and  eastern  parts  of  the  area  can  not  be  satisfactorily 
made.  Either  this  basal  sand  and  gravel  phase  of  the  Columbia 
disappears  in  places,  or,  as  is  thought  more  probable,  it  merges  by 
change  of  material  into  the  loamy  phase,  so  that  where  the  two  are 
found  together  because  of  the  absence  of  the  loess  which  separates 
them  along  the  Mississippi  bluffs  they  are  blended  into  a  unit. 

Loess. — This  member  extends  eastward  20  to  30  miles  from  the 
edge  of  the  bluffs  overlooking  the  Mississippi  bottoms.     In  the  bluifs 
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A.     CUT  AT  CURVE.  TENN. 
Showing  at  "a"  local  ironstone  hardpan  at  base  of  Lafayette,  resting  on  Lagrange. 


B.     LOESS  BLUFF  AT  MEMPHIS.  TENN. 
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it  is  usually  between  50  and  75  *feet  thick,  but  locally  exceeds  or  falls 
short  of  those  figures.  It  is  reported  to  reach  a  thickness  of  200  feet 
in  places  in  western  Tennessee,  but  the  writer  has  never  seen  it  quite 
as  much  as  100  feet  thick.  From  its  maximum  thickness  along  the 
Mississippi  bluffs,  as  given  above,  the  loess  thins  eastward  to  a 
feather-edge  before  it  disappears.  This  thinning  renders  it  difficult 
to  fix  any  but  a  somewhat  arbitrary  line  to  mark  its  eastern  edge, 
and  the  difficulty  is  enhanced  by  the  fact  that  in  some-  sections, 
instead  of  thinning  out,  it  appears  to  grade  over  into  the  loamy  phase 
of  the  Columbia. 

As  seen  in  a  number  of  excellent  sections,  the  loess  is  composed  of 
a  lower  dark  part  and  an  upper  lighter  one.  The  lower  part  seems 
to  be  denser  or  less  porous  than  the  upper.  It  contains  more  clay 
and  will  remain  damp  longer.  The  clay  is  so  abundant  in  many  secr- 
tions  that  the  material  is  easily  plastic  when  damp,  and  on  drying  it 
shows  in  places  a  tendency  to  shrink  and  crack  open.  More  usually, 
however,  this  lower  part  presents  when  dry  the  same  i:,'enera'  appear- 
ance as  the  upper  part,  except  that  it  preserves  the  darker  color. 
In  weathering  the  lower  part  disintegrates  and  wears  back  less 
rapidly  than  the  upper  part,  so  that  in  places  a  shoulder  or  change 
of  slope  is  developed  where  the  two  divisions  meet.  This  was  well 
shown  in  the  deep  railway  cut  at  Ripley,  Tenn.,  before  the-  recent 
widening  was  done  in  double  tracking  the  line.  The  darker,  more 
silty  portion  of  the  loess,  which  seems  to  grade  down  into  the  sand 
and  clay  member,  as  already  mentioned,  is  quite  distinct  from  the 
upper  part.  The  same  distinction  is  to  be  seen  in  the  cut  at  Curve, 
Tenn.  At  Memphis  (PI.  IV,  jB),  Randolph,  and  elsewhere  the  same 
bipartite  character  is  shown  by  the  loess.  The  upper  part  is  the 
typical  porous,  open-textured,  light,  ashen-colored  loess.  In  it  and 
the  lower,  darker  portion  alike  are  found  the  usual  calcareous  con- 
cretions, small,  irregular  in  their  distribution,  and  many  of  them 
curiously  shaped. 

In  each  case  observed  the  lower  portion  is  thinner  than  the  upper 
and  the  line  between  the  two  is  horizontal  and  distinct.  It  may  be 
questioned,  however,  whether  this  line  represents  a  rapid  transition 
without  interruption  in  the  deposition  of  the  loess  or,  as  is  claimed 
by  some,  is  indicative  of  an  actual  break  in  the  process  and  represents 
a  time  interval  between  two  periods  of  loess  formation.  Without 
wishing  to  express  a  decided  opinion  on  the  subject  until  he  has  had 
opportunity  for  further  and  more  detailed  study,  the  writer  is  inclined 
to  the  former  view  and  would  provisionally  regard  the  loess  in  the 
area  here  considered  as  the  product  of  one  period  of  deposition  rather 
than  two. 

Over  much  of  the  first  tier  of  counties  east  of  Mississippi  River  in 
Tennessee  and  Kentucky  the  loess  averages  30  feet  in  thickness.     It 
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accordingly  conceals  the  Lafayette  fexcept  in  an  occasional  stream 
cutting.  In  southern  Illinois  practically  all  of  the  upland  area  in 
which  embayment  deposits  occur  is  overspread  with  a  sheet  of  loess, 
usually  a  score  or  more  feet  in  thickness. 

The  exact  mode  of  formation  of  loess  deposits  has  been  a  matter 
of  much  discussion  and  difference  of  opinion,  but  all  are  agreed  that 
the  material  of  the  loess  is  the  finely  ground  rock  flour  resulting  from 
glacial  erosion.  The  loess  of  the  Mississippi  Valley  owes  its  origin  h> 
the  great  ice  sheet  that  covered  all  of  the  northern  part  of  the  valley 
and  extended  in  southern  Illinois  to  within  20  miles  of  the  head  of 
the  embayment  deposits.  There  are  differences  of  opinion,  however, 
in  regard  to  the  manner  of  deposition  of  the  material.  Some  insist 
that  it  has  been  transported  and  deposited  by  the  wind.  Othen; 
believe  it  has  been  transported  by  streams  and  deposited  in  water 
either  on  a  flood  plain  or  in  the  bottom  of  a  lake— that  it  is  fluviatile 
or  lacustrine  instead  of  eolian. 

Without  entering  into  a  detailed  discussion  of  the  evidence  for  the 
conclusion  here  stated,  the  writer  may  state  his  belief  that  the  loess 
of  the  region  under  consideration  is  of  fluviatile  and  not  of  eolian 
origin.  The  grading  upward  of  the  sands  aiid  gravels  into  the  loess, 
the  local  occurrence  in  the  loess  of  sandy  streaks  that  must  have  been 
water-laid,  the  bipartite  division  of  the  loess  seen  widely  o.ver  the 
region,  the  regularity  or  evenness  of  the  contact  plane  between  the 
two  parts,  and  the  absence  of  wind-deposit  structiu*e  all  give  hsLsis  for 
the  opinion  here  expressed  as  to  the  mode  of  deposition. 

Loam. — The  third  phase  of  the  Columbia  formation  in  this  region 
is  a  yellowish  or  brownish  loam  in  most  of  the  area  of  its  occurrence, 
though  in  some  places  it  becomes  a  soft  sand  with  very  little  ai^il- 
laceous  material.  This  phase  is  found  mainly  to  the  east  of  the  area 
of  the  loess  and  is  to  be  regarded  as  largely  the  equivalent  of  that 
member,  though  in  some  places  in  the  loess  area  a  few  feet  of  loam 
overlie  the  loess. 

The  loose  sand  at  the  base  of  the  Columbia  blends  with  the  overly- 
ing loam  east  of  the  loess  area  just  as  it  grades  up  into  the  loess 
where  the  latter  overlies  it.  In  some  places  the  blended  sand  and 
loam  may  be  rather  sandy,  while  in  others  they  may  grade  into  a 
clay.  The  best  example  of  the  sandy  phase  is  found  at  Lagrange, 
Tenn.,  where  the  Lafayette  is  overlain  by  a  layer  of  black  soil  a  foot 
thick,  and  that  by  15  feet  or  more  of  soft,  light-colored,  cross-bedded 
sand.  This  was  the  only  locality  in  the  entire  region  where  a  soil 
layer  was  found  between  the  Lafayette  and  the  Columbia.  A  simi- 
lar soil  layer  was  found  by  McGee  at  Holly  Springs,  Miss.**  The 
appearance  of  the  soil  layer  and  the  overlying  sand  at  Lagrange, 
considered  in  connection  with  its  peculiar  topographic  relationships, 

a  McGce,  W  J,  The  Lafayette  fonnatiou:  Twelfth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  1, 1891,  p.  460, 
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suggests  very  strongly  that  the  cross-bedded  sand  over  the  soil  may 
be  a  local  wind-made  deposit  of  recent  origin  rather  than  a  part  of 
t^lie  Columbia.  It  caps  the  southward-facing  scarp  that  overlooks 
TVolf  River.  .  The  steep  slope  down  to  the  river  is  cut  by  many  deep 
ravines  whose  bare  sides  are  of  soft,  loose  Lagrange  sand.  It  is  con- 
ceivable that  the  strong  winds  from  the  south  blowing  up  the  ravines 
might  catch  up  the  loose  sand  and  carry  it  to  the  top  of  the  scarp  in 
such  quantities  as  to  account  for  the  cross-bedded  sands  found  there 
over  the  soil  layer.  The  ascending  sand-bearing  air  current  would, 
on  reaching  the  top  of  the  scarp,  produce  an  eddy  in  which  the  sand 
^would  be  dropped,  as  is  illustrated  in  fig.  6. 

Although  the  writer  has  not  seen  the  Holly  Springs  occurrence 
referred  to  above,  yet  McGee's  statement  that  the  topographic  rela- 
tionships are  exactly  similar  to  those  at  Lagrange  is  highly  suggestive 
of  a  similar  eolian  origin  for  the  sand  there  found  over  the  soil  layer. 

The  Columbia  loam,  east  of  the  loess,  is  a  thin  veneer  derived  from 
the  Lafayette  and  resting  upon  and  partly  concealing  it.     It  is  rarely 
over  10  or  12  feet  thick  and  is  often  not  more  than  half  that  thick- 
ness.    It  thins  out  to  the  east,  ^ 
and   in  Tennessee   and   Ken- 
tucky disappears   before   the 
eastern   edge  of   the   embay- 
ment      deposits     have    been 
reached.     In  Illinois  the  loess 
makes  the  surface  of  the  up- 
lands of   the  embayment  re- 
gion,  and   the   loam    seems    to           Fio.e.-Section  showing  sand  deposited  in  c>ddy 
&         ^                                                  .                                      of  wind  ciirront  on  top  of  bluff. 

be  absent.     It  has  not  been 

found  practicable  to  represent  on  the  geologic  map  the  area  covered 
by  the  Columbia  loam.  In  a  general  way  its  eastern  edge  crosses 
eastern  Hardeman,  eastern  Madison,  western  Carroll,  and  western 
Henry  counties  in  Tennessee,  and  western  Calloway  and  western 
Marshall  counties  in  Kentucky. 

SECElVt  DEPOSITS. 

AUuvium. — Between  Mississippi  River  and  the  bluffs  that  bound 
its  valley  on  the  east  there  is  a  varying  width  of  flood  plain  composed 
of  alluvial  deposits.  At  a  few  points  in  Tennessee  and  Kentucky 
the  river  swings  against  the  bluffs  on  its  eastern  side,  but  usually 
the  alluvial  plain  is  from  2  or  3  to  8  or  10  miles  wide.  In  Illinois  the 
Mississippi  alluvial  plain  is  a  number  of  miles  wide  and  the  flood 
plain  of  the  Ohio  is  of  similar  character,  though  it  is  mostly  confined 
to  the  Kentucky  side  of  the  river.  The  main  tributaries  of  the 
Mississippi,  such  as  the  Hatchie,  the  Forked  Deer,  and  the  Obion, 
have  similar  valleys  composed  of  alluvial  deposits  and  varying  from 
I  niile  to  severJi^l  miles  in  width. 
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The  materials  composing  these  plains  are  sands  and  silts  brought 
down  by  the  rivers  and  deposited  in  time  of  flood,  thus  building  up 
flood  plains  in  the  valleys  which  the  rivers  had  previously  carved 
out  of  the  older  formations  of  the  region. 

No  extensive  study  of  the  alluvium  was  made,  for  want  of  time, 
but  where  examined  in  a  number  of  places  the  silts  seemed  all  to  be 
of  modem  origin  and  the  writer  would  assign  the  deposits  seen  at 
Memphis,  those  along  the  banks  of  the  river  from  Memphis  to  Fulton, 
Tenn.,  those  at  Hickman,  at  Columbus,  at  Wickliffe,  at  Cairo,  and 
at  Paducah  to  the  recent  period.  When  it  is  considered  how  con- 
stantly and,  as  a  rule,  how  rapidly  Mississippi  River  is  shifting  the 
position  of  its  channel  because  of  meandering,  and  when  it  is  further 
considered  not  only  how  each  meander  grows  until  the  meander  belt 
is  a  number  of  miles  wide,  but  also  how  each  meander  is  slowly 
working  downstream,  cutting  away  the  materials  before  it  while 
other  materials  are  being  deposited  behind  it,  it  may  be  concluded 
that  nowhere  near  the  river  can  any  deposit  in  the  flood  plain  remain 
long  unmoved  if  it  rises  above  the  level  to  which  the  river  can  cut — 
a  level  which  may  be  taken  as  about  100  feet  beneath  the  flood-plain 
surface.  Instances  are  innumerable  of  the  cutting  away  of  flood- 
plain  deposits  on  one  side  and  rebuilding  on  the  other  by  the  lateral 
swing  of  the  river.  It  is,  in  fact,  going  on  all  the  time,  as  the  surveys 
of  the  Mississippi  River  Commission  show.  The  entire  channel  may 
move  a  mile  or  more  by  such  cutting  in  a  few  years,  and  the  changes 
that  have  occurred  within  the  memory  of  men  yet  living  are  so  great 
that  it  is  not  improbable  that  the  river  may  have  swung  entirely 
across  its  valley  from  Crowleys  Ridge  in  Missouri  and  Arkansas  to 
the  Chickasaw  and  Columbus  bluffs  in  Tennessee  and  Kentucky  in 
2,000  to  4,000  years. 

That  these  alluvial  deposits  are  geologically  young  is  apparent 
from  another  line  of  reasoning.  They  have  been  deposited  in  a  valley 
that  is  30  miles  wide  at  Memphis  and  45  miles  wide  farther  north. 
This  valley  has  been  cut  at  least  200  to  300  feet  beneath  the  plain 
in  which  it  is  carved.  The  dissevered  portions-of  this  plain  are  seen 
to-day  in  the  flat  upland  surface  of  the  bluffs  on  the  east  and  of 
Crowleys  Ridge  on  the  west.  This  surface,  however,  is  capped 
with  the  loess  and  the  excavation  of  the  broad  valley  has  mainly 
taken  place  since  the  loess  was  deposited.  There  was  some  cutting 
away  of  the  Lafayette  along  the  main  Mississippi  River  before  the 
loess  was  deposited,  corresponding  to  the  cutting  on  the  tributaries  of 
the  Mississippi  to  form  the  second  bottoms,  where  the  Lafayette  has 
been  removed  but  the  loess  is  present ;  but  this  cutting  was  not  suf- 
ficient to  account  for  the  excavation  of  the  valley  as  we  now  find  it« 
Since  the  excavation  was  finished  some  alluvial  filling  has  occurred, 
leaving  the  level  of  the  flood  plain  as  at  present. 

From  borings  made  by  the  Mississippi  River  Conmiission  it  is 
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concluded  that  in  tlie  portion  of  its  valley  from  Cairo  to  Memphis 
the  river  has  not  cut  into  the  embayment  deposits  more  than  between 
100  and  150  feet  beneath  its  present  flood-plain  surface,  or  in  other 
words,  has  never  cut  very  much  deeper  than  its  channel  may  now 
reach  under  favorable  conditions  for  deep  scouring. 

These  alluvial  deposits  are  accordingly  believed  to  be  between  100 
and  200  feet  thick  and  of  later  age  than  the  loess;  parts  of  them,  of 
course,  are  still  forming.  Near  the  river  the  deposits  are  sands  and 
silts;  farther  away  from  the  river  they  become  gradually  finer  and 
pass  into  clays  which  are  usually  blue  or  dark  colored  from  the 
organic  matter  present. 

The  same  uplift  which  permitted  the  Mississippi  to  cut  out  so  broad 
a  valley  in  the  loess-sheeted  plain  Ukewise  permitted  its  tributaries 
to  incise  their  courses  beneath  the  uplands  and  to  broaden  their 
valleys  until  they  were  locally  5  to  10  miles  wide.  The  alluvial 
deposits  in  the  valleys  of  these  tributaries  are  like  those  of  the 
Mississippi  and  consist  of  silts  and  sands  that  usually  contain  much 
decaying  vegetable  matter.  It  is  generally  the  rule  that  since  the 
formation  of  these  alluvial  deposits  by  the  tributaries  of  the  Missis- 
sippi they  have  been  cut  into  and  another  flood  plain  has  been  formed 
10  to  15  or  occasionally  as  much  as  30  feet  lower  than  the  older  allu- 
vial surface.  This  older  surface  is  known  as  the  '*  second  bottoms," 
while  the  lower  plain  is  the  present-day  flood  plain,  large  portions  of 
which  are  swampy.  It  is  surprising  to  note  how  characteristic  a 
feature  of  the  region  these  first  and  second  bottoms  are.  They  are 
found  even  along  the  smaller  headwater  streams  in  many  places. 
The  present  flood  plain,  or  first  bottom,  is  usually  much  narrower 
than  the  second  bottom. 

The  writer  has  been  thus  expUcit  in  giving  his  conception  of  the 
very  recent  age  of  the  alluvial  deposits  of  the  Mississippi  in  this 
region  because  various  authors"  have  correlated  parts,  at  least,  of 
these  deposits,  from  Memphis  up  as  far,  in  one  case,  as  Paducah,  Ky., 
with  the  Port  Hudson  deposits  of  Mississippi.  The  stratigraphic 
position  of  the  Port  Hudson  clay  is  between  the  Lafayette  gravels 
beneath  and  the  loess  above.  Since  the  valley  in  the  region  here 
considered  was  not  excavated  until  after  the  loess  had  been  deposited 
the  clays  found  in  this  valley,  at  least  from  Memphis  up,  can  not  be 
older  than  the  loess  and  so  can  not  be  of  Port  Hudson  age. 

The  lithologic  similarity  of  the  Port  Hudson  clay  and  certain  blue 
clays  found  in  this  region,  notably  about  New  Madrid,  Mo.,  is  only 
what  might  be  expected.  Both  were  formed  by  the  same  agency. 
Similar  materials  under  these  circumstances  should  form  similar 
deposits  whether  they  be  of  Port  Hudson  or  of  younger  age. 

oSee  McQee,  W  J,  The  Lafayette  formation:  Twelfth  Ann.  Rept.  U.  8.  Gool.  Survey,  pt.  1,  1801,  p. 
400;  Lous^ridge,  R.  H.,  Jackson  Purchase  Region,  1888,  p.  74;  Shepard,  £.  M.,  The  New  Madrid  earth- 
quake: Jour.  Geol.,  1903,  p.  48. 
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In  discussing  artesian  conditions  in  the  region  and  in  describing 
the  area  of  outcrop  and  dip  of  the  various  formations,  much  has 
already  been  said  concerning  the  structure  of  the  embayment  depos- 
.  its.  Only  a  brief  recapitulation  is  necessary  here.  It  has  already 
been  stated  that  these  deposits  lie  in  the  eastern  half  of  a  broad  basin 
projecting  northward  from  the  Gulf  region  and  ending  in  southern 
Illinois.  On  the  floor  of  this  basin  the  formations  described  in  pre- 
vious pages  were  laid  down  in  succession  in  broad  sheets  one  aboTe 
another.  The  eastern  edge  of  each  formation  in  Tennessee  and  Ken- 
tucky usually  does  not  overlap  the  edge  of  the  formation  beneath, 
but  permits  its  exposure  in  an  outcrop  of  varying  vridth  which  extends 
northward  across  these  two  States.  At  the  north  end  of  the  trough 
in  southern  Illinois  the  formations  rise  to  the  surface  like  the  tip  of  a 
spoon.  The  western  half  of  the  basin  lies  in  southwestern  Missouri 
and  eastern  Arkansas. 

It  does  not  seem  probable  that  the  floor  of  this  basin  slopes  at  all 
uniformly  from  its  outcropping  edges  to  a  deepest  central  line,  but 
rttther  that  the  slope  is  relatively  rapid  near  the  sides  of  the  trough 
and  decreases  farther  out  in  it,  or  that  a  cross  section  of  the  trough 
is  broadly  U-shaped  rather  than  broadly  V-shaped.  If  so,  as  each 
of  the  formations  that. fill  the  trough  is  probably  nearly  uniform  in 
its  thickness,  the  dips  are  steeper  near  the  margins  of  the  trough  than 
well  out  within  it.  Ascertained  dips  for  short  distances  near  the 
margins  are  about  30  feet  per  mile,  while  some  of  the  data  report^ 
for  southern  Illinois  would,  if  correct,  indicate  southward  dips  there 
of  about  50  feet  per  mile.  Well  within  the  basin  westward  dips  of 
22  feet  per  mile  are  found. 

There  are  no  indications  of  any  folding  of  the  rocks  of  the  embar- 
ment,  but  in  the  Porters  Creek  formation  there  has  been  in  many 
places  a  sUght  faulting  accompanying  the  earthquake  disturbances 
that  have  caused  the  formation  of  the  sandstone  dikes  described  on 
page  30.  In  the  Reelfoot  Lake  region  the  Lagrange  sands  were 
fissured  and  in  places  slightly  faulted  by  the  New  Madrid  earthquake 
of  1811-12.  The  vertical  displacement  seems,  however,  in  no  case 
to  have  exceeded  a  few  feet.  This  faulting  in  the  Porters  Creek  and 
the  Lagrange  has  not  materially  affected  the  water-supply  problems 
of  the  region  here  discussed.  There'seems  to  be  no  evidence,  in  this 
region,  at  least,  that  the  artesian  pressure  has  been  decreased  because 
the  earthquake  fissures  provided  channels  for  the  water  to  escape. 
The  approximate  elevation  to  which  artesian  waters  rise  in  various 
parts  of  the  region  is  given  for  a  number  of  places  on  page  160  and 
graphically  represented  in  fig.  13.     From  this  it  is  readily  seen  that 
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Dyersburg  and  Union  City,  Tenn.,  and  Hickman,  Ky.,  the  nearest 
localities  given  to  the  earthquake  center,  do  not  show  any  abnormal 
depression  of  hydrostatic  level  when 
compared  with  other  places  near  by. 
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BENTON  COUNTY. 

Topograjphy. — Benton  is  a  long, 
narrow,  county,  lying  just  west  of 
Tennessee  River  and  extending  north 
and  south  along  the  river  for  a  dis- 
tance of  40  miles.  Its  north  end, 
which  almost  reaches  the  Kentucky 
line,  is  formed  by  the  junction  of  Big 
Sandy  and  Tennessee  rivers.  The 
Bij2:  Sandy,  which  flows  northward 
almost  parallel  to  the  Tennessee, 
forms  its  northern  and  about  half  of 
its  w^estern  boundary.  The  area  of 
the  county,  as  given  by  the  Twelfth 
Census  (1900),  is  430  square  miles. 
The  surface  is  best  described  as  being 
rolling  to  hilly.  Very  little  of  it  is 
level,  owing  to  the  proximity  of  Ten- 
nessee and  Big  Sandy  rivers,  whose 
numerous  small  tributaries  have  cut 
the]originally  level  surface  into  hills 
near  .the  rivers  and  made  it  rolling 
farther  away  from  them.  The 
streams  are  usually  bordered  by  a 
flood  plain  and  a  second  bottom 
which  varies  from  a  few  hundred 
yards  to  half  a  mile  in  width. 

The  maximum  elevation  in  the 
county  is  found  along  the  ridge  sep- 
arating the  Big  Sandy  and  Tennes- 
see river  watersheds.  This  ridge 
attains  heights  of  500  to  600  feet 
above  tide.  The  lowest  point  in  the 
county  is  at  the  Big  Sandy,  where 
the  elevation  at  low  water  is  about 

310  feet.     Low  water  at  Johnsonville   is  322  feet.     The  elevation 
at  Big  Sandy  station  is  347  feet,  at  Camden  444  feet,  and  of  the 
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summit  just  west  of  Camden,  on  the  Nashville,  Chattanooga  and 
St.  Louis  Railway,  486  feet.  The  average  elevation  of  the  county 
is  between  400  and  450  feet.  As  it  is  on  the  eastern  border  of  the 
embayment  region,  where  the  outcrop  of  the  porous  Ripley  strata 
receiver  its  water,  very  little  artesian  pressure  could  be  expected 
anywhere  in  t]ie  county.  Some  wells  on  the  flood  plain  of  the  Bi}: 
Sandy,  however,  flow  with  a  slight  head. 

Geology, — The  contact  between  the  Paleozoic  limestones,  shales, 
and  cherts  and  the  embayment  deposits  runs  north  and  south  throutrli 
about  the  middle  of  the  county.  The  eastern  half  of  the  county  lie> 
accordingly  in  the  Paleozoic  area,  and  will  not  be  discussed  here. 
The  rocks  of  the  western  half  are  of  Cretaceous  and  Pliocene  ao:e. 

The  Eutaw  sand  extends  for  a  few  miles  northward  into  the  south 
end  of  the  county,  but  its  area  is  small  and  its  thickness  can  not  he 
very  great,  owing  to  its  relation  to  the  Tennessee  River  drainage  and 
to  the  fact  that  it  feathers  out  here  and  disappears,  not  being  found 
farther  north.  .  Water  issues  from  the  base  of  the  Eutaw  in  sprin?> 
along  the  hillsides  in  numerous  places  and  is  reached  at  from  20  to  4ii 
feet  in  wells.  It  is  chalybeate  in  places  where  there  is  much  lignitir 
material  in  the  formation. 

It  is  probable  that  just  west  of  the  Eutaw  area,  in  the  extreme 
southwestern  part  of  the  county,  there  is  along  Birdsong  Creek  a 
small  area  of  the  Selma  clay,  though,  owing  to  the  topography, 
exposures  are  poor  and  the  delimitation  of  the  north  end  of  the 
Selma  outcrop  has  not  been  definitely  made.  The  water  in  this 
formation  is  small  in  amount  and  of  very  poor  quality.  The  Selma 
area  in  this  county  is  so  small  as  to  be  practically  negligible. 

The  Ripley  sand  covers  the  western  part  of  the  county.  Its  eastern 
edge  extends  from  the  southwest  corner  of  the  county  northward 
past  Camden,  and  the  formation  embraces  part  of  the  divide  between 
the  Big  Sandy  and  the  Tennessee,  extending  probably  as  far  north 
as  the  Louisville  and  Nashville  Railroad  before  thinning  out  and 
disappearing.  For  some  distance  in  its  lower  course  the  Big  Sandy 
has  cut  through  the  Ripley  sand  into  the  underlying  Paleozoic  rock>. 
The  Ripley  furnishes  abundant  supplies  of  good  water,  but  owin? 
to  its  open,  porous  texture  the  depth  of  wells  in  this  formation  i> 
greater  than  elsewhere,  ranging  from  60  to  100  feet  or  more.  Sprinp^ 
are  not  so  abundant  in  it  as  in  other  formations. 

Overlying  these  Cretaceous  formations  and  the  Paleozoic  rocks  k 
a  blanket  of  Lafayette  sand,  loam,  and  gravel  that  is  tattered  by 
erosion  along  the  larger  streams,  but  mantles  the  inter-stream  area- 
in  an  unbroken  sheet  from  10  to  30  feet  or  more  thick.  In  many 
places  the  formation  contains  limonitic  iron  ore  in  considerahlf 
quantities.     In  places  springs  issue  from  the  base  of  the  Lafayette. 
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lioiigh  they  are  usually  weak  and  their  flow  may  decrease  or  fail 
lurinor  long  droughts. 

Water  resmirces. — Benton  County  is  naturally  well  watered  by 
streams  that  flow  the  year  round  and  furnish  abundant  w^at^r  for 
>t<>ck.  Along  the  base  of  the  hills  numerous  springs  are  found.  In 
the  enibayment  area  these  come  mostly  from  the  Lafayette  or  the 
Kipley,  the  latter  furnishing  the  larger  number  and  the  stronger 
flows.  Springs  and  wells  usually  yield  soft,  freestone  water,  but  in 
a  few  cases  it  contains  sulphur  and  iron.  Domestic  supplies  are 
derived  from  springs  and  open  wells,  the  latter  being  somewhat  the 
more  important  source.  These  wells  may  be  as  shallow  as  10  feet  in 
low  ground  along  streams  or  as  deep  as.  100  feet  on  high  ground  in 
the  Ripley  sands.     Very  few  cisterns  are  in  use. 

At  Big  Sandy  station,  elevation  372  feet,  the  principal  water 
supply  is  derived  from  wells  which  range  from  6  to  50  feet  in  depth 
and  yield  an  abundance  of  soft  water  from  gravel  which  underlies  a 
clay  bed  4  to  6  feet  thick.  Springs  also  are  much  used,  and  there  are 
a  few  cisterns. 

At  Bristow  open  wells  of  moderate  depth  are  exclusively  used. 
At  Faxon  springs  and  open  wells  25  to  30  feet  deep  furnish  the 
supply. 

Gismonda  is  very  near  the  edge  of  the  Paleozoic  area,  and  a  number 
of  sulphur  and  chalybeate  springs  flow  from  sands. 

At  Nobles  the  supply  is  derived  from  the  Ripley  sands  by  small 
bored  wells  that  range  from  60  to  125  feet  in  depth. 

At  Wyly  there  is  a  flowing  well  located  6  feet  above  high  water  on 
the  Big  Sandy.  It  is  li  inches  in  diameter,  50  feet  deep,  and  yields 
5,000  gallons  a  day.  The  flow  varies  somewhat  at  times.  Other 
wells  are  mostly  open,  are  on  higher  ground,  and  furnish  soft  water 
at  a  depth  of  25  to  30  feet. 

At  Zach  the  country  is  flat,  and  wells  are  from  10  to  20  feet  deep. 
There  are  a  few  springs,  but  in  summer  their  water  is  not  cold. 

CARROLL   COUNTY. 

Topography. — Carroll  County  is  situated  in  the  northeastern  part 
of  western  Tennessee.  For  2  miles  on  the  northwest  South  Fork  of 
Obion  River  separates  it  from  Weakley  County.  Its  area  is  624 
square  miles. 

The  watershed  between  Mississippi  and  Tennessiee  rivers  crosses 
the  county  in  a  direction  somewhat  east  of  north  and  separates  it 
into  an  eastern  slope  which  embraces  about  a  third  of  the  county  and 
drains  into  Big  Sandy  and  Tennessee  rivers,  and  a  western  slope 
w^hich  embraces  the  rest  of  the  county  and  drains  into  the  Mississippi. 
The  highest  part  of  the  county  is  along  this  divide,  which  has  an 
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elevation  of  from  450  to  nearly  or  quite  500  feet.  The  lowest  eleva- 
tion is  t  bout  350  feet,  at  the  points  where  the  Big  Sandy  and  South 
Fork  of  the  Obion  leave  the  county.  The  average  elevation  of  the 
county  is  not  far  from  425  feet.  The  surface  along  the  Tennessee- 
Mississippi  divide  is  hilly  and  broken,  for  headwater  erosion  is  active. 
The  northern  and  western  parts  of  the  county  are  more  level  and  the 
main  streams  here,  as  a  rule,  have  broad,  level  flood  plains  and  second 
bottoms. 

Geology. — The  Selma  clay  occurs  in  the  extreme  southeast  corner 
of  the  county,  but  covers  a  very  small  area.  West  of  it  there  is  a 
belt  of  Ripley  sand  6  to  8  miles  in  width  that  occupies  the  eastern 
part  of  the  county,  its  western  edge  running  about  parallel  Tiith  and 
2  miles  west  of  Big  Sandy  River.  Along  the  broad  valley  of  the  Bic: 
Sandy  water  is  found  in  the  Ripley  sand  at  slight  depths,  but  on  the 
uplands  wells  average  from  50  to  125  feet  in  depth  and  furnish  soft 
water.  I 

West  of  the  Ripley  sands  there  is  a  belt  of  Porters  Creek  day 
about  2  miles  wide,  its  w^estern  edge  passing  through  Huntin^oL 
This  clay  is  popularly  known  as  soapstone.  It  is  variable  in  thick- 
ness, being  in  some  wells  only  10  feet  thick,  while  in  others  it  is  s" 
feet  or  more.  In  many  places  it  is  almost  black  and  impart .s  i 
disagreeable  odor  to  the  water.  Physicians  report  that  people 
habitually  using  such  water  become  pale,  anaemic,  and  sickly.  If 
the  Porters  Creek  is  everywhere  less  than  100  feet  tliick  in  this  county, 
as  it  seems  to  be  wherever  records  of  its  thickness  have  been  obtaineii. 
it  should  always  be  possible  to  go  through  it  and  get  good  water  fron: 
the  underlying  Riplej^  sands.  To  the  west  the  Porters  Creek  di|b 
under  the  Lagrange  sand  at  a  low  angle  and  may  be  reached,  in  low 
places  especially,  in  wells  dug  within  half  a  mile  or  a  mile  w  est  of  it^ 
surface  outcrop.  Such  wells  should  either  be  dug  on  through  it  t* 
the  Ripley  sand  or  be  stopped  just  above  it,  so  as  to  draw  water 
from  the  basal  sands  of  the  overlying  Lagrange. 

West  of  the  Porters  Creek  clay  belt  the  county  is  underlain  by 
Lagrange  sands  and  clays.  The  sands  are  soft  and  variable  in  textim* 
so  that  coarse  beds  are  not  widely  continuous,  but  occur  at  various 
horizons  and  extend  each  usually  over  a  small  area  only.  With  the 
sands  are  thin  beds  of  plastic  clays,  and  locally  these  beds  serve  t- 
confine  the  waters  in  the  underlying  sand.  When  such  clay  strata 
are  dug  or  bored  through  the  water  often  rises  at  once  a  number  i^f 
feet,  dependent  on  the  local  elevation.  In  low  places,  as  alon^:  tlh 
bottoms  of  the  streams  in  the  western  part  of  the  county,  arte^jiii 
flows  may  be  obtained.  There  are  a  number  of  such  artesian  well- 
less  than  100  feet  deep  in  the  bottoms  just  west  of  Huntington.  On 
the  rolling  uplands  of  the  western  part  of  the  county  the  Lagrangt 
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yields  water  at  depths  of  35  to  100  feet.  The  water  is  always  soft, 
but  may  in  places  contain  iron  and  sulphur.  Bold  springs  may  rise 
from  the  Lagrange  sands  in  the  bottom  lands  along  the  streams, 
w^hile  out  on  the  edges  of  the  valleys,  along  the  foot  or  on  the  slopes 
of  the  bordering  hills,  weaker  springs  issue  from  the  base  of  the 
Lafayette. 

Over  the  formations  already  named  there  is  a  covering  of  10  to  20 
feet  of  Lafayette  sand  and  sandy  clay.  Occasionally  there  is  a  little 
gravel  in  the  lower  part,  but  as  a  rule  gravel  is  inconspicuous  or 
absent.  In  the  western  part  of  the  county  a  few  feet  of  Columbia 
loam  overlie  the  Lafayette. 

Wdter  resources. — The  streams  of  Carroll  County  are  numerous 
enough  to  furnish  a  supply  of  running  water  for  stock  almost  every- 
-where.  These  streams  flow  the  year  round.  For  household  supplies 
open  dug  wells  are  much  in  use  where  water  may  be  obtained  at  such 
moderate  depths  as  25  to  50  feet.  Even  for  these  depths,  however, 
bored  wells  have  been  in  recent  years  largely  used  instead  of  the 
olden-time  dug  wells,  because  they  are  easier  to  make  and  cheaper. 
Bored  wells  are  also  in  use  where  it  is  necessary  to  go  50  to  100  feet 
or  more,  though  for  depths  of  100  to  150  feet  small  pipe  wells  sunk 
by  a  hydraulic  jet  are  common.  The  bored  wells  run  from  4  to  12 
inches  in  diameter  and  are  curbed  with  wood.  Water  is  usualjy 
drawn  by  a  cylindrical  bucket  with  a  valve  in  the  bottom.  Some 
bored  wells  are  curbed  with  terra-cotta  pipe,  and  some  of  these,  in 
in  low  places,  where  the  ground-water  level  is  nearly  at  the  surface, 
overflow  in  spite  of  the  loose  joints  of  the  terra-cotta — that  is,  they 
are  artesian.  The  small-pipe  wells  are  usually  fitted  with  a  force 
pump  run  by  hand,  wind,  or  steam  power,  the  latter  being  used 
only  where  the  well  furnishes  the  boiler  supply  for  a  cotton  gin, 
sawmill,  or  other  manufacturing  establishment.  In  the  belt  under- 
lain by  the  Porters  Creek  clay,  where  well  water  is  almost  unfit  to 
use,  and  in  the  more  elevated  parts  of  the  Ripley  and  Lagrange 
areas,  where  the  depth  to  water  is  often  100  feet  or  more,  niany 
cisterns  are  in  use.  Deep  waters  may  be  obtained  in  the  central 
and  western  parts  of  the  county  from  either  the  Lagrange  or  the 
Ripley  sands.  In  the  Lagrange  it  will  probably  nowhere  be  necessary 
to  go  deeper  than  200  feet,  and  the  water  will  rise  to  about  375  to 
400  feet  above  the  sea,  the  height  decreasing  westward.  The  water 
in  the  Ripley  may  be  reached  at  depths  of  250  to  300  feet  from 
Huntington  eastward;  west  of  Huntington  the  Ripley  sands  lie 
deeper,  and  soon  the  Lagrange  sands  above  become  thick  enough 
to  furnish  a  deep-water  supply.  The  few  mineral  springs  in  the 
coimty  are  sulphur  or  chalybeate  and  are  of  local  note  only. 

At  Atwood,   elevation  439  feet,   good  pure  water  is  found  in 
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abundance  in  the  Lagrange  sands  at  depths  of  65  to  90  feet  on  the 
higher  ground.  One  record  showed  surface  sands  and  clay  20  feet, 
sand  18  or  20  feet,  potter's  clay  8  feet,  yellow  sand  76  feet  (with 
water  at  90  feet),  gravel  6  feet. 

At  Carnsville,  near  the  eastern  edge  of  the  Porters  Creek  clay. 
there  are  some  wells  in  this  formation  that  yield  water  unfit  for  u>e 
on  account  of  its  astringent  taste  and  bad  odor.  Others,  30  to  75 
feet  deep  in  the  Ripley  sands,  furnish  an  abundance  of  good  water. 

At  Cedar  Grove,  where  the  Lagrange  sands  outcrop,  the  water 
supply  is  derived  from  shallow^  wells  and  numerous  springs.  Three 
miles  to  the  south  there  is  a  sulphur  and  iron  spring  of  some  local 
note.     There  are  deep  wells. 

At  Clarksburg  good  water  is  obtained  from  the  Ripley  sand  a: 
depths  ranging  from  20  feet  on  low  ground  to  135  feet  on  higher 
ground.  At  the  shallower  depths  wells  were  formerly  dug,  but  now 
nearly  all  are  bored,  the  usual  size  being  12  inches.  There  are  few 
pipe  wells  and  very  few  springs. 

At  Dollar,  also,  water  is  obtained  from  the  Ripley  sand  by  nieaD> 
of  bored  wells,  the  average  depth  being  from  50  to  135  feet,  though 
some  are  only  20  feet.     A  few  springs  are  in  use. 

At  Garrettsburg,  where  the  Ripley  sand  outcrops,  shallow  open 
wells  and  springs  are  used,  the  wells  for  domestic  supply  and  the 
springs  for  stock. 

At  Hico,  elevation  389  feet,  an  abundant  of  good  soft  water  is 
obtained  from  the  Lagrange  sand  at  depths  of  30  to  50  feet. 

At  Hollow  Rock,  elevation  425  feet,  water  is  struck  in  open  wells 
in  the  low,  flat  part  of  town  at  depths  of  15  to  25  feet,  and  on  higher 
ground  at  depths  of  40  to  80  feet.  A  mile  or  two  w^est  of  town,  on 
the  Mississippi-Tennessee  divide,  wells  average  100  feet  deep.  All 
are  in  Ripley  sand.  There  are  numerous  springs  in  low  places  along 
the  streams,  but  the  water  is  not  considered  healthful.  In  Hollow 
Rock  a  well,  formerly  60  feet  deep,  but  now  filled  up,  is  reported  to 
have  had  an  abundance  of  good  water  in  the  summer,  but  to  have  gone 
dry  in  the  winter. 

At  Hollow  Rock  Junction,  elevation  416  feet,  the  Nashville,  Chat- 
tanooga and  St.  Louis  Railway  uses  a  small  stream  for  supplying  its 
engines. 

Huntington,  elevation  414  feet,  is  situated  on  the  western  edge  of 
the  Porters  Creek  clay.  In  some  places  the  dark  unctuous  clay,  or 
so-called  ^'soapstone,"  is  at  or  within  a  few  feet  of  the  surface  and 
varies  from  10  to  75  or  80  feet  thick.  At  other  places  there  are  from 
20  to  50  feet  of  Lagrange  and  Lafayette  sands  over  the  Porters  Creek 
clay.  Some  shallow  wells  are  in  the  Lagrange  sand  and  have  good 
water;  others  are  in  the  '^soapstone''  and  have  poor  water;  while 
still  others  go  through  the  *'soapstone''  and  get  good  water  from  the 
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Ripley  sand  beneath.  These  open  wells  vary  in  depth  from  10  feet 
in  the  bottoms  just  west  of  town  to  90  feet  on  the  town  level.  Wells 
sunk  50  to  70  feet  in  the  bottoms  usually  flow  at  the  surface  with  a 
liead  of  2  or  3  feet.  Their  water  is  soft,  but  usually  contains  some 
iron  and  sulphur;  it  is  derived  from  the  base  of  the  Lagrange  sand. 
There  are  two  deep  wells  within  5  feet  of  each  other  at  the  Hunting- 
ton corporation  light  and  water  works.  They  are  6-inch  wells, 
drilled  in  1898,  one  being  213  and  the  other  265  feet  deep.  The 
'w^ater  rises  a  few  inches  above  the  surface.  A  log  given  from  memory 
is  as  follows: 

Log  of  well  at  HuniingUmy  Tenn. 

Feet. 

Sand  and  clay  (Lafayette  and  Lagrange) 40 

* '  Soapstone  "  (Porters  Creek  clay) • 65-70 

Gray  sand,  partly  somewhat  indurated  (Ripley) 155-160 

These  two  wells  are  said  to  be  capable  of  yielding  800,000  gallons 
per  day.  An  average  amount  of  about  25,000  gallons  per  day  is 
pumped  into  the  mains  under  a  direct  pressure  of  60  pounds  for  ordi- 
nary service,  which  is  increased  to  120  pounds  for  fire  service.  A 
chemical  analysis  shows  the  water  to  contain  small  quantities  of  iron 
and  calcium  carbonates;  sulphates  of  potash,  lime,  soda,  magnesia, 
and  alumina;  sodium  and  potassium  chlorides,  and  sulphureted 
hydrogen.  It  is  somewhat  hard  for  washing,  and  the  iron  makes 
clothes  and  vessels  yellow.  It  deposits  in  boilers  only  a  rusty  sedi- 
ment that  is  easily  blown  off.  The  cold  water  eats  out  the  valves 
and  joints  of  pipes,  but  the  hot  water  does  not  injure  either  fittings 
or  boilers.  This  water  is  considered  very  healthy.  It  is  reported 
that  in  five  years  no  case  of  typhoid  fever  has  developed  in  town 
where  the  deep- well  water  is  used. 

At  Lankford  there  is  a  flowing  well  6  inches  in  diameter  and  100 
feet  deep.  The  water  is  used  for  household  purposes,  and  is  said  to 
have  medicinal  qualities. 

At  Lavinia  water  is  obtained  at  160  feet  depth,  the  entire  section 
being  sand. 

At  Leach  water  is  obtained  from  springs  and  ordinary  shallow  open 
wells  in  the  Lagrange  sand. 

At  McKenzie,  elevation  481  feet,  some  cisterns  are  used,  and  there 
are  numerous  wells  ranging  from  23  to  95  feet  deep,  the  shallower 
ones  being  dug,  the  deeper  ones  bored.  The  shallow  wells  show  some 
tendency  to  fail,  during  dry  seasons.  There  are  also  a  number  of 
deeper  driven  wells  in  the  town  and  immediate  vicinity  that  range 
from  175  to  335  feet  deep.  Water  is  abundant  and  soft  in  all  of  them. 
In  some  it  contains  iron,  but  not  in  objectionable  quantity.  These 
wells  are  generally  used  for  boiler  supply  and  stock  watering  on  large 
farms.  The  Louisville  and  Nashville  Railroad  has  a  6-inch  well, 
reported  by  one  person  to  be  335  and  by  another  to  be  362  feet  deep. 
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The  material  encountered  was  chiefly  sand.  Water  rises  to  within  90 
feet  of  the  surface. 

At  McLemoresville  there  are  some  springs,  but  water  is  obtained 
from  dug  and  bored  wells  40  to  50  feet  deep  that  get  water  in  the 
Lagrange  sand.     The  water  is  reported  hard  in  one,  soft  in  others. 

At  Mixie  there  are  small  bored  wells  and  good,  strong  springs. 

At  Muse  a  supply  of  fair  to  good  water  is  obtained  from  the  Ripley 
sand.     Wells  are  about  50  feet  deep;  the  flow  is  rather  weak. 

At  Post  there  is  a  bored  well  24  feet  deep  that  flows.  The  water 
is  Irom  the  Porters  Creek  clay,  and  contains  iron  and  sulphur. 

At  Townes  a  supply  of  good  water  is  obtained  from  springs  and 
shallow,  open  wells  in  the  Ripley  sand. 

At  Yuma,  elevation  480  feet,  a  water  supply  is  derived  from  the 
Ripley  sand  by  ordinary  open  wells  that  range  in  depth  iTom  20  feet 
in  low  places  to  100  feet  on  higher  ground. 

CHESTER    COUNTY. 

Topography, — Chester  County  is  situated  in  the  southeastern  part 
of  the  area  discussed  in  this  paper.  It  is  of  irregular  shape.  The 
area  of  the  county  is  300  square  miles,  nine-tenths  of  which  belongs 
to  the  Mississippi  drainage  basin,  the  remainder  draining  into  Ten- 
nessee River.  The  Mississippi-Tennessee  divide  crosses  the  eastern 
part  of  the  county.  Along  the  water  parting  the  surface  is  high  and 
the  country  much  broken  and  in  places  hilly  and  rough.  The  eleva- 
tion along  this  summit  ridge  reaches  nearly  or  quite  600  feet  above 
tide.  The  eastward  slope  is  steep  and  much  cut  up  by  the  head- 
waters of  the  tributaries  of  the  Tennessee.  The  slope  to  the  west  is 
at  first  steep  and  rough  also,  the  surface  being  much  dissected  by 
the  headwaters  of  Forked  Deer  River,  but  the  middle  and  western 
parts  of  the  county  are  more  nearly  level.  Between  the  streams 
the  general  surface  is  flat,  being  broken  only  in  a  narrow  fringe  along 
either  side  of  the  main  stream  valleys,  which  lie  20  to  40  feet  lower 
than  the  general  country  level.  The  average  elevation  is  between 
450  and  500  feet,  the  highest  point  being  about  600  feet  on  the  dividing 
ridge,  as  already  stated,  and  the  lowest  about  370  feet  on  the  level 
of  Forked  Deer  River  at  the  point  where  it  leavers  the  county.  The 
streams  east  of  the  divide  are  all  small  and  are  the  headwater  tribu- 
taries of  White  Oak  River  and  of  Piney  Creek  or  Beech  Creek.  West 
of  the  divide  Forked  Deer  River  attains  considerable  size  before  it 
leaves  the  county.  A  small  area  in  the  southwestern  part  of  the 
county  is  drained  by  the  headwaters  of  Piney  Creek,  a  tributary  of 
Hatchee  River. 

Geology. — The  rocks  of  Chester  County  consist  of  the  Selma  clay 
and  Ripley  formation  of  the  Cretaceous,  the  Porters  Creek  and 
Lagrange  of  the  Eocene,  and  the  Lafayette  of  the  Pliocene. 
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The  upper  half  of  the  Selma  clay  underlies  about  20  square  miles 
of  the  east  end  of  the  county.  It  lies  entirely  in  the  drainage  basin 
of  White  Oak  River  and  its  western  boundary  extends  almost  north 
and  south.  The  fine  clays  of  this  formation  are  exposed  in  gullies 
and  along  the  ravines  draining  into  the  headwaters  of  White  Oak 
River.  They  are  overlain  by  Lafayette  gravels  and  clays  in  places 
on  the  uplands  where  erosion  has  not  been  especially  vigorous.  The 
formation  dips  westward  under  the  Ripley  sands,  which  cross  the 
county  in  a  belt  about  10  miles  wide,  their  eastern  part  forming  the 
dividing  ridge  between  the  Tennessee  and  Mississippi  drainages  and 
their  western  edge  extending  through  Henderson.  The  Lafayette 
covering  conceals  a  larger  proportioji  of  the  Ripley  than  of  the  Selma. 

The  Porters  Creek  formation  crosses  the  county  in  a  belt  4  or  5 
miles  wide,  which  extends  from  the  southern  projection  of  the  county 
on  the  Hardeman-McNairy  county  line  in  a  direction  somewhat  east 
of  north  to  the  extreme  northern  part  of  the  county  on  the  Madison- 
Henderson  county  line.  Much  of  the  Lafayette  has  been  removed 
from  the  Porters  Creek  area,  so  that  its  leaden-gray  clays  are  exposed 
in  numerous  places.  The  Lagrange  sands  are  found  in  the  western 
part  of  the  county,  covering  an  area  3  or  4  miles  wide. 

The  Lafayette  is  10  to  20  feet  thick  and  overlies  all  the  older  forma- 
tions. Near  the  eastern  edge  of  the  county  it  contains  a  considerable 
amount  of  rounded  gravel.  To  the  west  the  gravel  becomes  less 
abundant. 

WcUer  resources. — The  streams  of  the  county  are  numerous  and 
furnish  in  most  cases  a  sufficient  supply  of  water  for  stock.  In  a  few 
cases  ponds  are  used.  In  the  rough  and  broken  country  in  the 
eastern  part  of  the  county  good  springs  flowing  from  the  base  of  the 
Lafayette  or  from  the  Ripley  sands  are  numerous  and  much  used. 
The  surface  of  the  county  is  gently  rolling  or  almost  level  to  the  west, 
and  the  springs  are  less  abundant  and  valuable,  though  even  in  the 
more  level  portions  springs  may  be  found  in  the  depressions  along  the 
streams.  The  main  dependence  for  water  in  this  part  of  the  county, 
however,  is  on  wells.  The  water  level  in  the  Ripley  sands  is  gen- 
erally deep.  Good,  unfailing  wells  run  from  75  to  150  feet  in  depth. 
The  worst  water  in  the  county  is  found  in  the  Porters  Creek  area. 
As  found  in  some  wells,  certain  parts  of  this  clay  are  reported  to 
be  as  black  a&  tar  and  to  emit  a  strong,  offensive  odor.  Water  from 
these  clayB  is  usually  small  in  quantity,  hard,  and  of  a  disagreeable 
odor,  which  renders  it  unfit  for  use.  In  the  lower  half  of  the  Porters 
Creek  occur  some  fine-grained,  silty  sandstones,  and  water  obtained 
from  these  beds,  though  still  hard,  is  in  larger  quantity  and  usually 
without  bad  odor.  In  the  Porters  Creek  area.w^ells  should  either  be 
stopped  in  the  lower  part  of  the  overlying  Lafayette,  if  this  is  locally 
thick  enough  to  furnish  a  supply,  or  should  be  carried  down  entirely 
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through  the  Porters  Creek  to  the  underlying  Ripley  sands,  in  which 
water  of  good  quality,  rising  to  a  level  somewhere  near  the  surface, 
should  be  obtained. 

At  Brinley,  where  the  Ripley  sand  is  the  surface  formation,  there 
are  some  wells  30  to  50  feet  deep  and  others  90  to  130  feet  deep.  The 
deeper  wells  are  bored,  10  to  12  inches  in  diameter;  they  furnish 
soft  water.     Some  springs  are  in  use. 

At  Cabo,  also  in  the  Ripley  area,  there  are  numerous  springs  and 
some  weak,  shallow  wells.  The  best  wells  are  bored,  100  to  125  feet 
deep;  they  strike  good,  soft  water  at  90  to  100  feet,  usually  though 
not  always  in  large  ciuantity,  the  variation  depending  on  the  texture 
of  the  sand. 

At  Deanburg,  which  is  situated  on  a  flat  ridge  between  two  creeks, 
an  abundant  water  supply  is  obtained  from  the  Lagrange  sands  at  a 
depth  of  50  feet.  Along  the  creeks  are  numerous  never-failini? 
springs,  fed  from  the  Lafayette  and  Lagrange  sands.  All  the  water 
here  is  soft. 

At  Enville  the  supply  is  derived  from  wells  15  to  30  feet  deep  and 
rather  weak  in  flow.  Better  and  larger  supplies  could  be  obtained 
by  drilling  200  to  300  feet  through  the  Selma  clay  into  the  Eutaw 
sand. 

At  Henderson,  elevation  421  feet,  a  supply  of  soft  water  is  obtained 
from  the  upper  part  of  the  Ripley  sand  at  a  depth  of  50  to  60  feet. 
Bored  wells  5  to  10  inches  in  diameter  are  in  common  use.  A  **  blow- 
ing well''  is  reported,  from  which  air  is  said  to  escape,  especially  in 
damp  weather  and  in  Avinter.  This  is  of  the  usual  type  of  blowin;; 
w^ells,  in  which  air  is  absorbed  by  the  porous  sands  during  high- 
barometer  conditions,  to  be  given  out  wnth  more  or  less  noise  when 
the  pressure  is  decreased,  with  a  falling  barometer. 

At  Jasper  some  springs  are  used.  Wells  are  generally  very  shallow 
because  the  ''soapstone"  (Porters  Creek  clay)  is  soon  struck  and 
yields  water  unfit  for  use.  .A  few  bored  wells  obtain  a  potable  but 
hard  water  from  a  firm  sand  or  sandstone  in  the  Porters  Creek  at  70  or 
80  feet. 

At  Mifflin  water  of  fair  quality  is  obtained  from  the  Porters  Creek 
clay  at  depths  ranging  from  30  to  60  or  70  feet. 

Montezuma  lies  just  about  at  the  eastern  edge  of  the  Porters  Creek 
area,  and  outside  of  this  area  good  water  is  obtained  at^depths  of  20  to 
70  feet.  In  the  "soapstone"  belt  wells  may  go  100  to  150  feet  and 
then  be  abandoned  from  failure  to  get  water  or  from  its  foul  odor. 
The  water  so  obtained  often  contains  iron  and  sulphur  and  is  astrin- 
gent and  hard.  There  are  numerous  springs  along  the  streams,  and 
some  of  them  contain  iron  or  other  mineral  matter. 

At  Sw  eetlips,  where  the  Ripley  sand  is  the  surface  formation,  good, 
soft  water  is  obtained  from  wells  70  to  100,  or,  in  some  cases,  200  feet 


RE80UE0E8  OF  OBOOKETT  COUNTY,  TENN.  61 

deep.     Along  the  foot  of  the  hills  good  springs  are  found.     In  some 
cases  water  is  raised  from  the  deeper  wells  by  windmills. 

CROCKETT   COUNTY. 

Topography, — Crockett  County  is  elongated  in  a  northwest-south- 
east direction  and  lies  between  Middle  Fork  of  Forked  Deer  River  on 
the  northeast  and  South  Fork  of  the  same  river  on  the  southwest.  It 
has  an  area  of  267  square  miles.  The  surface  of  the  county  is  divided 
along  a  northwest-southeast  line  through  its  center  into  two  slopes, 
one  draining  to  the  northeast  into  Middle  Fork  and  the  other  to  the 
southwest  into  South  Fork  of  Forked  Deer  River.  The  central  por- 
tion is  a  level  and  gently  rolling  upland,  with  an  average  general  ele- 
vation of  about  400  to  425  feet  above  sea  level.  Near  the  main  rivers 
on  either  side,  especially  in  the  western,  northwestern,  and  eastern 
portions,  the  surface  is  hilly,  being  cut  up  by  the  tributary  streams. 
The  highest  portion  is  along  the  central  dividing  ridge  near  the  south- 
east end  of  the  county,  with  an  elevation  of  about  425  feet.  The 
lowest  portion  is  along  the  two  forks  of  Forked  Deer  River  where  they 
leave  the  northwest  end  of  the  county,  and  has  an  elevation  of  about 
300  feet. 

Geology, — The  Lagrange  formation  underlies  the  entire  county 
beneath  a  thin  blanket  of  Lafayette  sand  and  gravel,  which  forms  the 
surface  of  much  of  the  county,  but  is  itself  covered,  especially  in  the 
northwest  end,  by  a  few  feet  of  loess  and  loam.  The  Lagrange,  while 
predominantly  of  light-colored  sand,  contains  in  the  southeastern  part 
of  the  county  beds  of  light-colored  clays  and  in  the  northwestern  part 
clays  dark  with  lignitic  material  that  is  pure  enough  in  places  to  bum 
when  dried.  The  sands  which  make  the  bulk  cjf  the  Lagrange  deposits 
are  mostly  fine  grained,  but  local  beds  of  coarser  sand  occur  at  irregu- 
lar intervals  and  furnish  the  most  abundant  supply  of  water  as  well  as 
the  most  favorable  location  for  setting  strainers. 

^Yater  resources, — The  surface  is  one  of  gentle  relief,  and  as  water 
sinks  rapidly  through  the  loose,  porous  sand  of  the  Lagrange  there  is 
in  many  cases  no  opportunity  for  springs  to  form,  so  that  they  are  not 
abundant  and  the  few  which  occur  as  a  rule  have  a  weak  flow.  Aside 
from  the  rivers  that  border  the  county  on  two  sides  there  are  no 
streams  of  great  importance.  Pond  Creek,  the  largest  stream  in  the 
county,  flows  northwestward  from  Alamo,  and  Cypress  Creek  flows 
northwestward  through  the  eastern  part  of  the  county.  The  other 
streams  are  very  small  and  usuall}^  go  dry  during  the  summer,  so  that 
for  watering  stock  the  inhabitants  depend  largely  on  artificial  ponds. 
For  domestic  supply  wells  and  cisterns  are  in  use.  The  wells  include 
almost  all  classes.  The  old  wells  are  largely  dug  and  20  to  30  feet 
deep.  More  recently,  bored  wells  6  to  12  inches  in  diameter  and  pipe 
wells  about  2  inches  in  diameter  have  come  into  use.     The  water  table 
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in  the  Lagrange  sand  is  often  at  some  distance  below  the  surface,  so 
that  if  water  is  not  obtained  at  20  or  30  feet  in  the  base  of  the  Lafa- 
yette, it  is  necessary  to  go  from  100  to  200  feet  to  get  an  adequate  sup- 
ply in  sand  coarse  enough  to  be  checked  by  a  strainer.  None  of  the 
wells  in  the  county  flow  and  the  water  in  some  stands  so  low  that  it  is 
raised  by  windmill,  gasoline,  or  steam  power.  The  water  is  generally 
soft.     In  places,  that  derived  from  the  Lagrange  contains  iron. 

Alamo  is  situated  near  the  center  of  the  county  on  a  plain  with  a 
surface  of  Lafayette  sand.  Some  cisterns  are  used.  Shallow,  open,  or 
dug  wells  get  water  from  the  ba^e  of  the  Lafayette.  Of  recent  years 
small  bored  wells  from  80  to  200  feet  deep  have  come  into  use  and  fur- 
nish a  good  and  abundant  supply.  Windmills  are  used  to  pump  some 
of  the  deeper  wells. 

At  Bells,  elevation  331  feet,  a  good  supply  of  water  is  obtained  by 
driven  or  tubular  wells  from  the  Lagrange  sand  at  a  depth  of  85  to  100 
feet,  though  some  wells  are  140  feet  deep.  The  water  rises  within  30 
or  40  feet  of  the  surface. 

At  Cairo  soft  water  is  obtained  from  shallow  wells  about  30  feet 
deep  and  water  which  is  reported  as  hard,  but  which  more  probably  is 
chalybeate,  from  driven  wells  150  feet  deep.  Water  in  the  deep  wells 
is  struck  at  140  feet  and  rises  90  feet  in  the  pipe. 

At  Chestnut  Bluff,  on  Forked  Deer  River,  there  are  numerous 
springs  at  the  foot  of  the  hills.  The  wells,  open  and  bored,  range 
from  30  to  80  feet  in  depth.  Blue  clay  is  reached  at  about  30  feet, 
and  in  places,  especially  toward  the  west,  it  contains  lignite.  Wells 
stopped  at  this  depth  get  good  water  from  the  overlying  Lafayette 
sand,  but  in  dry  seasons  they  are  apt  to  fail  entirely.  The  deeper 
wells  get  a  supply  of  hard  water  from  beneath  the  clay.  Wells  for 
boiler  supply  are  driven  to  100  feet  or  more. 

At  Crockett  Mills  there  is  an  abundance  of  water  in  quicksand  at  30 
to  50  feet,  but  this  is  so  fine  that  strainers  can  not  keep  it  out  of  the 
wells  and  they  are  sunk  until  coarser  sand  is  reached  or  the  depth 
becomes  so  great  that  the  attempt  is  abandoned.  The  abrupt  varia- 
tion in  the  texture  of  the  sand  and  the  very  small  extent  of  any  one 
coarse  bed  are  shown  by  three  driven  wells  here  that  are  132,  240,  and 
420  feet  deep,  respectively.  They  furnish  large  quantities  of  soft 
water  that  contains  some  iron.  No  record  of  the  420-foot  well  was 
obtainable,  but  the  section  is  described  as  being  alternating  sand  and 
clay,  the  sand  being  the  more  abundant.  Water  is  pumped  by  steam 
or  by  windmill. 

At  Foster  there  are  very  few  springs.  Open,  shallow  wells  are  in 
general  use. 

At  Friendship  springs  are  but  little  used.  Bored  wells  of  18-inch 
diameter  range  from  32  to  75  feet  in  depth,  according  to  elevation 
chiefly.     Driven  wells  2  or  3  inches  in  diameter  range  from  85  to  100 
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feet  in  depth.     The  supply  is  abundant  and  is  used  for  all  purposes. 
Some  wells  contain  iron. 

At  Maury  City  wells  varying  from  63  to  135  feet  in  depth  furnish  a 
good  supply  of  water.  They  are  pumped  by  hand  or  by  gasoline 
engines. 

DECATUR   COUNTY. 

Topography. — Decatur  County  lies  just  west  of  Tennessee  River. 
The  surface  slopes  eastward  and  the  drainage  is  into  the  Tennessee. 
The  western  portion  of  the  county  has  the  greatest  elevation.  It  is 
almost  flat  in  places  remote  from  the  small  streams  that  drain  it,  but 
along  the  streams  the  surface  has  been  cut  by  erosion  into  hills.  The 
elevation  in  this  western  part  of  the  county  ranges  from  380  feet  along 
the  streams  to  about  550  or  600  feet  on  the  highest  ridges. 

Geology. — Only  the  western  two-fifths  of  the  county  is  within  the 
embayment,  the  remainder  lying  within  the  area  of  Paleozoic  lime- 
stones. The  line  between  these  two  geologic  divisions  runs  with  some 
sinuosities  in  a  general  north-south  direction,  passing  through  Deca- 
turville  and  Parsons.  It  is  not  difficult  for  even  the  layman  to  recog- 
nize this  line,  for  west  of  it  the  rocks  are  all  soft  sands  and  clays,  while 
east  of  it  they  are  hard  limestones  and  cherts.  The  eastern  part  of 
the  county,  within  the  Paleozoic  area,  is  not  discussed  in  this  report. 

The  oldest  surface  formation  in  the  western  part  of  the  county  is  the 
Eutaw  sand,  which  lies  immediately  on  the  hard  Paleozoic  rocks. 
One  of  the  best  sections,  at  Parsons,  is  described  at  some  length  on 
page  24.  The  exposure  there  and  in  railway  cuts  just  to  the  west  may 
be  regarded  as  typical  of  the  formation.  Tlie  Eutaw  sand  extends 
westward  into  the  adjoining  county.  In  the  extreme  northwest  cor- 
ner of  Decatur  County  it  is  overlain  by  the  clays  and  marl  of  the  wSelma 
clay  in  a  very  small  area  covering  not  over  2  or  3  square  miles. 

Spread  thinly  over  the  Eutaw  sand  and  extending  eastward  over 
the  Paleozoic  rocks  as  well  is  the  Lafayette.  In  many  places  it  has 
been  cut  througlTby  erosion.  Its  proximity  to  Tennessee  River  is 
reflected  in  the  large  amount  of  rounded  chert  gravel  it  contains.  This 
gravel  is  exactly  similar  to  that  now  being  carried  down  by  the  river. 
In  many  places  the  Lafayette  gravel  is  cemented  by  limonite  into  a 
conglomerate,  while  here  and  there  the  iron  is  rich  enough  to  be  mined 
as  an  ore. 

Water  resources. — No  attempts  have  been  made  within  the  embay- 
ment area  of  Decatur  County  to  sink  wells  deeper  than  about  80  or  100 
feet.  The  underlying  formation  is  the  Eutaw,  which  yields  water  of 
good  quality  in  the  sandy  layers  at  depths  varj^ing  according  to  the 
topography  from  30  to  80  feet.  The  supply  is  usually  abundant. 
There  are  also  in  this  formation  numerous  beds  -of  clay  that  contain 
lignitic  material  and  decomposing  iron  pyrite.     Water  from  wells  or 
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springs  supplied  by  these  strata  sometimes  contains  sulphur  and  is  usu- 
ally more  or  less  astringent  from  the  iron  sulphate  present.  In  some 
cases  the  water  on  standing  deposits  a  yellowish  scum  of  hydratediron 
oxide  formed  by  the  decomposition  of  iron  carbonate. 

At  Beacon  the  supply  is  derived  chiefly  from  wells  of  ordinary 
depth,  those  stopping  in  sand  giving  water  free  from  mineral  matter, 
while  those  in  clay  contain  iron  salts. 

Parsons,  elevation  488  feet,  is  situated  on  the  eastern  edge  of  the 
embayment  deposits.  Springs  from  the  base  of  the  Eutaw  fonna- 
tion  often  contain  iron  and  sulphur.  Wells  are  generally  used,  and 
average  25  to  35  feet  deep.  Those  dug  to  the  sand  and  gravel  at  the 
base  of  the  Eutaw  obtain  a  good  supply  of  pure,  soft  water;  those 
stopping  in  an  overlying  clayey  stratum  obtain  a  less  abimdant 
supply  of  hard  water,  which  may  fail  entirely  in  a  dry  season.  Wells 
are  either  open,  bored,  or  driven.  There  is  no  waterworks  system  in 
the  town. 

At  Point  Pleasant  a  supply  is  obtained  from  ordinary  open  or 
driven  wells  and  from  numerous  springs  along  the  bottom  or  lower 
slopes  of  the  hills. 

At  Sugar  Tree  there  are  only  shallow  wells;  the  water  in  some 
of  them  is  said  to  contain  alum,  while  in  others  it  is  free  from  min- 
eral ingredients.     There  are  a  few  springs. 

At  Thurman  the  chief  supply  is  from  open  wells  that  range  from 
30  to  80  feet  in  depth.     Some  springs  are  used. 

DYER   COUNTY. 

Topography. — Dyer  County  is  in  the  northwestern  part  of  the 
embayment  area  of  western  Tennessee.  It  is  bounded  on  the  west 
by  Mississippi  River  and  on  the  south  by  Forked  Deer  River  and  its 
South  Fork.  The  area  is  500  square  miles.  The  drainage  is  to  the 
Mississippi  directly  or  through  Ohio  River,  Forked  Deer  River,  or 
Reelfoot  Lake. 

The  county  may  be  divided  into  two  parts  that  are  topographicallT 
quite  distinct.  One  is  the  rolling  or  hilly  upland  region,  lying  chiefly 
in  the  eastern  half  of  the  county.  The  other  is  the  flat,  alluTial 
bottom  land  of  the  Mississippi,  the  Obion,  and  other  main  streams. 
The  upland  is  gently  rolling  except  along  the  streams,  where  it 
becomes  hilly,  and  along  the  line  of  blufi's  separating  it  from  the 
Mississippi  bottom,  where  erosion  has  cut  it  into  bold,  steep  hills  that 
form  the  bluffs  and  overlook  the  broad  expanse  of  bottom  lands. 
The  average  elevation  of  the  upland  surface  is  about  375  feet,  while 
that  of  the  bottoms  is  from  100  to  150  feet  less. 

Geology. — The  formations  of  importance  for  water-supply  pin-poses 
in  Dyer  County  are  the  Lagrange,  the  Lafayette,  the  loess,  and  the 
alluvium. 


RESOURCES   OF    DYER    COUNTY,  TENN.  65 

The  Lagrange  underlies  the  entire  county.  Although  it  is  occa- 
sionally laid  bare  in  ravines  by  the  erosion  of  the  overlying  forma- 
tions, it  is  generally  concealed  by  one  or  more  of  these  formations 
and  is  reached  in  wells  at  depths  of  50  to  100  feet.  It  is  the  important 
water  bearer  of  the  area. 

The  Lafayette  underlies  the  upland  area  of  the  county,  resting  on 
the  Lagrange.  It  averages  not  over  a  score  of  feet  in  thickness. 
The  Lafayette  is  not  found  beneath  the  bottom  areas,  because  since 
its  deposition  it  has  been  removed  by  the  erosion  which  formed  the 
stream  valleys.  It  does  not  appear  as  a  surface  formation,  except 
where  the  loess  has  been  removed  by  erosion.  It  lies  just  beneath 
the  loess  and  is  reached  in  many  wells. 

The  loess,  Uke  the  Lafayette,  occurs  only  in  the  upland  part  of  the 
county  and  the  second  bottoms,  and  for  the  same  reason  it  has  else- 
where been  removed  by  subsequent  erosion.  It  rests  on  the  Lafa- 
yette and  often  contains  a  stratum  of  gravel  and  sand  at  its  base. 
It  has  a  maximum  thickness  of  40  to  80  feet  along  the  bluffs  of  the 
Mississippi,  but  thins  out  and  gradually  disappears  to  the  east,  so 
that  a  definite  eastern  Umit  for  it  can  not  be  fixed.  However  the 
eastern  edge  of  the  county  may  be  roughly  taken  as  that  limit. 

The  alluvium  is  found  in  the  bottoms  of  the  Mississippi  and  other 
streams.  It  rests  directly  on  the  Lagrange  and  varies  in  thickness 
up  to  100  feet  or  more  along  the  Mississippi.  Along  Obion  and 
Forked  Deer  rivers  the  valley  is  divided  topographically  into  a  first 
and  a  second  bottom.  The  first  bottom  is  low  and  usually  swampy 
and  composed  of  alluvium.  The  second  bottom  is  10  to  20  feet 
higher  as  a  rule  and  covered  with  loess. 

Water  resources. — In  the  more  broken  parts  of  the  county,  near  the 
streams,  springs  issue  from  the  Lafayette  along  the  lower  slopes  of 
the  hills.  In  the  more  level  parts  the  open  shallow  wells  in  the 
loess  usually  yield  hard  water  and  early  led  to  the.  use  of  cisterns. 
These  are  very  easily  and  cheaply  constructed  in  the  loess  and  are 
extensively  used.  Of  recent  yea^rs  driven  wells  2  or  3  inches  in 
diameter  have  come  into  use.  These  obtain  a  supply  of  fair  to  good 
water  in  the  Lagrange  at  a  depth  of  150  to  250  feet,  as  a  rule.  The 
water  is  usually  soft  enough  to  use  in  washing,  but  may  leave  a 
soft  or  gummy  scale  in  boilers.  Water  may  be  obtained  from  the 
Lagrange  in  all  parts  of  the  county,  at  reasonable  depths,  and  should 
generally  be  of  acceptable  quality.  The  Lagrange  here  contains 
beds  of  clay,  and  much  of  the  sand  is  fine,  so  that  careful  watch 
should  be  kept  for  any  pocket  of  sand  coarse  enough  to  permit  the 
use  of  a  strainer.  In  the  alluvial  region  the  water  obtained  in  shallow 
open  or  driven  wells  is  generally  unsatisfactory.  Since  the  surface 
is  everywhere  either  below  or  only  slightly  above  high-water  level 
in  the  rivers,  wells  in  this  region  are  shallow  and  draw  their  supplies 
IHR  164—06 5 
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of  water  practically  from  the  surface.  The  water  in  the  wells  on 
the  elevated  strip  of  flood  plain  near  the  banks  of  the  Mississippi 
rises  and  falls  in  harmony  with  the  varying  stages  of  the  river  surface. 
The  water  from  the  alluvium  is  usually  hard  and  flat  or  ''sweet"  in 
taste  and  must  contain  considerable  organic  matter,  resulting  from 
the  decomposition  of  the  abundant  plant  remains  that  are  embedded 
everywhere  in  the  flood-plain  deposits.  Better  water  may  l)e 
obtained  on  any  of  the  flood  plains  by  sinking  deep  wells  into  the 
underlying  Lagrange  formation. 

At  Bandmill,  in  the  Mississippi  bottom,  poor  water  is  obtained 
from  the  alluvium  by  shallow  driven  wells. 

At  Bogota,  on  a  tributar}''  of  the  Obion,  there  are  no  springs  or 
open  wells,  but  water  is  obtained  from  driven  wells  18  to  20  feet 
deep.     The  quality  is  said  to  be  good. 

At  Dyersburg,  elevation  295  feet,  on  Forked  Deer  River,  shallow 
open  and  driven  wells  and  cisterns  are  used.  The  shallow  weUs  run 
from  30  to  60  feet  in  depth.  The  30-foot  wells  in  the  loess  get  poor 
surface  water.  The  60-foot  wells  go  through  the  loess  and  get  a 
better  water  from  tlie  Lafayette  sand  or  the  top  of  the  Lagrange. 
The  supply  from  this  sand  is  large.  Five  wells  in  it  yield  about 
250,000  gallons  a  day,  but  the  water  is  hard  and  that  from  some  of 
them  scales  badly  in  boilers.  The  old  water  company  had  an  artesian 
well  6  inches  in  diameter  and  650  feet  deep,  with  a  natural  flow  of 
about  150,000  gallons  a  day  rising  about  10  feet  above  the  well 
mouth.  When  pumped  the  well  was  capable  of  yielding  1,000,000 
gallons  a  day  with  proper  air  lift.  The  log,  given  from  memory,  is 
as  follows: 

Log  ofwdl  at  Dyersburg ,  Tenn, 


Thickoess.  >     Depth. 


Feet. 

I- 


43U  r 


Red  clay 10 

Blue  clay 40 

Sand,  very  fine  on  top,  grading  into  a  layer  of  pebbles  1  inch  in  diameter  at  bot- 
tom    40 

Soft  light-colored  clay 25 

?uiclc8and Z 30 

hin  layers  of  fine  sand  and  dark  tough  clay  with  lignite 275(  ?) 

Sand,  fine  and  coarse  to  bottom 230(7) 

The  water  has  not  been  analyzed,  but  it  is  not  good  for  boiler  or 
general  industrial  use,  so  that  the  municipal  corporation  which  has 
bought  out  the  old  private  water  company  now  takes  the  town  sup- 
ply from  Forked  Deer  River  and  forces  it  by  two  1 ,000,000-gallon 
Worthington  pumps  into  a  standpipe  27  by  50  feet  in  size  and  12.'> 
feet  above  the  pumps.  The  supply  is  filtered  by  Jackson  mechanical 
filters. 

The  Phoenix  Cotton  Oil  Company  has  a  well,  drilled  in  1899,  at 
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about  the  same  elevation  as  the  town  well,  and  591  feet  deep.  For 
the  upper  200  feet  the  diameter  is  8  inches;  below  that,  6  inches, 
with  a  30-foot  strainer.  The  log,  given  from  memory  by  one  of 
the  proprietors  of  the  mill,  is  as  follows: 

Log  ofweU  ofPhxnix  CoUon  Oil  Company ,  Dyersburg,  Term. 

Depth. 

Feet, 

Clay  and  sand : 200  200 

"  Soapstone' '  or  hard  pipe  clay +350  +550 

White  sand,  mostly  coarse 41  601 

At  200  feet  a  weak  flow  of  water  containing  considerable  mineral 
matter  was  encountered.  The  natural  flow  is  at  first  100  gallons  a 
minute  under  a  head  of  11  feet.  This  flow  decreases  slowly  until  the 
strainer  is  washed  out  by  back  pressure  and  then  resumes  its  original 
volume.  .  The  water  contains  138  parts  per  million  of  mineral  matter, 
114  parts  of  which  are  iron  salts.  The  water  flows  naturally  into  a 
pool,  which  was  at  first  shallow  and  aerated  it  sufficiently  to  cause 
most  of  the  iron  to  be  precipitated.  The  pool  has  lately  been  deep- 
ened and  now  aeration  and  precipitation  are  imperfect  and  a  yellow- 
ish rust-colored  soft  scale  is  deposited  in  the  boilers. 

Another  log  of  these  two  wells  was  given — also  from  memory — 
by  Johnson  and  Fleming,  of  Memphis,  who  drilled  both  wells.  It  is 
as  follows: 

Log  ofweU  ofPhanix  CotUm  OH  Company,  Dyershurgy  Tenn. 

Feet. 

Loess 5 

Fine  sand  and  gravel,  gray-black  in  color 40  or  50 

Silt,  gray  to  black,  full  of  leaves  and  lignite  to  220  feet  from  surface 165  or  175 

Blue  clay,  with  leaves  and  logs 360 

White  pipeclay 20 

White  sand  with  fine  particles  of  lignite  and  iron  pyrite 28 

They  report  the  town  well  as  584  feet  deep  and  the  oil  company's 
as  628.  The  oil  company's  purchase  of  pipe  and  strainer  shows  only 
591  feet. 

West  of  Dyersburg  in  the  bottoms  driven  wells  2  inches  in  diam- 
eter and  10  to  40  feet  deep  are  used.  The  water  is  poor  and  flat  or 
''sweet."  East  of  town,  on  the  upland,  wells  average  about  40  feet 
deep. 

At  Finley  cisterns  are  used  very  largely.. 

At  Lane  there  are  a  few  springs,  several  open  wells,  some  cisterns, 
and  a  number  of  driven  wells  75  to  125  feet  in  depth.  An  approxi- 
mate log  of  one  of  these  is  as  follows: 
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Log  ofwdL  at  Lane,  Tenn. 


Thickness .       Depth . 


35 

X> 

25 

» 

5 

65 

15 

•h: 

10 

^■i 

25 

ir. 

5 

12D 

Feet.  Fai. 

Red  clay,  becoming  lighter  downward 

Blue  clay 

Sand,  fine-grained,  water-bearing ' 

B  lue  clay 

Sand,  coarser,  water-bearing | 

Blue  clay,  somewhat  chalky i 

Sand,  course,  with  gravel,  water-bearing 

The  supply  is  abundant  but  the  water  is  hard. 

At  Laplata  water  is  obtained  from  shallow  wells  that  average  30 
feet  in  depth. 

At  Newbem,  elevation  380  feet,  cisterns  were  formerly  much  used. 
There  is  a  town  system  of  waterworks  deriving  an  abundant  supply 
from  two  wells,  each  165  feet  deep;  one  of  5-inch  diameter,  put  down 
in  1892,  the  other  of  8-inch  diameter,  put  down  in  1897.  The  water 
rises  within  about  70  feet  of  the  surface.  The  supply  is  ample  for  the 
two  pumps,  which  have  a  combined  capacity  of  8,000  gallons  per 
hour.  The  water  is  soft  and  very  good  for  washing.  It  forms  a  little 
soft  scale  in  boilers  which  is  easily  removed  by  a  boiler  com]>ound. 
It  does  not  injure  the  iron,  but  corrodes  brass  connections  rapidly. 
The  health  of  the  town  is  said  to  have  been  materially  improved  by 
the  use  of  this  water.  Typhoid  and  malarial  fevers  especially  have 
decreased  in  frequency.  There  are  other  wells  of  about  the  same 
depth  at  the  Illinois  Central  Railroad  water  tank,  the  ice  plant,  a 
planing  mill,  and  a  flouring  mill. 

A  generalized  section  given  by  Mr.  J.  L.  Holt,  a  Newbem  well 
driller,  is  as  follows: 

Generalized  section  at  Newbem^  Tenn. 

Feel- 
Yellow  clay  (loess) 30d: 

Sand,  fine,  only  a  little  water  in  it  (Lafayette) 4zb 

Joint  clay,  or  soapstone,  bluish  gray * 30-iiD 

Quicksand,  fine,  silty,  down  to  a  total  depth  of  130-150  feet 35-85 

Coarse  yellow  sand,  penetrated 10-15 

At  the  planing  mill,  on  about  the  same  level  as  the  town  well,  no 
joint  clay  was  encountered.  Thirty  feet  of  loess  were  followed  by 
a  quicksand  that  became  coarser  downward  until  the  strainer  was 
set  at  110  feet  depth. 

Two  miles  west  of  Newbern  the  following  record  was  obtained  in 
a  well  made  for  Mr.  Kit  Haskins: 

Log  of  Haskins  well  tiear  Neujbernj  Tenn. 


Clay,  yellowish  on  top 

('lay,  reddish 

Clay,  blue 

Clay,  white 

Sandstones 

Sand,  coarse,  yellow,  penetrated. 


Thickness. '      Depth. 


f. 

Fea. 

50 

,v 

50 

Ui' 

50 

y-* 

45 

IH^ 

2 

157 

13 

2K 

RESOURCES    OP    DYER    COUNTY,   TENN. 


69 


Eight  miles  west  of  Newbern  water  was  obtained  on  the  upland 
for  Mr.  Guy  Fairbanks  at  a  depth  of  156  feet.  The  section  was  as 
follows: 

Log  of  Fairbanks  iveU  near  Newbern,  Tenn. 


Thickness. 

Depth. 

Feet. 

Feet. 

50 

50 

40 

90 

12 

112 

54 

166 

Clay,  yellow  (loeas) •. 

Clay,  blue  (loess  7) 

Sand  and  gravel  with  2-foot  indurated  layer  at  base  (Lafayette  ?) 
Quicksand  with  some  gravel,  penetrated  (Lagrange) 


Five  miles  south  of  Newbern,  on  the  uplands  north  of  Forked 
Deer  River,  a  hard  water  not  fit  for  boiler  use  is  obtained  at  a  depth 
of  about  325  feet.  The  water  rises  to  within  75  feet  of  the  surface. 
The  strata  passed  through  were  as  follows: 

Log  of  well  on  Forked  Deer  River  near  Newbern,  Tenn.  a 


Clay,  yellow  (loess) 

Sand,  very  fine,  doughy 

Clay,  blue,  tough 

Sand,  fine,  blue,  penetrated. 


Thickness. 

Depth. 

Feet. 

Feet. 

40 

40 

100 

140 

85 

225 

100 

325 

a  Figures  are  approximate. 

Along  Obion  River  wells  on  the  first  bottom  average  50  feet  in 
depth.  They  usually  pass  through  blue  mud  from  20  to  50  feet 
thick  and  enter  a  bluish  muddy  sand,  in  which  the  well  is  made. 
Occasionally  a  pocket  of  gravel  is  encountered  beneath  the  blue  mud. 
On  the  second  bottoms^  which  rise  15  to  25  feet  above  the  first  bot- 
toms, and  are  from  4  to  12  miles  wide,  the  average  depth  of  wells  is 
about  110  feet,  and  the  average  record  is,  from  the  top  down,  yellow 
to  gray  clay  (loess),  20  to  40  feet  thick;  blue  mud,  often  very  soft, 
20  to  30  feet  thick;  muddy  quicksand  as  in  first  bottoms.  There  is 
no  Lafayette  gravel  between  the  yellow  clay,  or  loess,  and  the  under- 
lying blue  mud  of  the  Lagrange.  In  the  cutting  of  the  broad  valley 
represented  by  the  second  bottom  the  Lafayette  was  removed;  the 
loess  was  then  laid  down  alike  over  upland  and  valley  floor;  then 
uplift  came  and  the  loess  was  removed  from  the  area  now  occupied 
by  the  streams  and  the  first  or  present  bottom. 

On  the  uplands  east  of  Newbern,  toward  Trenton,  water  is  usually 
soft  and  is  reached  at  about  50  to  55  feet.  In  some  spots,  which  are 
not  necessarily  high  places,  one  must  go  90  or  100  feet  to  obtain  an 
unfailing  supply.  In  this  region  the  loess  soon  thins  out  and  disap- 
pear, and  hence  the  water  is  apt  to  be  soft. 

At  Templeton  driven  wells  range  in  depth  from  30  to  150  feet. 
The  deeper  ones  yield  an  unfailing  supply  of  water  that  is  usually 
soft,  but  in  some  cases  contains  iron  and  other  minerals.     The  water 
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here,  as  elsewhere  in  the  county  at  any  notable  depth,  is  obtained 
from  sands  of  the  Lagrange  formation. 

At  Tennemo,  on  the  Mississippi,  poor  water  is  obtained  from  shal- 
low driven  wells;  river  water  is  also  used. 

At  Tigertail  small  driven  wells  average  about  30  feet  in  depth. 

At  Trimble  there  are  a  few  cisterns,  but  water  is  obtained  mainly 
from  driven  wells  that  range  from  40  to  110  feet  in  depth  and  fur- 
nish a  good  supply.  The  water  in  the  shallow  wells  is  hard;  in  the 
deeper  ones  it  is  somewhat  soft  and  is  used  for  boilers  without  much 
difficulty.  The  loess  is  about  30  or  40  feet  thick  and  is  underlain 
by  a  blue  clay,  often  so  soft  as  to  run,  4  to  10  feet  thick,  followed 
by  a  fine  quicksand,  which  usually  becomes  coarse  enough  at  a  depth 
of  80  to  110  feet  to  make  the  well  there. 

FATETTE    COUNTY. 

Fayette  County  is  in  the  southwestern  part  of  the  area  discussed, 
and  is  bordered  on  the  south  by  the  State  of  Mississippi.  Its  area 
is  618  square  miles.  The  entire  county  drains  into  Wolf,  Loosa- 
hatchie,  and  Hatchee  rivers,  which  are  all  tributary  to  the  Missis- 
sippi. The  larger  part  of  the  area  is  elevated  and  rolling.  In  the 
southeasten  part  of  the  county  there  are  hills  adjacent  to  the  Wolf 
River  valley.  In  the  northwestern  part  the  county  on  either  side 
of  the  Loosahatchie  is  broken  and  hilly.  The  southeastern  part 
of  the  county  is  the  highest.  Lagrange  has  an  elevation  of  531  feet, 
and  elsewhere  in  the  vicinity  elevations  of  550  to  575  feet  are  found. 
The  general  slope  is  westward,  and  the  lowest  elevation,  about  260 
feet,  is  on  the  western  edge  of  the  county,  where  Loosahat<^hie  River 
leaves  it. 

Geology. — The  underlying  formation  is  everywhere  the  Lagrange. 
It  is  exposed  in  many  places  in  the  ravines  and  deep  gullies,  and  con- 
tains clay  beds  that  are  mined  in  a  number  of  places.  The  section 
at  Lagrange,  from  which  place  the  formation  takes  its  name,  is 
given  on  page  36.  It  is  overlain  by  10  to  20  feet  of  orange-colored 
sand  belonging  to  the  Lafayette,  and  this  in  turn  by  a  few  feet  of 
Columbia  sand  or  loam,  or,  in  the  northwestern  part  of  the  county, 
by  the  thin  eastern  edge  of  the  loess. 

Water  resources. — As  a  rule,  springs  are  not  numerous  in  this 
county.  The  Lagrange  consists  here  very  largely  of  sands  which 
absorb  water  freely,  and  contains  comparatively  few  beds  of  clay 
extensive  enough  to  intercept  the  water  in  its  downward  passage 
and  guide  it  to  the  surface  along  their  outcrops  to  form  springs. 
The  water  table  or  ground-water  level  lies  here  farther  from  the  sur- 
face than  is  the  case  either  to  the  east  or  the  west  of  this  outcrop 
belt  of  the  Lagrange.  Springs  are  generally  freestone.  The  depth 
to  water,  which  is  in  many  places  75  to  150  feet,  makes  open  wells 
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expensive  and  inconvenient,  and  so  cisterns  are  largely  used.  Driven 
wells  2  or  3  inches  in  diameter  have  in  recent  years  come  into  use  in 
many  sections.  The  deeper  ones  are  usually  pumped  by  windmills 
or  by  gasoline  or  steam  engines.  The  quality  of  the  water  from  the 
Lagrange  sand  is  generally  good.  Occasionally  a  well  strikes  a 
bed  of  lignitic  material  and  the  water  then  contains  iron  and  sul- 
phur. In  places  weak  flows  may  be  obtained  at  the  base  of  the 
Lafayette.  As  a  rule,  such  water  can  not  be  depended  on  during 
dry  seasons.  It  seems  to  gather  in  little  local  depressions  on  the 
upper  surface  of  the  Lagrange,  being  held  up  by  an  impervious 
crust  of  ironstone,  which  in  places  is  found  at  the  contact  between 
these  two  formations,  but  which  may  be  wanting  within  a  hundred 
yards,  [f  this  impervious  layer  is  penetrated,  the  Lagrange  sand 
beneath  is  generally  found  dry,  and  one  may  dig  50  or  100  feet  deeper, 
or  more,  before  getting  water  in  this  formation.  Water  should  be 
obtainable  anywhere  in  the  Lagrange  at  depths  of  not  more  than 
200  or  250  feet,  and  in  many  places  it  is  found  at  a  depth  considerably 
less.  The  streams  of  the  county  are  numerous  and  except  in  dry 
seasons  have  an  abundant  flow.  Some  of  them  have  considerable 
fall  and  furnish  sites  for  small  mills. . 

At  Canadaville  there  are  no  springs,  but  most  of  the  inhabitants 
use  cisterns.  Some  small  bored  wells,  ranging  from  90  to  140  feet 
in  depth,  yield  an  abundant  supply  of  good  soft  water,  but  in  the 
deeper  wells  it  rises  only  within  125  feet  of  the  surface. 

At  Claxton  only  ordinary  and  driven  wells  are  used.  The  latter 
may  go  75  to  100  feet  deep,  and  the  water  rises  within  about  40  feet 
of  the  surface.     The  water  is  soft  and  the  quantity  ample. 

At  Elba  there  are  a  few  springs.  The  main  water  supply  comes 
from  bored  wells  of  shallow  depth. 

At  Gallaway,  elevation  277  feet,'  a  few  cisterns  are  in  use,  but 
most  of  the  people  have  shallow  wells  that  derive  their  supply  from 
the  Lafayette  sand  beneath  a  loess  covering.  The  water  is  conse- 
quently hard. 

Ina  is  on  an  elevated  plateau  500  feet  above  sea  level.  There 
are  a  few  springs,  but  they  are  usually  weak.  The  principal  water 
supply  is  from  ordinary  pipe  wells  of  small  diameter  that  average 
75  to  1 25  feet  deep  and  furnish  good  soft  water. 

Lagrange  is  on  an  elevated  ridge  532  feet  above  the  sea.  A 
detailed  discussion  of  the  geology  is  given  on  page  36.  Wells  are 
the  main  dependence  for  water.  They  vary  greatly  in  depth.  Some 
find  water  at  1 8  to  20  feet  depth  at  the  base  of  the  Lafayette ;  others 
a  few  hundred  yards  away  go  175  to  213  feet  before  getting  a  supply 
in  the  Lagrange  sand.  The  water  is  soft  and  pure,  but  does  not  rise 
in  the  wells.     Windmills  are  used  for  pumping. 
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At  Lambert  there  are  some  springs  along  the  streams;  on  the 
upland  surface  water  is  obtained  from  ordinary  open  wells. 

At  Macon  most  of  the  water  is  obtained  from  bored  wells  at  depths 
of  from  35  to  100  feet.  There  are  a  few  springs,  but  they  are  along 
the  streams  and  not  convenient  for  use. 

At  Moorman  small  driven  wells  are  largely  used.  One  103  feet 
deep  struck  water  of  good  quality  at  53  feet.  It  is  pumped  by  a 
windmill.     Others  go  as  deep  as  200  feet. 

At  Moscow,  elevation  354  feet,  the  wells  average  30  to  40  feet  in 
depth.  At  that  depth  the  flow  is  weak,  but  below  the  blue  mud 
struck  there  water  is  found  in  abundance  at  depths  of  60  to  80  feet. 
In  the  hills  east  of  town  water  is  reached  at  90  to  100  feet. 

At  New  Kent  there  are  some  wet-weather  springs,  but  water  is 
generally  obtained  from  bored  and  dug  wells.  The  supply  from 
these  is  not  always  satisfactory,  and  many  are  reported  to  have  gone 
dry  after  a  few  years. 

At  Oakland,  elevation  388  feet,  the  wells  are  from  60  to  125  feet 
in  depth.  They  are  pumped  by  hand,  or  by  steam  where  used  for 
industrial  purposes. 

At  Rossville,  elevation  311  feet,  water  is  obtained  from  white  sand 
beneath  a  layer  of  pipe  clay  at  28  to  35  feet.  It  is  soft,  but  contains 
some  iron. 

At  Somerville,  elevation  356  feet,  the^supply  is  furnished  by  open 
wells  and  driven  wells  from  100  to  150  feet  deep.  The  water  rises 
in  some  of  these  within  50  feet  of  the  surface.  It  is  in  several  cases 
reported  hard.     The  supply  is  abundant. 

At  Taylors  Chapel  water  is  obtained  from  some  good  strong 
springs  and  wells  that  range  from  25  to  125  feet  in  depth.  In  many 
places  at  depths  of  30  to  40  feet  a  stratum  of  black  mud  is  struck, 
averaging  about  40  feet  thick  land  furnishing  foul-smelling  water. 
It  is  underlain  by  a  thin  ironstone  layer  and  when  this  is  pierced 
good  water,  that  rises  30  or  40  feet,  is  found  in  abundance.  It  is 
usually  pure,  but  occasionally  contains  some  iron  or  sulphur. 

Yumyum  has  very  few  springs.  Bored  wells  ranging  from  30  to 
40  feet  in  depth  furnish  a  scant  supply,  but  an  abimdance  is  reached 
by  driven  wells  at  depths  of  125  to  200  feet. 

GIBSON    COUNTY. 

Topography, — Gibson  County  is  situated  almost  in  the  center  of 
the  embayment  area  of  western  Tennessee.  Its  shape  is  roughlr 
a  rectangle  from  which  the  northeast  and  southwest  corners  have 
been  removed.  It  is  bounded  on  the  northeast  by  South  Fork  oi 
Obion  River  and  on  the  southwest  chiefly  by  Middle  Fork  of  Forked 
Deer  River.     The  area  is  625  square  miles. 

The  entire  county  is  in  the  Mississippi  drainage  area.     The  surface 
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slopes  gently  to  the  northwest,  and  is  mostly  level  or  slightly  roll- 
ing, for,  as  a  rule,  the  streams  have  not  cut  deeply  below  the  general 
level;  only  in  the  southern  and  eastern  parts  of  the  county  is  the 
surface  broken  or  hilly.  The  stream  valleys  or  flood  plains  are 
usually  wide  and  the  valley  sides  have  moderate  slopes.  The  streams 
do  not  have  much  fall,  but  flow  gently,  and  are  rather  building  up 
their  flood  plains  than  cutting  them  out.  The  greatest  elevation 
is  in  the  southeast  corner,  where  it  reaches  slightly  above  500  feet. 
The  least  elevation  is  about  280  feet,  at  the  point  where  Forked 
Deer  River  leaves  the  western  edge  of  the  county.  The  average 
elevation  of  the  upland  is  about  400  to  425  feet. 

Geology. — The  rocks  that  outcrop  in  Gibson  County  are  the  La- 
grange, the  Lafayette,  and  the  Columbia  loam  and  loess. 

The  Lagrange  underlies  the  entire  county  and  is  the  soiu-ce  of  all 
deep  waters.  Because  of  the  gentle  character  of  the  stream  cutting 
it  is  not  usually  exposed.  It  consists  here  as  elsewhere  of  sands  and 
clays,  the  sands  predominating. 

The  Lafayette  rests  upon  the  Lagrange  on  the  uplands  and  the 
upper  part  of  the  valley  slopes.  It  is  here  chiefly  a  red  loamy  or 
case-hardened  sand  and  contains  very  little  gravel.  It  averages 
perhaps  20  or  30  feet  in  thickness. 

A  few  feet  of  light-colored  Columbia  loam  usually  overlie  the 
Lafayette,  and  it  is  often  hard  to  distinguish  one  formation  from  the 
other.  In  the  northwestern  part  of  the  county  this  loam  appar- 
ently passes  into  the  loess. 

Water  resources, — The  various  tributaries  of  Obion  and  Forked  Deer 
rivers  provide  most  of  the  county  with  water  for  stock.  Some  por- 
tions of  the  county,  however,  are  remote  from  streams  and  there  ponds 
are  dug  in  low  places  to  catch  water.  For  domestic  use  wells  are  the 
most  common  source  of  supply.  To  a  limited  extent  cisterns  are 
used,  especially  in  the  middle  and  western  parts  of  the  county,  on 
the  more  elevated  uplands,  where  w^ells  would  be  in  some  places 
inconveniently  deep.  Along  the  sides  of  the  valleys  springs  occur, 
but  most  of  them  come  from  the  base  of  the  Lafayette  and  have  a 
weak  flow.  The  wells  range  in  depth  from  25  to  35  feet  in  the  low 
grounds  near  the  streams  and  from  100  to  125  feet  on  the  uplands. 
Exceptionally  they  may  reach  200  feet,  as  in  some  places  in  the  ele- 
vated southeastern  part  of  the  coimty.  The  water  is  generally  soft 
where  it  does  not  come  from  the  loess,  which  occurs  in  the  north- 
western part  of  the  county.  It  is  generally  free  from  mineral  matter, 
though  in  places  where  lignitic  beds  are  present  in  the  Lagrange  it 
may  contain  iron  and  sulphur.  Water  in  the  deeper  wells  may  rise 
on  the  uplands  a  good  part  of  the  way  to  the  surface,  while  on  the 
second  bottoms  and  along  the  streams  it  rises  just  to  or  slightly  above 
the  surface.     Many  wells  in  low  places  that  flow  gently  when  first 
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drilled  stop  flowing  after  a  time,  because  of  the  partial  choking  up 
of  the  pores  in  the  sand  around  the  strainer  by  fine  particles  carried 
there  by  the  flow  of  water  to  the  well.  In  such  cases  back  pressure 
by  a  pump  washes  the  sand  clean  and  restores  the  original  flow  for  a 
time. 

At  Bradford,  elevation  366  feet,  water  is  obtained  from  dug  and 
bored  wells  that  vary  in  depth  from  10  feet  in  low  places  to  160  feet 
on  high  ground.  Usually  an  abundance  of  water  may  be  had  at  40 
feet  or  less.     Springs  are  few,  small,  and  weak. 

At  Cades,  elevation  374  feet,  a  black  lignitic  clay  90  feet  thick  is 
struck  at  a  depth  of  about  30  feet.  Beneath  this  is  a  water-bearing 
sand.  In  a  well  140  feet  deep  the  water  stands  30  feet  below  the 
surface. 

About  2  miles  tiorth  of  Cades  the  lignitic  clay  is  absent.  A  well 
on  the  Fletcher  Neal  farm  went  175  feet  through  sand  only  and 
obtained  good  water  at  160  feet,  but  the  water  did  not  rise  above  that 
level. 

At  Clareville  water  is  obtained  chiefly  from  open  and  bored  wells 
of  50  feet  depth  or  less.     There  is  a  sulphur  spring  of  local  note  only. 

At  Dyer,  elevation  358  feet,  both  wells  and  cisterns  are  used.  The 
wells  average  from  20  to  60  feet  in  depth.  Some  of  the  wat«r  is  hard 
and  the  supply  is  usually  not  large.  One  well  is  reported  200  feet 
deep,  but  no  further  data  concerning  it  could  be  had.  A  mile  west 
of  town  there  is  a  strong  spring  of  pure  soft  water  that  has  deter- 
mined the  location  near  it  of  a  Methodist  camp-meeting  ground. 

At  Eaton  there  are  few  springs  except  along  the  edge  of  the  Forked 
Deer  bottom.     Wells  range  from  20  to  40  feet  in  depth. 

At  Edmonds  a  plentiful  supply  of  good  water  is  obtained,  mostly 
from  small  bored  wells.  There  are  a  few  open  or  dug  wells.  The 
depths  of  all  are  moderate. 

At  Gibson,  elevation  389  feet,  the  bored  wells  range  from  20  to 
100  feet  in  depth,  though  the  average  is  about  60  feet.  In  the  deej)er 
wells  water  rises  20  or  30  feet. 

At  Hooten  there  are  a  few  springs.  Most  people  have  bored  or 
dug  wells  that  reach  an  abundant  supply  of  water  at  from  20  to  40 
feet. 

At  Lane  view  open  and  small  bored  wells  range  in  depth  from  50 
to  130  feet.  In  a  128-foot  well,  the  water  stands  110  feet  from  the 
surface. 

At  Lonoke  ordinary  wells  range  from  15  to  100  feet  in  depth, 
according  to  location;  and  small  pipe  wells  from  100  to  300  feet. 
The  water  is  soft,  but  in  some  of  the  deeper  wells  contains  iron  or 
sulphur. 

At  Medina,  elevation  502  feet,  it  is  necessary  to  go  to  a  depth  of 
from  100  to  200  feet  for  water,  and  sometimes  even  at  the  latter  depth 
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the  Lagrange  sands  fail  to  furnish  a  supply.  The  water  is  soft  and 
pure  where  obtained. 

Milan,  elevation  421  feet,  is  underlain  by  about  20  or  22  feet  of  red 
Lafayette  sand,  below  which  in  a  part  of  the  town  is  found  a  pipe 
clay  43  feet  thick,  while  elsewhere,  especially  in  the  eastern  part  of 
town,  instead  of  pipe  clay  a  very  dark  or  black  lignitic  clay  is  struck. 
This  black  clay  occurs  3  or  4  miles  north  of  town  and  for  the  same 
distance  south.  It  reaches  a  thickness  iiT  places  of  70  to  90  feet. 
Under  it  are  2  to  7  feet  of  yellow  clay,  then  a  3  or  4  inch  ironstone 
crust,  easily  broken  by  an  iron  bar.  Below  either  the  pipe  clay  or 
the  ironstone  is  found  a  soft  sand  which  varies  in  texture  but  often 
contains  in  its  upper  part  some  fine  gravel.  This  sand  is  water- 
bearing and  has  been  explored  to  a  depth  of  200  feet  from  the  surface. 
The  town  corporation  has  two  6-inch  wells,  each  113  feet  deep,  with 
20-foot  No.  6  Cook  strainers.  The  water  rises  within  20  feet  of  the 
surface.  It  is  pumped  into  a  large  cistern  or  reservoir  and  is  forced 
thence  into  the  mains  under  a  service  pressure  of  40  to  45  pounds 
and  a  fire  pressure  of  100  to  125  pounds.  The  water  is  very  clear 
and  is  said  to  be  good  for  all  purposes.  It  forms  in  boilers  a  very 
small  amount  of  soft  scale.  The  pumps  have  a  capacity  of  500,000 
gallons  per  day.  The  actual  daily  consumption  averages  60,000 
gallons.  Open  wells  get  surface  water  at  the  base  of  the  Lafayette 
at  depths  of  20  to  25  feet.  This  water  is  usually  unsatisfactory  and  the 
best  open  or  pipe  wells  are  from  65  to  90  feet  deep.  They  tend  to 
fill  up,  however,  with  the  fine  soft  sand  in  which  they  stop.  On  the 
higher  hills  in  the  vicinity  the  wells  go  100  or  125  feet  deep,  and  in 
such  localities  an  occasional  cistern  is  found.  Elsewhere  in  this 
vicinity  cisterns  are  not  used. 

At  Neboville  there  are  along  the  water  courses  some  small  springs 
that  are  used  for  stock.  Wells  average  from  40  to  80  feet  in  depth. 
The  water  is  generally  soft. 

At  Rutherford  water  is  obtained  from  dug  wells  50  to  70  feet  deep; 
it  is  reported  hard  in  some  cases.  Driven  or  pipe  wells  averaging 
about  160  feet  in  depth  are  also  used. 

At  SkuUbone  there  are  no  springs;  water  is  obtained  from  open 
or  bored  wells,  some  of  which  are  90  feet  deep,  with  the  water  stand- 
ing 70  feet  from  the  surface. 

At  Trenton,  elevation  315  feet,  a  town  supply  is  obtained  from  four 
4-Lnch  wells  119,  147,  152,  and  165  feet  deep,  and  two  6-inch  wells 
130  and  165  feet  deep.  In  the  130-foot  well  the  strainer  is  24  feet 
long;  in  the  others  16  feet.  Five  are  in  a  row  only  22  feet  apart;  the 
sixth  is  40  feet  distant  from  this  row.  As  a  consequence  they  inter- 
fere with  each  other.  They  have  a  combined  natural  flow  under  a 
head  of  about  2  feet  of  90  gallons  per  minute.  Except  in  case  of 
fire  and  during  July,  August,  and  September,  when  daily  consump- 
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tion  is  at  a  maximum,  the  natural  flow  is  adequate  for  all  purposes. 
The  two  pumps  have  each  a  capacity  of  250,000  gallons  per  day  and 
force  the  water  into  the  mains  under  a  service  pressure  of  45  pounds 
per  square  inch.  The  water  is  very  clear  and  pure  and  since  1897, 
when  the  system  was  installed,  the  health  of  the  town  has  notably 
improved,  fevers  especially  showing  a  marked  decrease.  In  sinking 
the  wells  1 5  feet  of  a  second-bottom  deposit  of  sandy  clay  was  first 
passed  through  and  then  a  water-filled  sand  which  extends  down  1 5.^ 
feet  and  is  followed  by  1  foot  of  sand  ironstone  and  that  by  a  light- 
colored  pipe  clay  which  was  not  explored  further.  The  sand  in 
which  the  strainers  were  set  is  very  fine  and  some  gets  through  even 
a  No.  6  Cook  strainer,  so  that  as  little  pumping  as  possible  is  done. 
Common  open  wells  in  town  run  from  20  to  40  feet  deep,  and  some  cis- 
terns are  still  in  use.  These  are  now  generally  filled  from  the  city 
mains  and  during  the  hot  months  keep  the  water  cooler  than  it  is  in 
the  mains.  A  stave  mill,  a  fourth  of  a  mile  north  of  the  town  well* 
has  a  4-inch  well  147  feet  deep,  with  a  record  similar  to  the  town 
wells.  In  the  surrounding  country  the  open  wells  vary  from  20  or  25 
feet  in  depth  in  the  stream  valleys  to  100  feet  on  the  uplands.  Some 
cisterns  are  in  use. 

At  Yorkville  there  is  a  mineral  spring  of  some  local  repute. 

HAEDEMAN    COUNTY. 

Topography. — Hardeman  County  adjoins  the  State  line  on  the 
south  and  is  almost  halfway  between  Tennessee  and  Mississippi 
rivers.  It  is  quadrangular  in  shape,  with  a  small  irregularity  in  the 
northeast  comer.  Its  area  is  655  square  miles.  The  central  and 
western  parts  of  the  county  are  gently  rolling  and  the  northern,  east- 
ern, and  southern  parts  are  broken  and  hilly.  The  coimty  is  drained 
almost  entirely  by  Hatchee  River  and  its  tributaries.  The  course  of 
the  Hatchee  is  from  southeast  to  northwest  through  the  center  of  the 
county,  and  its  tributaries  on  either  side  have  their  general  courses 
almost  at  right  angles  to  the  main  stream.  The  most  elevated  part 
of  the  county  is  the  southwestern,  where  the  higher  ridges  or  remnants 
of  the  former  plateau  surface  reach  altitudes  of  slightly  over  600  feet, 
and  the  general  elevation  is  between  500  and  600  feet.  The  rest  of 
the  county  averages  between  400  and  500  feet.  The  lowest  point  is 
about  300  feet,  where  the  Hatchee  leaves  the  county.  The  general 
surface  slope  is  northward  or  northwestward. 

Geology. — The  geologic  formations  of  Hardeman  County  are  the 
Ripley,  Porters  Creek,  I^agrange,  Lafayette,  and  Columbia. 

The  Ripley  is  found  only  in  a  narrow  belt  along  the  extreme  eastern 
edge  of  the  county,  east  of  Muddy  Creek  near  Middleton  and  ea^it 
of  Crainesville.  It  has  its  usual  character,  consisting  of  soft  light- 
colored  or  variegated  sands  with  occasional  thin  day  lenses. 
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The  Porters  Creek  overlies  the' Ripley  and  succeeds  it  to  the  west 
as  a  surface  formation.  It  runs  through  the  eastern  part  of  the 
county  in  a  direction  slightly  east  of  north  in  a  belt  that  averages 
from  6  to  9  miles  wide.  Its  eastern  edge  along  the  Southern  Rail- 
"wsLj  is  just  east  of  Muddy  Creek  near  Middleton  and  passes  through 
Crainesville.  Its  western  edge  may  be  seen  on  the  road  from  Bolivar 
to  Crainesville  just  east  of  the  bridge  over  the  Hatchie.  Much  of  it 
is  a  fine  clay,  ashen  gray  when  dry  but  darker  when  wet,  and  is  pop- 
ularly known  as  soapstone.  A  more  sandy  phase  is  sometimes 
known  as  alum  earth. 

The  Lagrange  lies  west  of  the  Porters  Creek  belt  and  underlies  all 
of  the  central  and  western  parts  of  the  county.  While  predomi- 
nantly of  sand,  it  contains  lenses  of  plastic  clay  and  occasional  beds 
of  lignitic  material. 

The  Lafayette  has  its  usual  character,  being  a  surface  veneer  of 
orange-red  sand  found  on  the  higher  levels,  10  to  perhaps  40  feet 
thick.  Over  it  in  places  may  be  discriminated  5  to  10  feet  of  lighter- 
colored,  softer  sand  representing  the  Columbia. 

Water  resources. — The  county  is  naturally  well  watered.  Streams 
are  found  everywhere  within  short  distances  and  furnish  ample  sup- 
plies for  stock.  Their  flow  is  fairly  constant,  since  most  of  the  water 
comes  from  sandy  formations  that  furnish  an  almost  unfailing  sup- 
ply. Many  bold  springs  of  good  freestone  water  flow  from  the  sands 
of  the  Lafayette,  the  Lagrange,  or  the  Ripley.  The  springs  from  the 
Porters  Creek  ''soapstone'*  clay  are  weak  and  the  water  is  usually 
astringent  from  alum  and  iron.  Wells  in  the  sands  obtain  good 
water.  Where  the  Lafayette  is  locally  thick  wells  often  reach  water 
in  its  lower  part  above  an  iron  crust  or  hardpan  separating  it  from 
the  underlying  formation.  The  quantity  of  this  Lafayette  water  is 
limited  and  during  dry  seasons  it  may  fail  altogether.  Further- 
more, it  is  surface  water  and  so  is  liable  to  contamination.  The 
Lagrange  furnishes  good  pure  water  except  where  lignitic  beds 
locally  occur.  There  it  contains  iron,  sulphur,  or  alum  to  some 
extent.  The  depth  at  which  water  may  be  obtained  in  it  varies 
largely  with  the  topography.  On  the  uplands  it  is  generally  neces- 
sary to  go  from  75  to  150  feet.  In  a  belt  of  very  porous  dry  sands  in 
this  formation  that  extends  2  or  3  miles  on  either  side  of  Grand 
Junction  and  runs  northeastward  to  Hickory  Valley  and  beyond  it 
is  often  necessary  to  go  200  feet  or  more.  In  such  places  and  also  in 
the  area  underlain  by  the  Porters  Creek  clay  cisterns  are  often  used. 
The  Porters  Creek  furnishes  unsatisfactory  water.  It  is  hard  and 
contains  iron  and  alum.  The  odor  in  some  cases  is  so  disagreeable 
that  even  stock  will  not  touch  it,  and  the  supply,  even  where  the 
water  is  of  tolerable  quality,  is  usually  small.  In  many  cases  open 
wells,  which  are  usually  dug  less  than  100  feet,  fail  to  obtain  water. 
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At  Forked  Deer  there  are  only  a  few  springs,  and  wells  40  or  50 
feet  deep  yield  very  hard  water.  Good,  soft  water  is  obtained  at 
depths  of  100  or  150  feet  in  sand  beneath  blue  clay.  The  log  of  Mr. 
J.  W.  Pearson's  well  is  as  follows : 


Log' of  Ptarson  welly  Forked  Deer,  Tenn. 


Surface  saod  and  clay  (loess?) 

Sand,  water  bearing  (Lafayette) 

Clay,  blue 

Sana,  coarso,  water  bearing,  entered 
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Depth. 
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Fett, 

40 

m 

5 

45 

95 

14n 

10 

IjO 

At  Ged  open  wells  are  chiefly  used  and  run  25  to  40  feet  deep, 
getting  water  from  about  the  base  of  the  Lafayette,  or  close  beneath 
it.  The  water  is  generally  soft,  though  in  some  wells  it  is  hard  owing 
to  the  loess-like  surface  loam.  A  number  of  2-inch  wells  have  been 
sunk  to  80  feet  in  sand  that  becomes  coarser  until  at  that  depth  a 
strainer  can  keep  it  out.  Half  a  mile  away  Mr.  Columbus  Hinkle 
has  on  high  ground  a  2-inch  well  247  feet  deep.  The  water  is  soft, 
rises  to  within  60  feet  of  the  surface,  and  is  used  for  boiler  purposes. 
The  blue  clay  shown  by  the  log  is  found  over  much  of  the  county,  and 
has  in  many  places  just  above  it  a  bed  of  lignite  several  feet  thick. 
The  log  is  as  follows : 

Log  of  Hinkle  weUy  Ged,  Tenn, 


Thickness,       Depth. 


Clay  and  sand,  variegated,  mixed 

Sand,  fine,  with  water 

Llgni  te 

Clay,  blue  (to  240  feet  from  surface) 

Sana,  coarso,  gray,  water  bearing  (penetrated) 
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Two  miles  east  of  Ged  a  well  being  driven  for  Mr.  Jim  Livingston 
had  the  following  log: 

Log  of  Livingston  loeU  near  Oed,  Tenn, 


Surface  sand  and  clay 

Sand 

Sand,  quick 

Lignite 

Clay,  blue 

Sand,  water  bearing,  thin,  just  entering. 


ThickDess.       Depth. 
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At  Hanley  there  are  no  springs.     Water  is  obtained  from  ordinary 
open  and  small  pipe  wells.     It  is  generally  good. 
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Log  ofwdL  at  Orand  Junction^  Tenn, 

Feet. 

Clay,  sandy,  red  (Lafayette) 12 

Clay,  fine,  white,  plastic : 22 

Sand,  white,  clean,  sharp 20 

Clay,  white,  as  above 2 

Sand,  light  red,  coarse  at  top  and  bottom  (penetrated) 139 

Water  was  struck  at  152  feet,  but  did  not  rise.  At  195  feet  the 
sand  was  coarse  enough  to  set  the  strainer.  This  well  is  pumped  by 
steam.  The  145-foot  well  belonging  to  the  town  is  pumped  with 
difficulty  by  hand  and  is  not  much  used. 

At  Hickory  Valley,  elevation  566  feet,  shallow  wells  have  an  aver- 
age depth  of  about  60  feet.  They  are  not  always  reliable  and  may 
go  dry;  many  of  them  have  been  abandoned  for  cisterns  or  for  deep 
tubular  wells  that  range  from  150  to  210  feet  in  depth  according  to 
the  topography.  In  some  the  water  is  very  good  and  pure;  in 
others  it  contains  some  iron.  Similar  conditions  as  to  depth  and 
quality  prevail  for  3  miles  east  and  3  miles  west  of  town.  Five 
miles  to  the  east  springs  are  numerous  and  wells  average  only  30  or 
35  feet  deep. 

At  Middleburg,  elevation  537  feet,  wells  range  in  depth  from  25 
feet  in  the  base  of  the  Lafayette  to  180  feet  in  the  underlying 
Ijagrange.     Water  is  abundant  and  soft. 

At  Middleton,  elevation  407  feet,  water  is  rarely  found  above  the 
dark  Porters  Creek  clay,  which  is  reached  at  a  depth  of  15  or  20  feet. 
Wells  average  20  or  25  feet  in  depth  and  furnish  poor  to  fair  water. 
One  well  102  feet  deep  was  abandoned  in  the  Porters  Creek  clay 
without  finding  water,  when  perhaps  50  feet  more  would  have 
carried  it  into  the  underlying  Ripley  sand,  where  a  good  supply  of 
soft  water  that  would  rise  much  of  the  way  to  the  surface  could  have 
been  expected.  Cisterns  are  used  to  some  extent,  though  in  the 
main  the  people  endure  the  poor  water  from  the  Porters  Creek  clay. 
It  is  surprising  that  no  one  has  drilled  through  this  into  the  Ripley, 
which  at  the  farthest  should  be  found  at  less  than  200  feet  from  the 
surface. 

At  Newcastle  the  wells  average  100  feet  in  depth. 

At  Pocahontas,  elevation  394  feet,  a  water  supply  is  obtained 
from  wells  that  average  25  or  30  feet  in  depth.  In  the  hills  near  by 
wells  reach  100  feet  or  more  in  depth.  The  water  is  soft  and  comes 
from  the  Ripley  sand. 

At  Rogers  Springs  the  ^^soapstone'^  occurs  near  the  surface.  A 
little  water  of  poor  quality  is  obtained  in  its  upper  part  about  35  to 
40  feet  from  the  surface.  An  exploratory  hole  80  feet  deep  failed 
to  find  other  water. 

Saulsbury,  elevation  534  feet,  is  situated  on  the  thin  eastern  part 
of  the  Lagrange,  which  is  capped  on  the  higher  levels  by  about  20 


80      tTNDEBGBOUND   WATERS:    TENNESSEE,   KENTUCKY,   II.LIXOIS. 

feet  of  Lafayette  sand.  Water  is  usually  obtained  in  Lagrange 
sand  at  depths  of  85  to  90  feet.  Two  miles  south  of  town  the  Porters 
Creek  clay  is  struck  at  110  feet,  and  a  mile  west  of  town  at  130  feet. 
Walter  was  obtained  in  moderate  quantities  just  above  the  claj-. 

At  Toone,  elevation  392  feet,  water  is  obtained  from  wells  and 
springs.     Wells  range  from  20  to  100  feet  in  depth. 

At  Whiteville,  elevation  500  feet,  bored  wells  range  in  depth  fn)m 
50  to  140  feet,  most  of  them  from  100  to  125  feet.  The  quality  and 
quantity  of  the  water  are  both  good. 

HARDIN    COUNTY. 

Topography, — Hardin  County  lies  at  the  southeast  comer  of  the 
area  discussed  in  this  paper,  and  is  bounded  on  the  south  by  Missis- 
sippi and  Alabama.  Its  area  is  587  square  miles.  Only  a  part  of 
the  county, is  within  the  embayment  area,  about  two-thirds  being 
east  of  Tennessee  River.  West  of  the  Tennessee  there  are  small 
areas  of  Paleozoic  rocks  where  the  river  enters  and  leaves  the  county. 
The  western  part  of  the  county  slopes  eastward  and  is  drained  hv 
numerous  small  streams  into  the  Tennessee.  Along  these  streams 
the  surface  has  been  cut  by  erosion  into  hills.  Away  from  the 
streams  much  of  the  surface  is  gently  rolling.  The  highest  portions 
are  along  the  western  boundary  and  average  about  500  or  525  feet 
in  elevation.  The  lowest  point,  about  350  feet,  is  at  low  water  on 
the  Tennessee  where  it  leaves  the  county. 

Geology. — ^The  formations  outcropping  in  this  county  are  the 
Eutaw  sand,  Selma  clay,  and  Lafayette. 

The  Eutaw  sand  lies  immediately  west  of  Tennessee  River  in  the 
middle  part  of  its  course  across  the  county  and  is  well  exposed  at 
Coffee,  Crump,  and  Pittsburg  Landing.  A  section  at  Coffee  Bluff  is 
given  on  page  24.  The  Eutaw  is  found  just  beneath  the  Lafayette 
over  all  of  the  area  except  a  narrow  strip  in  the  western  and  north- 
western parts,  which  is  underlain  by  the  leaden-colored  clays  and 
shell  marl  of  the  Selma.  Over  both  of  these  formations  is  spread  a 
thin  veneer  of  Lafayette,  which  is  still  intact  on  much  of  the  upland 
surface,  but  has  been  removed  on  the  stream  slopes.  It  contAiii^ 
much  chert  gravel  and  is  usually  highly  ferruginous. 

Water  resources. — Springs  are  numerous  along  the  lower  slopes  of 
the  hills.  Those  from  the  Selma  clay  are  more  or  less  impregnated 
with  lime,  while  those  from  the  Eutaw  sand  may  be  free  from  min- 
eral matter  or  may  contain  iron  and  sulphur.  Springs  in  the  slight 
depressions  occurring  in  the  more  elevated  rolling  portions  of  the 
county  are  from  the  base  of  the  Lafayette  and  are  apt  to  be  weak. 
Streams  are  numerous  but  as  a  rule  small.  In  the  Eutaw  are-a  welb 
are  usually  open  or  bored,  and  var}'  from  30  to  70  feet  in  depth,  the 
deeper  ones  being  on  the  bluffs  near  the  river.     In  the  Selma  area  it 
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is  necessary  either  to  bore  through  the  clay  200  feet  or  more  in  order 
t<>  reach  good  water  in  the  underlying  Eutaw  sand  or  to  stop  in  the 
Lafayette  before  the  Selma  is  reached,  provided  the  Lafayette  is 
thick  enough  to  reach  below  permanent  ground-water  level  and  fur- 
nish a  supply.     Cisterns  are  but  little  used. 

At  Crump  water  is  obtained  from  some  good  strong  springs  and 
from  numerous  wells,  averaging  50  to  70  feet  in  depth.  The  water 
at  this  depth  comes  from  the  upper  part  of  the  Eutaw  formation  and 
is  abundant  and  good. 

At  Hamburg,  in  the  Tennessee  River  Valley,  water  is  obtained 
from  shallow  wells  sunk  in  the  alluvial  deposits.  The  quality  is  fair 
to  good. 

At  Hurley  there  are  several  springs  that  furnish  chalybeate  water 
and  open  wells  60  to  70  feet  deep  that  furnish  good  water  from  the 
Eutaw  sand. 

At  Morris  Chapel  soft  water  is  obtained  from  the  Eutaw  formation 
by  wells  from  15  to  50  feet  deep.     The  average  depth  is  40  to  45  feet. 

At  Pittsburg  Landing,  in  the  Shiloh  National  Park,  wells  pass 
through  10  feet  of  Lafayette  surface  clay,  15  to  20  feet  of  Lafayette 
gravel,  partly  cemented  by  iron,  and  into  the  Eutaw  sand  to  a  total 
depth  of  from  40  to  70  feet,  where  good  pure  water  is  obtained. 
From  Pittsburg  Landing  westward  for  some  miles  open  wells  averag- 
ing 40  to  50  feet  in  depth  and  drawing  from  the  Eutaw  sand  are  the 
chief  water  supply. 

HAYWOOD   COUNTY. 

Topography, — Haywood  County  is  situated  somewhat  southwest 
of  the  center  of  the  embayment  area  of  western  Tennessee.  It  is 
roughly  quadrangular  in  shape,  its  northern  boundary,  however, 
being  quite  sinuous,  partly  because  a  portion  of  it  is  formed  by  South 
Fork  of  Forked  Deer  River.  Its  area  is  520  square  miles.  The 
surface  is  a  gently  undulating  plain  with  an  average  elevation  of 
about  325  feet.  Although  the  county  is  drained  into  the  Mississippi 
by  two  northwestward-flowing  streams — South  Fork  of  Forked  Deer 
River  on  the  northern  border  and  the  Hatchee  across  the  southern 
half — the  general  surface  does  not  slope  to  the  northwest,  but  instead 
falls  gently  north  or  south  toward  one  or  the  other  of  these  two 
streams.  The  divide  between  them  is  low  and  undulating  and  runs 
east  and  west,  passing  through  Brownsville.  Stream  cutting  is 
nowhere  deep,  for  the  stream  slopes,  and  consequently  stream  veloc- 
ities, are  uniformly  slight.  Another  consequence  of  the  absence  of 
abrupt  ravines  is  that  springs  are  rare  and  usually  weak  and  worthless. 

Geology, — The  entire  county  is  underlain  by  the  Lagrange  forma- 
tion, which  is  reached  in  wells  at  depths  rarely  greater  than  25  to  50 
feet,  but  which  seldom  are  exposed  in  natural  cuttings,  the  stream 
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valleys  being  so  shallow.  Over  the  Lagrange  are  10  to  20  feet  of 
Lafayette  red  sand  or  sandy  clay,  covered  by  5  to  12  feet  of  light- 
colored  loam  that  westward  from  Brownsville  rapidly  assumes  a 
loess-like  character,  so  that  in  a  few  miles  it  might  very  properly  be 
called  loess. 

Water  resources. — Springs  are  few  and  weak,  and  as  is  source  of 
water  supply  are  practically  negligible.  During  dry  weather  thej 
fail  entirely.  The  numerous  small  streams  that  flow  freely  during 
the  winter  also  go  dry  during  the  summer  and  autumn.  Artificial 
ponds  or  deep  wells  are  used  for  watering  stock.  The  domestic  sup- 
ply is  obtained  from  cisterns,  ordinary  wells,  and  deep  wells,  and  the 
latter  are  rapidly  coming  into  use  also  for  industrial  purposes.  Most 
of  the  deep  wells  are  of  about  2-inch  diameter,  but  vary  considerably 
in  depth.  Perhaps  a  majority  are  between  80  and  150  feet  deep,  but 
some  go  225  or  250  feet.  The  difference  in  depth  is  partly  attributa- 
ble to  differences  in  surface  elevation,  those  on  hills  going  deeper 
than  those  on  lower  ground,  and  partly  to  differences  in  texture  of 
the  sands,  which  may  make  it  necessary  to  go  to  considerable  depths 
after  water  is  reached  before  sand  coarse  enough  to  be  checked  by  a 
strainer  is  found.  All  the  wells  are  in  Lagrange  sand  and,  except 
where  lignitic  beds  are  encountered,  furnish,  as  a  rule,  good,  soft 
water. 

At  Belle  Eagle  water  is  obtained  from  springs  and  ordinary  open 
wells,  some  of  which  reach  70  feet  in  depth. 

Brownsville,  on  the  divide  between  the  two  main  drainage  systems 
of  the  county,  has  an  elevation  of  344  feet.  Previous  to  the  intro- 
duction of  a  system  of  waterworks  private  wells  and  cisterns  furnished 
the  water  supply.  In  the  western  part  of  town  wells  averaging  30  or 
40  feet  in  depth  gave  good  water  and  were  exclusively  used.  In  the 
eastern  part  of  town  wells  are  80  feet  deep,  though  water  is  not 
always  obtained  at  that  depth  even,  and  the  water  is  of  only  fair 
quality  owing  to  mineral  matter  contained  in  it.  In  this  part  <)f 
town  cisterns  are  largely  used.  Since  the  introduction  of  waterworks 
many  have  abandoned  their  wells  and  cisterns  and  use  the  town 
water.  This  is  obtained  from  two  wells  6  and  8  inches  in  diameter. 
respectively,  each  230  feet  deep.  They  were  originally  only  116  feet 
deep,  but  the  sand  at  that  depth  was  so  fine  that  it  entered  through 
even  the  finest  strainer  slots  and  rapidly  cut  out  the  pump  valves.  Br 
deepening  to  230  feet  coarser  sand  was  found.  The  water  is  raised 
by  air  lift  into  a  reservoir,  whence  it  is  forced  either  into  a  tank  that 
gives  a  service  pressure  of  45  pounds,  or  directly  into  the  mains  under 
about  three  times  this  pressure  for  fire  purposes.  By  the  air  lift 
500,000  gallons  per  day  can  be  pumped.  The  average  daily  con- 
sumption is  150,000  gallons.  There  are  two  pumps  for  forcing  into 
the  tank  or  mains  of  500,000-gallon  capacity  each.     The  water  is 
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very  good  for  general  purposes  and  for  boiler  use,  though  it  forms  a 
small  amount  of  hard  scale.  No  log  or  analysis  could  be  obtained. 
According  to  one  statement  it  rises  to  within  30  feet  of  the  surface; 
to  another,  47i  feet.     The  latter  is  probably  the  more  accurate. 

The  electric  light  and  ice  company  has  a  well  130  feet  deep,  but  the 
water  foams  in  boilers  and  is  used  only  for  the  ammonia  condensers. 
Town  water  is  used  for  the  boilers. 

BlackwelFs  lumber  mill  has  a  2-inch  well  138  feet  deep  that  is  used 
for  supplying  the  boilers.  The  water  rises  to  within  45  or  50  feet  of 
the  surface.     The  log,  from  memory,  is  as  follows: 

Log  of  weU  at  BlacTcweWs  lumber  miU^  BrownavilUy  Tenn, 


Depth. 


Surface  sand  and  clay  (Lafayette  and  Columbia) 

Sand 

Clay,  blue,  tough 

Sand ,  coarse ,  gray 


FeeL 


64 

130 
138 


Chester's  Hardwood  Lumber  Company  has  a  3-inch  well  109  feet 
deep,  with  the  surface  of  the  water  at  the  same  level  as  in  the  Black- 
well  well.     Its  log  is  as  follows: 

Log  cfweU  ofChetter'a  Hardtoood  Lumber  Company,  BroumsvUUy  Tenn. 


Depth. 


Soil 

Clay,  blue 

Sand,  with  some  clay 
Sand,  coarse 


Feet, 


15 
86 
100 
109 


The  ground-water  level  is  about  45  feet  below  the  surface  in  these 
wells,  and  the  largest  element  of  uncertainty  and  the  one  on  which 
the  depth  of  the  well  in  any  given  case  here  or  elsewhere  in  town 
chiefly  depends  is  the  depth  to  sand  coarse  enough  to  be  kept  out  of 
the  strainers. 

At  Dancyville  there  are  no  springs  of  consequence.  Wells  are 
from  40  to  100  feet  deep.  Blue  mud  is  often  struck,  and  the  water 
from  it  is  poor,  but  when  it  can  be  obtained  in  the  sand  above  the 
blue  mud  it  is  of  better  quality.  Cisterns  are  largely  used.  Two 
miles  west  of  town  a  2-inch  well  was  sunk  through  sand  and  clay  60 
feet  into  a  water-bearing  sand  that  grew  coarser  to  the  bottom  at 
130  feet.     The  water  is  soft  and  is  raised  by  a  windmill. 

At  Eurekaton  there  are  no  springs  or  shallow  wells  except  along 
the  creek  or  river  bottoms.  Upland  wells  range  from  75  to  125  feet 
in  depth. 
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At  Forked  Deer  there  are  only  a  few  springs,  and  wells  40  or  50 
feet  deep  yield  very  hard  water.  Good,  soft  water  is  obtained  at 
depths  of  100  or  150  feet  in  sand  beneath  blue  clay.  The  log  of  ilr. 
J.  W.  Pearson's  well  is  as  follows : 


Log' of  Ptaraon  loeH,  Forked  Deer^  Tenn. 


Surface  sand  and  clay  (loess?) 

Sand,  water  bearing  (Lafayette) 

Clay,  blue 

Sand,  coarse,  water  bearing,  entered 


Thickness. 

DeptiL 

Fed. 

Fnt. 

40 

« 

5 

43 

95 

If 

10 

IJU 

At  Ged  open  wells  are  chiefly  used  and  run  25  to  40  feet  deep, 
getting  water  from  about  the  base  of  the  Lafayette,  or  close  beneath 
it.  The  water  is  generally  soft,  though  in  some  wells  it  is  hard  owing 
to  the  loess-like  surface  loam.  A  number  of  2-inch  wells  have  been 
sunk  to  80  feet  in  sand  that  becomes  coarser  until  at  that  depth  a 
strainer  can  keep  it  out.  Half  a  mile  away  Mr.  Columbus  Hinkle 
has  on  high  ground  a  2-inch  well  247  feet  deep.  The  water  is  soft, 
rises  to  within  60  feet  of  the  surface,  and  is  used  for  boiler  purposes. 
The  blue  clay  shown  by  the  log  is  found  over  much  of  the  county,  and 
has  in  many  places  just  above  it  a  bed  of  lignite  several  feet  thick. 
The  log  is  as  follows: 

Log  of  Hinkle  weUy  Oed,  Tenn, 


Clay  and  sand,  variegated,  mixed 

Sand,  fine,  with  water , 

Lignite 

Clay,  blue  (to  240  feet  from  suriface) 

Sana,  coarse,  gray,  water  bearing  (penetrated) 


Thickness.  1      Depth. 


Feet.       ' 

Feet 

60      , 

ti\ 

18± 

7^* 

4       ' 

S2 

158±   1 

2tu 

7      1 

24:r 

Two  miles  east  of  Ged  a  well  being  driven  for  Mr.  Jim  Livingston 
had  the  following  log: 

Log  of  Livingston  well  near  Oedy  Tenn, 


Surface  sand  and  clay 

Sand 

Sand,  quick 

Lignite 

Clay,  blue 

Sand,  water  l)earing,  thin,  just  entering. 


Thickness.       Depth. 


FecL  Feet 

20 

ao 

20  ' 

4 
186  i  > 


U 


At  Hanley  there  are  no  springs.     Water  is  obtained  from  ordinan 
open  and  small  pipe  wells.     It  is  generally  good. 
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At  Harvey  there  are  a  few  small  springs  of  no  consequence.  The 
water  supply  is  from  ordinary  wells  averaging  65  to  70  feet  and  deep 
or  bored  wells  100  to  125  feet  deep.     Water  is  good  and  soft. 

At  Jones,  elevation  325  feet,  an  abundance  of  water  rises  nearly  to 
the  surface  from  a  depth  of  about  75  feet. 

At  Keeling  there  are  no  springs.  Wells,  either  open  or  small  pipe, 
furnish  soft  water  and  range  from  30  to  60  feet  in  depth.  In  one 
well  96  feet  deep  the  water  rises  within  46  feet  of  the  surface. 

At  Koho  there  are  numerous  springs  and  wells  averaging  in  low 
places  20  feet  deep. 

At  Rein,  elevation  364  feet,  water  is  obtained  from  dug  or  bored 
wells  that  range  from  25  to  100  feet  in  depth. 

Near  Rudolph,  in  the  edge  of  the  Forked  Deer  bottom,  a  2-inch 
well  for  the  Hatchie  Lumber  Company  passes  through  tough  alluvial 
clay  32  feet,  fine  sand  5  feet,  lignite  4  feet,  blue  clay  24  feet,  coarse 
sand  with  soft  water  5  feet. 

At  Stanton  Depot,  elevation  290  feet,  water  is  obtained  from  small 
pipe  wells  that  average  about  140  feet  in  depth.  The  town  well 
has  the  following  log: 


Log  of  town  well  at  Stanton  Depot,  Tenn. 

Thickness. 

Depth. 

Surface  aand  and  clay. . . 

Feet. 

40 

4 

96 

1 

Feet. 
40 

Sand 

44 

Clay,  blue..  ... 

140 

Sand  rock,  soft 

1401 

When  the  8-inch  indurated  layer  had  been  penetrated  the  water 
rose  within  40  feet  of  the  surface.  No  lignite  was  obtained  in  this 
well,  but  in  the  others  less  than  a  mile  away  it  was  found.  A  well 
less  than  100  yards  from  the  town  well  found  no  blu^  clay,  but  only 
sand  with  a  small  amount  of  clay.  A  dozen  or  more  of  these  small 
deep  wells  have  been  made  in  the  immediate  neighborhood  and  they 
all  present  about  the.  same  features. 

At  Tibbs  there  are  no  springs.  Wells  average  35  feet  in  depth  and 
perhaps  a  third  of  them  furnish  a  scant  supply  of  water. 

At  Wellwood  there  are  both  dug  and  bored  wells  that  vary  in  depth 
from  12  to  96  feet.  The  water  from  the  shallow  wells  is  inclined  to 
be  hard,  that  from  the  deeper  ones  soft. 

HENDERSON    COUNTY. 

Topography, — Henderson  County  is  situated  near  the  eastern  mar- 
gin of  the  area  discussed  and  its  northern  boundary  is  about  midway 
between  Kentucky  and  Mississippi.  The  area  is  515  square  miles. 
The  divide  between  Tennessee   and  Mississippi  rivers  crosses  the 
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county  from  north  to  south.  The  drainage  of  the  western  third  goes 
to  the  Mississippi  and  that  of  the  rest  to  Tennessee.  The  surface 
along  this  divide  reaches  an  elevation  of  about  600  feet  in  a  number 
of  places,  but  along  the  streams  it  is  considerably  lower.  The  aver- 
age elevation  is  about  500  feet.  The  lowest  point  in  the  county  is 
probably  where  Beech  River  crosses  the  eastern  boundary  at  an 
elevation  close  to  360  feet.  South  Fork  of  Forked  Deer  River,  how- 
ever, crosses  the  western  boundary  at  only  a  few  feet  higher,  and  the 
Big  Sandy  crosses  the  northern  boundary  at  slightly  less  than  4CH3 
feet.  Big  Sandy  and  Beech  rivers  and  important  branches  of  Forked 
Deer  and  Obion  rivers  all  rise  in  the  county  and  flow  out  radially. 
With  their  tributaries  they  have  cut  much  of  the  surface  into  hilLs. 
Along  the  main  divide  and  in  much  of  the  eastern  slope  the  surface- 
is  very  hilly.  The  streams  have  considerable  fall  and  so  have  rapid 
currents  and  are  actively  eroding  the  surface. 

Geology, — The  formations  found  in  this  county  include  the  Eutaw, 
Selm'a,  Ripley,  Porters  Creek,  Lagrange,  and  Lafayette. 

The  western  edge  of  the  Eutaw  formation  extends  just  slight Iv 
into  the  eastern  part  of  the  county.  It  dips  to  the  west  and  passes 
beneath  the  other  formations  so  that  it  underlies  the  entire  county. 

The  Selma  clay  forms  a  belt  4  to  9  miles  wide,  extending  north  and 
south  immediately  west  of  the  Eutaw  outcrop.  Its  western  edge  is 
a  few  miles  east  of  Lexington.  The  leaden  and  darker  colored  clays 
and  marls  characteristic  of  this  formation  are  exposed  in  numerous 
railway  cuts  between  Warrens  BluflF  and  Darden. 

The  Ripley  sands  cross  the  center  of  the  county  from  north  to 
south  in  a  belt  6  to  10  miles  wide.  They  are  distinguishable  from 
the  overlying  Lafayette  sands  chiefly  by  their  lighter  color  and  their 
softer  nature.  Exposures  occur  in  the  deeper  stream  and  railway 
cuttings. 

A  belt  of  typical  leaden-gray  Porters  Creek  clay,  3  to  5  miles  wide, 
lies  next  west  of  the  Ripley,  and  is  succeeded  in  turn  by  the  Lt^ange. 
while  over  all  the  Lafayette  is  spread,  as  usual,  in  a  thin  veneer. 

The  exact  thickness  of  no  one  of  these  formations  in  this  county  i> 
known  exactly.  From  the  log  of  the  Lexington  well  (p.  SS)  the 
Eutaw,  the  Selma  clay,  and  perhaps  half  of  the  Ripley  have  an 
aggregate  thickness  of  500  feet,  of  which  the  upper  200  feet  are  prol>- 
ably  Ripley.  The  Porters  Creek  must  be  not  far  from  100  feet  thick. 
The  Lafayette  probably  never  reaches  more  than  20  or  30  feet. 

Water  resources, — There  are  many  good  springs  among  the  hili> 
that  flow  with  undiminished  volume  the  year  round  and  feed  tlu* 
numerous  streams,  so  that  during  summer  they  do  not  fail.  Water 
for  stock  is  obtainable  almost  everywhere,  and  some  of  the  stream? 
have  fall  and  volume  enough  to  furnish  power  for  small  mills.  Where 
springs  are  not  convenient  for  domestic  purposes,  water  may  be 
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obtained  at  depths  of  50  feet  or  less  in  many  places,  and  only  in  rare 
cases  is  it  necessary  to  go  deeper  than  100  or  125  feet.  Water 
obtained  from  the  Eutaw,  Ripley,  or  Lagrange  sands  is,  as  a  rule,  good 
and  soft,  though  it  may  have,  especially  if  from  the  Eutaw,  some  iron 
or  iron  and  sulphur.  Water  from  either  the  Selma  or  the  Porters 
Creek  is  almost  certain  to  be  hard  and  of  deficient  quantity.  It 
may  in  addition  be  flat  and  insipid,  and  in  some  cases  is  foul  smelling 
and  entirely  unfit  for  use.  Neither  of  these  formations  is  very  thick 
in  this  county,  and  if  one  is  struck  before  a  supply  of  water  is  obtained 
it  should  be  bored  through — probably  less  than  100  feet  additional — 
and  the  underlying  sand  tested.  Water  will  almost  certainly  be 
obtained  and  will  probably  be  of  good  quality  and  quantity.  Cis- 
terns are  used  to  some  extent  in  the  area  of  the  Selma  clay  and  the 
Porters  Creek  clay  and  in  other  areas,  where,  because  of  the  local 
elevation  the  depth  to  underground  water  is  inconveniently  great, 
say  75  or  100  feet  or  more. 

At  Atkins  water  is  obtained  from  ordinary  wells  and  an  occasional 
spring. 

At  Crucifer,  in  the  Lagrange  area,  there  are  only  ordinary  wells 
that  range  from  20  to  85  feet  deep  according  to  elevation.  There  are 
a  few  springs. 

At  Dardeh,  elevation  392  feet,  near  the  western  edge  of  the  Eutaw 
sand,  some  bold  springs  in  low  places  flow  from  the  Eutaw,  but  the 
chief  supply  of  water  is  obtained  from  wells  that  range  from  15  to  75 
feet  in  depth.  The  water  in  the  deeper  wells  is  good  and  soft  and 
rises  somewhat  in  the  well. 

At  Dolen  weak  flows  are  obtained  from  pipe  wells  in  the  Selma 
clay — there  called  simply  '^ black  dirt'' — at  ordinary  depths.  The 
water  is  hard  and  in  some  wells  it  also  contains  alkali  or  alum. 
Small  pipe  wells  or  even  6  to  12  inch  bored  wells  should  be  sunk 
easily  through  the  Selma  clay  and  get  good  water  from  the  underlying 
Eutaw  sand. 

At  Farmville  there  are  a  few  springs  and  numerous  ordinary  dug 
and  bored  wells,  some  of  which  are  80  feet  deep.  The  water  is  soft, 
but  the  quantity  is  not  always  large. 

At  Hinson  Springs,  elevation  440  feet',  there  are  several  chalybeate 
springs  flowing  from  the  Ripley  sands,  that  are  discussed  on  page  — . 

At  Huron,  elevation  416  feet,  there  are  a  few  springs  and  cisterns 
and  wells  from  30  to  60  feet  deep  that  furnish  soft  water. 

At  Law,  in  the  Lagrange  sand  area,  wells  furnish  soft  water  from 
sand  under  pipe  clay  at  an  average  depth  of  50  or  60  feet,  the  range 
being  from  20  to  85  feet. 

Lexington,  in  the  Ripley  sand  area,  elevation  484  feet,  has  no 
system  of  waterworks,  but  depends  on  individual  wells  for  its  water 
supply.     These  wells  average  50  or  60  feet  in  depth.     Some  on  high 
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ground  are  80  feet  deep.     The  quality  of  the  water  is  good.     No 
cisterns  are  used. 

The  Nashville,  Chattanooga  and  St.  Louis  Railway  finished  in 
February,  1903,  a  well  700  feet  deep  that  has  not  been  a  success. 
The  driller  gave  the  following  log  from  memory: 

Log  ofweH  of  Nashville,  Chattanooga  arid  St.  Louis  Railway,  Lexington,  Tenn. 


I  ThicknoK.       Depth. 


Feet.  Feet. 

Sand,  with  shells  of  soft  sand  ironstone  G  or  8  inches  thick  scattered  throueh  it, 
and  a  little  clay,  water  in  all  below  first  50  or  60  feet  ( Lafayette  and  Ripley ) . .  300  I  : 

Clay,  blue,  with  a  little  water-bearing  sand  and  gravel  at  the  bottom  (Selma 
and  Eutaw) . 


30O  Vt 

Limestone,  pure,  no  chert  (penetrated) 20O  j  Tk, 

At  700  feet  the  well  was  .abandoned.  At  675  feet  water  was  struck 
that  rose  within  about  80  feet  of  the  surface,  but  the  quantity  was 
considered  insufficient.  The  writer  believes  that  with  proper  man- 
agement this  well  would  have  been  a  success  and  yielded  all  the  water 
needed  by  the  railway.  Either  of  two  parts  of  the  section  gone 
through  would  have  yielded  a  supply  of  water  that  would  have  risen 
within  75  or  100  feet  of  the  surface.  The  elevation  of  Lexington  and 
the  nearness  and  elevation  of  outcrops  of  these  two  water-bearing 
beds  to  the  east  are  such  that  there  was  no  chance  to  get  a  flowing 
well.  The  driller  was  not  familiar  with  drilUng  in  soft  strata,  did 
not  know  how  coarse  sand  had  to  be  in  order  to  be  kept  out  by  a 
strainer,  and  so  passed  through  the  Ripley  sand  without  testing  it. 
When  the  basal  sand  and  conglomerate  bed  of  the  Eutaw  beneath 
the  blue  clay  was  reached,  it  was  found  to  be  quicksand,  and  although 
the  water  rose  probably  within  about  100  feet  of  the  surface,  sand 
also  ran  in  rapidly,  and  the  water  was  not  tested,  but  the  casing  was 
driven  down  to  the  limestone  below  in  order  to  shut  it  off.  When 
this  had  been  done  practically  all  hope  of  getting  a  successful  well 
had  vanished.  Had  the  conditions  of  drilling  in  sand  and  clay  been 
more  perfectly  understood  the  well  very  probably  would  have  been 
finished  successfully,  either  in  the  Ripley  sand,  at  a  depth  of  200  feet 
or  less,  or,  at  the  farthest,  in  the  coarse  water-bearing  sand  and  cobbles 
at  the  base  of  the  Eutaw  at  500  feet.  The  Ripley  water  would  have 
certainly  been  a  good  boiler  water,  and  very  probably  the  Eutaw 
water  would  have  been  good  also. 

At  Life,  elevation  520  feet,  there  are  some  springs  near  the  streams. 
Wells  average  75  feet  in  depth,  but  some  go  to  100  or  120  feet. 

At  Long  there  are  a  number  of  ordinary  wells  60  to  70  feet  deep 
that  yield  a  soft  water  of  small  quantity. 

At  McHaney  water  is  obtained  from  springs  and  ordinary  wells, 
all  being  freestone. 
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Middlef ork  is  on  the  ridge  dividing  the  Mississippi  and  the  Tennes- 
see drainages.  It  is  in  the  Ripley  sand  area,  in  which  good  soft  water 
is  obtained,  but  the  wells  are  mostly  bored  and  have  an  average 
depth  of  120  to  140  feet.  In  low  places  a  few  shallow  dug  wells  are 
in  use  and  good  springs  occur  along  the  streams. 

At  Pipkin  there  are  several  wells  from  10  to  40  feet  in  depth  and 
a  great  many  springs. 

At  Reagan  poor  water  is  obtained  from  the  Selma  clay  by  shallow 
open  or  deeper  bored  wells.     Cisterns  are  largely  used. 

At  Safford  water  is  obtained  from  shallow  wells. 

At  Spellings  there  are  numerous  springs  and  shallow  wells. 

At  Whitefern  there  are  numerous  springs,  some  of  which  are 
chalybeate.  Wells  are  generally  used,  however,  for  domestic  supply. 
Water  of  good  quality  is  abundant  at  depths  of  18  to  30  feet. 

At  Wildersville,  elevation  476  feet,  in  the  Ripley  sand  area,  free- 
stone water  is  obtained  from  wells  that  average  about  50  feet  deep, 

HENRY   COUNTY. 

Topography, — Henry  County  lies  on  the  eastern  edge  of  the  area 
discussed.  It  is  bounded  by  Kentucky  on  the  north  and  by  Big 
Sandy  and  Tennessee  rivers  on  the  east.  The  area  is  625  square 
miles.  The  Tennessee-Mississippi  divide  crosses  the  middle  of  the 
county  in  a  direction  somewhat  east  of  north.  The  surface  along 
this  divide  is  rough  and  broken.  On  the  east  it  has  a  relatively 
steep  slope  toward  Tennessee  and  Big  Sandy  rivers,  but  becomes 
somewhat  less  hiUy,  though  stream  activity  on  the  Tennessee  side 
is  more  marked  than  on  the  other  side.  West  of  the  divide  the 
general  surface  at  first  has  a  considerable  slope,  but  soon  flattens 
out  into  a  nearly  level  plain  that  stretches  westward  to  the  Mississippi 
bluffs.  The  greatest  elevation  is  slightly  more  than  600  feet,  along 
the  divide  in  the  northwestern  part  of  the  county.  The  lea^t  eleva- 
tion is  about  300  or  305  feet,  at  the  point  where  Tennessee  River 
leaves  the  State.  The  average  elevation  of  the  county  is  about  500 
feet,  though  some  portions  depart  materially  from  this  average.  The 
drainage  of  the  eastern  slope  is  largely  to  the  Big  Sandy;  that  of 
the  western  into  the  headwaters  of  the  various  branches  of  the  Obion. 

Geology. — A  strip  a  few  miles  wide  along  Big  Sandy  and  Tennessee 
rivers  on  the  eastern  edge  of  the  county  belongs  to  the  Paleozoic 
area,  and  is  not  considered  here.  West  of  this  strip  the  county  is 
underlain  by  the  Ripley,  Porters  Creek,  Lagrange,  and  Lafayette 
formations. 

The  Ripley  sands  overlie  the  Paleozoic  limestones  in  a  belt  aver- 
aging 5  miles  in  width,  which  crosses  the  eastern  part  of  the  county 
from  north  to  south  and  dips  westward  beneath  the  Porters  Creek 
clay.     The  latter  formation  lies  next  west  of  the  Ripley  in  a  belt 
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about  3  or  4  miles  wide,  also  running  north  and  south-  Its  western 
edge  is  at  Paris,  where  it  may  be  seen  dipping  westward  and  passing 
under  the  Lagrange,  which  underlies  the  remaining  half  of  the  county 
and  has  its  usual  character.  Over  all  there  is  a  deposit  of  10  to  20 
feet  of  Lafayette,  chiefly  a  red  sand,  but  with  some  small  gravel  at  its 
base  in  places.  There  are  also  here  and  there  above  the  typical  Laf- 
ayette sand  a  few  feet  of  light-colored,  softer,  sandy  loam  that  may 
represent  the  Columbia. 

Water  resources. — In  the  Ripley  area  springs  are  numerous  and 
strong,  and  furnish  pure  water.  In  the  Lagrange  area  they  are 
of  the  same  character,  but  somewhat  less  numerous,  because  surface 
erosion  has  not  produced  as  great  diversity  of  relief  there  as  in  the 
Ripley  area.  In  the  Porters  Creek  clay  belt  they  are  scarce,  weak, 
and  poor  as  a  rule.  The  streams  are  numerous  and  usually  have  a 
permanent  flow.  Many  of  them  have  sufficient  volume  and  fall  to 
furnish  power  for  mills.  Underground  water  of  good  quality  is 
available  at  moderate  depths  anywhere  within  the  embayment  part 
of  the  county.  In  the  western  half  it  may  be  obtained  from  the 
Lagrange  sands  at  depths  rarely  exceeding  100  to  150  feet.  In  the 
Porters  Creek  clay  belt  or  just  west  of  it,  on  the  thin  eastern  edge 
of  the  Lagrange,  good  water  may  be  had  from  the  underlying  Ripley 
by  going  through  the  Porters  Creek,  as  has  been  done  in  the  town 
wells  at  Paris.  In  such  wells  the  water  will  rise  part  way  to  the 
surface.  In  the  Porters  Creek  area,  where  the  surface  water  is  poor, 
and  in  elevated  parts  of  the  Lagrange  and  Ripley  areas,  where  the 
distance  to  underground  water  is  several  score  feet,  cisterns  are  much 
used. 

At  Buchanan  soft  water  is  obtained  from  the  Ripley  at  depths  of 
75  to  80  feet. 

At  Como,  in  the  Lagrange  area,  there  are  no  springs.  Dug  and 
small  bored  wells  are  used. 

At  Cottage  Grove,  in  the  Lagrange  area,  soft  water  is  struck  at 
depths  of  75  to  100  feet.     About  half  the  people  use  cisterns. 

At  Eastwood,  near  the  contact  between  the  Porters  Creek  clay 
and  the  Lagrange  sands,  there  are  some  springs  of  good  water,  but 
wells  drilled  80  or  90  feet  deep  get  hard  iron  and  «idphur  water  from 
the  Porters  Creek  cla}'^,  or  '^soapstone.''  They  should  be  drilled 
somewhat  deeper,  to  the  Ripley  sand. 

At  Freeland  the  Ripley  sand  is  the  surface  formation.  Soft  water 
is  obtained  from  springs  and  from  open  and  bored  wells  of  an  average 
depth  of  about  40  feet. 

At  Hastings,  in  the  Lagrange  area,  there  are  springs  and  ordinan* 
and  bored  wells  30  or  40  feet  in  depth.     The  water  is  soft. 

At  Mansfield,  elevation  448  feet,  in  the  Ripley  area,  soft  water  is 
obtained  from  shallow  open  and  bored  wells. 
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At  Mountvista,  in  the  Ripley  area,  soft  water  is  struck  at  depths 
of  60  to  80  feet.     Wells  are  open  or  bored. 

At  Nobles  wells  are  from  40  to  70  feet  deep.  The  water  in  the 
shallower  wells  seems  to  be  hard  and  in  the  deeper  ones  soft.  No 
records  of  strata  encountered  were  obtained,  but  possibly  the  shallower 
are  in  the  Porters  Creek  clay  and  the  deeper  in  the  Ripley  sand. 

At  Osage  soft  water  is  obtained  from  the  Lagrange  sand  at  depths 
of  100  to  150  feet.     Cisterns  are  used  generally. 

At  Owens  Hill,  in  the  Ripley  area,  soft  water  is  obtained  at  a  depth 
of  16  feet  in  low  places  and  of  75  or  80  feet  on  the  upland  level. 

Paris,  elevation  at  Nashville,  Chattanooga  and  St.  Louis  depot  512 
feet,  at  Louisville  and  Nashville  depot  474  feet,  is  on  the  eastern 
edge  of  the  Lagrange.  The  Porters  Creek  clay  is  exposed  in  the 
deeper  cuttings.  There  are  a  few  cisterns  in  use,  and  ordinary  wells 
get  water  from  near  the  base  of  the  Lagrange  at  an  average  depth  of 
30  to  60  feet.  A  large  spring  near  town  is  reported  to  flow  300,000 
gallons  per  day.  The  city  waterworks  has  two  wells,  one  8  and  the 
other  6  inches  in  diameter,  each  376  feet  deep.  The  elevation  of 
the  well  heads  is  470  feet  and  water  stands  70  feet  below  the  top. 
Water  is  raised  by  air  lift  into  a  surface  cistern,  from  which  it  is 
forced  into  a  steel  tank  of  70,000  gallons  capacity,  that  gives  a  service 
pressiu-e  of  35  pounds.  For  fire  purposes  a  direct  pressure  of  100 
pounds,  or  more  if  necessary,  is  used.  The  capacity  of  the  pumps  is 
500,000  gaUons  per  day;  the  average  daUy  consumption,  150,000 
gallons.  The  water  is  perfectly  clear,  and  is  good  for  all  purposes. 
After  standing,  a  slight  red  ferruginous  deposit  forms  and  discolors 
vessels.  The  following  analysis  was  reported  by  the  St.  Louis 
Sampling  and  Testing  Works  May  14,  1902: 

Andlysu  ofwaierfrom  well  at  city  vxUenvorkSf  Paris ,  Tenn. 

Parts  per 
million. 

Silica  (SiOa) 3.6 

Oxides  of  aluminum  and  iron  (AlaOg+FeaO^) 9. 2 

Calcium  (Ca) 5.7 

Magnesium  (Mg) 3.  4 

Sodium  (Na) 1.6 

Carbonate  radicle  (CO3) 9.6 

Sulphate  radicle  (SO4) 8.9 

Chlorine  (CI) 4.4 

46.3 

Volatile  solids 14.4 

Fixed  solids 44.0 

Total  solids 58.4 

At  Peryear,  elevation  612  feet,  in  the  Lagrange  sand  area,  soft 
water  is  obtained  at  depths  of  100  or  115  feet. 
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Routon,  elevation  575  feet,  is  in  the  Lagrange  area.  Small  bored 
wells  are  commonly  used,  ranging  from  60  to  90  feet  in  depth,  and 
furnishing  a  moderate  amount  of  soft  water  of  fine  quality. 

At  Vandyck.  elevation  416  feet,  on  the  eastern  edge  of  the  Porter? 
Creek  clay,  wells  average  about  40  feet  in  depth.  One,  87  fe^t  deep. 
is  a  blowing  well  whenever  the  weather  is  changing.  The  q>rings  are 
described  as  being  weak  and  impregnated  with  sulphur,  iron,  and 
alum.     They  very  probably  flow  from  the  Porters  Creek  formation. 

LAKE   COUNTY, 

Topography. — Lake  County  is  situated  in  the  northwest  comer  of 
Tennessee.  It  lies  between  Reelfoot  Lake  on  the  east  and  Mississippi 
River  on  the  west.  Its  length,  north  and  south,  is  about  35  miles. 
Its  width;  east  and  west,  varies  from  3  to  12  miles.  It  is  one  of  th** 
smallest  counties  in  the  State,  the  area  being  128  square  miles.  The 
entire  county  is  situated  in  the  alluvial  region  of  the  Mississippi  and 
the  surface  is  very  level,  with  neither  hills  nor  ravines.  The  countv 
is  so  low  that  about  two-fifths  of  the  surface  is  overflowed  at  high 
water.  The  average  elevation  is  about  300  feet.  The  general  surface 
slope  is  southward,  in  conformity  with  the  river  slope,  the  elevation 
being  about  315  feet  on  the  northern  line  and  290  on  the  southern. 

Geology, — The  surface  formation  is  everywhere  the  alluvium  of  the 
Mississippi  flood  plain.  The  geologic  relation  and  age  of  this  alluvium 
have  been  discussed  somewhat  fully  on  page  48,  and  need  not  Ix.- 
treated  here.  From  the  records  of  the  few  borings  that  have  p>ene- 
trated  the  alluvium,  it  would  seem  to  be  from  100  to  150  feet  deep. 
Beneath  it  lies  the  Lagrange,  but  so  far  as  known  it  has  not  been 
explored  by  deep  borings  in  this  county. 

Water  resources. — There  are  no  streams  in  the  county  except  the 
sloughs  from  the  river  or  Reelfoot  Lake.  Ponds  are  easily  made  for 
watering  stock,  and  cisterns  and  shallow  wells  are  used  for  domesiir 
supply.  The  well  water  is  of  the  usual  unsatisfactory  alluvial-region 
type,  and  is  obtained  at  depths  of  20  to  35  feet. 

At  Hathaway  water  is  obtained  from  Mississippi  River  and  fnnn 
wells  that  average  35  feet  in  depth.  The  water  in  the  wells  rise?^ 
and  falls  with  the  river. 

At  Keefe  shallow  pumped  wells  are  used. 

At  Madie  hard  water  is  obtained  from  open  and  pumped  wells  that 
average  25  or  30  feet  in  depth. 

At  Ridgeley  water  is  obtained  by  pumping  from  driven  wells  about 
25  feet  in  depth.  The  water  is  hard,  and  contains  iron  sulphate  or 
copperas. 

LAUDERDALE   COUNTY. 

Topography. — I^auderdale  County  is  bounded  by  Mississippi  River 
on  the  west  and  lies  midway  between  the  northern  and  southern 
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boundaries  of  Tennessee.  Its  area  is  460  square  miles.  The  western 
half  of  the  county  and  a  narrow  area  along  Ilatchee  River  on  the 
southern  boundary  belong  to  the  alluvial  plain  of  the  Mississippi  and 
its  tributaries,  and  so  are  low  and  level,  in  part  swampy.  The 
remainder  of  the  county  rises  from  the  flood-plain  level,  usually  by 
abrupt  bluffs,  to  a  general  elevation  of  about  350  feet.  The  edges  of 
the  upland  or  plateau  surface  adjacent  to  the  alluvial  region  are 
deeply  cut  by  streams,  and  the  resulting  hills  are  steep  and  bold. 
Elsewhere  the  plateau  surface  is  level  or  gently  rolling.  Along  the 
principal  streams  a  second  bottom  or  terrace  is  usually  developed, 
rising  10  to  20  feet  above  the  present  flood  plain,  and  reaching  in 
places  a  width  of  several  miles.  The  drainage  all  passes  through  the 
Forked  Deer  and  the  Hatchee  to  the  Mississippi. 

Geology. — The  formations  represented  in  the*  county  are  the  La- 
grange, Lafayette,  loess,  and  alluvium. 

The  Lagrange  is  rarely  exposed  except  along  the  lower  parts  of  the 
steep  bluffs  and  in  occasional  deep  railway  cuts,  as  at  Ripley  (see 
p.  43)  and  Curve.  The  section  in  the  long,  deep  cut  just  south  of  the 
station  at  Curve  shows  at  the  base  15  to  18  feet  of  a  dark-blue  lignitic 
clay  bedded  in  very  thin  layers  and  somewhat  sandy.  Over  it  lie 
6  to  9  feet  of  a  yellow  to  rusty-yellow  purer  clay,  also  lignitic,  covered 
by  25  feet  of  Lafayette  sand  and  gravel.  The  gravel  is  well  rounded 
chert  and  vein  quartz,  averaging  1  inch  or  less  in  diameter,  but  with 
occasional  pebbles  reaching  2  or  3  inches.  The  gravel  is  in  irregular 
streaks  throughout  the  formation  and  composes  about  20  per  cent  of 
it.  The  sand  is  coarse  and  red  and  is  case-hardened,  so  that  it  stands 
with  vertical  faces.  Over  it  is  a  variable  layer  of  soft,  light-colored 
sand  and  gravel  up  to  3  feet  thick.  This  grades  up  into  25  feet  of 
loess,  which  seems  hardly  separable  into  a  lower  and  an  upper 
division,  though  the  lower  5  or  6  feet  are  darker  than  the  remainder. 
Beneath  the  dark  Lagrange  clay  in  the  bottom  of  the  cut  is  a  quick- 
sand, on  which  the  track  rests,  and  which  is  a  perpetual  source  of 
trouble  and  expense  to  the  railway.  A  view  of  the  section  in  the 
cut  is  given  in  PI.  IV,  J.,  p.  44. 

The  Lafayette  in  Lauderdale  County  is  a  coarse  sand,  with  a  con- 
siderable proportion  of  pebbles  as  a  result  of  the  nearness  of  Missis- 
sippi River.  It  overlies  the  Lagrange  everywhere  except  in  the  allu- 
vial region,  where  it  has  been  removed  by  stream  erosion.  It  is 
exposed  in  only  a  few  places,  being,  as  a  rule,  overlain  and  concealed 
by  the  loess,  which  varies  from  1  foot  to  several  score  feet  in  thickness. 
The  loess  mantles  the  uplands  and  seems  to  extend  down  over  the 
second  bottoms  along  the  main  streams,  though  the  observations  of 
the  writer  were  not  full  enough  to  settle  this  last  point  definitely. 

Water  resources. — There  are  many  streams  in  the  county,  so  that 
it  is  generally  well  watered.     For  domestic  purposes  cisterns  have 
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long  been  widely  used,  because  of  the  hardness  of  the  water  from 
shallow  wells,  which  almost  invariably  stop  in  the  lower  part  of  the 
loess.  Such  wells  are,  however^  used  in  many  places  despite  the 
hardness  of  the  water.  Water  that  is  generally,  though  not  invari- 
ably, soft  and  good  may  be  had  usually  at  depths  of  100  to  300  feet, 
the  depth  varying  chiefly  with  the  texture  of  the  sand,  though  in 
some  cases  it  is  determined  by  the  occurrence  of  sandy  clay  beds, 
which  in  this  region  are  generally  lignitic  and  furnish  a  poor  quality 
and  small  quantity  of  water.  The  wells  may  go  down  several  hun- 
dred feet  in  exceptional  instances,  as  at  Ripley,  for  example.  At 
the  foot  of  the  steeper  bluffs  springs  occur,  but  the  water  is  usuatly 
hard  and  haa  an  unpalatable  taste,  commonly  described  as  '*  sweet." 

The  shallow  water  in  the  alluvial  region  is  always  poor,  and  brick 
cisterns  are  difficult  to  keep  from  cracking  because  of  the  soft,  jie\d- 
ing  nature  of  the  alluvial  deposits.  It  would  seem  that  in  this  region 
cisterns  should  be  built  of  cypress,  but  so  far  as  known  this  wood  has 
never  been  used  for  that  purpose. 

At  Arp  water  is  obtained  from  springs  at  the  foot  of  the  hills  and 
from  dug  and  bored  wells  20  to  30  feet  deep.  The  hills  rise  perhaps 
75  feet  high  and  on  the  top  of  one  a  well  was  bored  208  feet  and  aban- 
doned without  getting  water.  Some  water  was  found  in  the  base 
of  the  Lafayette,  but  the  quantity  was  thought  insufficient.  The 
following  is  the  log: 

Log  of  well  ai  Arp,  Tenn, 


Thickness. 


Depth. 


Yellow  clay  (loess) 

Sajid  and  gravel  (Lafayette) 

Blue  sandy  loam  and  streaks  of  lignite. 
Blue  sandy  clay  (penetrated) 


Feet,  Feet. 

50  50 

34  84 

66  I  150 

58  208 


At  Ashport,  on  the  Mississippi,  a  number  of  small  tubular  wells 
about  50  feet  deep  yield  hard  water.  They  go  through  about  8 
feet  of  surface  loam  into  sand  mixed  with  some  gravel,  which  soon 
becomes  water  bearing.  At  30  feet  from  the  surface  this  gives  place 
to  a  coarse  blue  sand  that  runs  to  52  feet  and  is  underlain  by  gravel, 
which  was  not  explored. 

At  Bexar  a  well  drilled  135  feet  deep  got  a  good  supply  of  water 
that  rose  about  15  feet  in  the  pipe.     The  log  was  as  follows: 
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Yellow  clay  (loess) 

Sand  and  gravel  (Lafayette) 

Sand,  white,  coarse,  with  a  Uttle  gravel 

Q  ravel 

Sand,  white,  wltii  a  number  of  3  or  4  foot  layers  of  gravel  in  it. 

Sand,  water  bearing,  but  without  pressure 

Gravel 

Clay,  blue 

Sand,  white,  with  water,  which  rises  about  15  feet 

Clay 

Gravel  (not  explored). 


Thicloiess. 

Depth. 

Feet 

Feet. 

35 

35 

4 

39 

12 

51 

8 

59 

42 

101 

19 

120 

10 

130 

i 

1304 

4 

1341 

Streak. 

At  Double  Bridges  both  wells  and  cisterns  are  used.  Wells  vary 
from  20  to  100  feet  deep  and  many  of  them  are  bored.  Quicksand 
occasionally  interferes  with  borings.  The  quality  of  the  water  is 
usually  fair  to  good. 

At  Dry  Hill  cisterns  are  generally  used.  Wells  on  the  hills  obtain 
soft  water  at  depths  of  100  feet  or  more. 

At  Edith,  on  the  edge  of  the  bluif  overlooking  the  Mississippi  flood 
plain,  cisterns  are  used  almost  exclusively.  Water  from  shallow 
wells  is  hard  and  sweet.  It  is  also  found  at  about  150  feet,  and 
there  are  three  deep  wells  2  or  3  inches  in  diameter  and  165  feet 
deep.  Two  are  at  mills,  and  are  pumped  by  steam.  The  other  is 
pumped  by  hand.  They  furnish  an  abundant  supply  of  water,  said 
to  be  alkaline  and  to  have  a  diuretic  effect.     The  log  is  as  follows: 

Log  of  deep  wells  at  Edith,  Tenn. 


Yellow  clay  (loess) , 

Sand  and  gravel,  red,  in  alternate  layers  each  3  to  4  feet  thick  (Lafayette). 

Sand  in  yellow  and  white  streaks,  dry 

Sand,  same,  water  bearing 


Thickness.  |     Depth. 


Feet. 


Feet. 


80 
100 
150 
165 


At  Fulton  cisterns  are  used  almost  entirely.  There  are  one  or  two 
wells  about  75  feet  deep,  but  the  water  is  hard. 

At  Gates,  elevation  321  feet,  water  is  obtained  from  both  cisterns 
and  shallow  wells  that  average  30  to  45  feet  in  depth  and  furnish 
hard  water.     A  well  drilled  114  feet  gave  the  following  log: 

Log  of  deep  well  at  Gates,  Tenn. 


Soil 

Blue  mud 

Clay,  blue,  stiff 

Sand  and  gravel 

Blue  mud 

Sand,  with  water  rising  within  30  feet  of  the  surface 


Thickness. 

Depth. 

Feet. 

Feet. 

8 

8 

15 

23 

15 

38 

10 

48 

52 

100 

14 

114 
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At  Glimp  water  is  obtained  from  cisterns  and  common  wells  25 
to  50  feet  deep. 

At  Halespoint,  on  the  Mississippi  flood  plain,  there  are  only  shallow 
wells  that  yield  the  usual  poor  flood-plain  water. 

At  Halls,  elevation  312  feet,  water  is  obtained  from  cisterns  and 
from  a  few  wells  drilled  to  about  160  feet,  where  a  water-bearing 
sand  is  found.  There  is  pressure  enough  to  raise  the  water  within 
30  feet  of  the  surface. 

At  Helming,  elevation  292  feet,  hard  water  is  obtained  from  duj^ 
wells  that  average  about  40  feet  deep. 

At  Mack  water  is  struck  at  depths  of  about  20  feet  and  80  or  90 
feet.  Water  from  the  latter  depth  rises  about  25  feet.  All  of  the 
water  is  hard,  and  that  from  the  deeper  wells  contains  some  iron. 

At  Ripley,  elevation  390  feet,  there  were  formerly  many  wells  that 
averaged  about  85  feet  deep,  some  of  which  gave  soft  water,  while 
others  gave  hard.  Cisterns  have  since  been  almost  entirely  substi- 
tuted for  them.  Around  the  foot  of  the  bluffs  near  town  are  numer- 
ous springs,  most  of  which  yield  hard  water.  The  town  system  of 
waterworks  is  supplied  by  three  wells  about  10  feet  apart,  two  being 
6-inch,  the  other  4-inch,  and  each  being  100  feet  deep.  The  water 
is  hard  and  produces  a  hard  scale  when  used  in  boilers.  It  stands 
at  65  feet  from  the  surface,  and  the  wells  yield  150,000  gallons  a  day. 

At  Tams  Landing,  on  Mississippi  River,  a  mile  below  Halesj>oint, 
there  are  alternating  beds  of  sand  and  gravel  that  have  been  explored 
to  a  depth  of  84  feet.     Hard  water  is  struck  at  21  feet. 

MADISON   COUNTY. 

Topography. — Madison  County  lies  just  south  of  the  center  of  the 
embayment  area  of  Tennessee  and  has  an  'area  of  545  square  miles. 
The  county  belongs  to  the  Mississippi  drainage  basin  and  so  slopes 
slightly  to  the  west  or  northwest.  The  surface  in  the  eastern,  south- 
eastern, and  southern  parts  of  the  county  is  considerably  broken. 
The  central  part  of  the  county  is  rolling,  and  the  western,  northwest- 
ern, and  northern  parts  are  more  nearly  level.  On  the  ridges  between 
the  main  streams  the  surface  rises  to  an  elevation  of  about  500  feet 
and,  while  there  is  considerable  difference  in  relief  between  various 
parts  of  the  county,  the  average  elevation  is  about  450  feet.  The 
highest  points  are  in  the  southeastern  part  of  the  county  and  are 
between  500  and  550  feet.  The  lowest  point  is  about  315  feet,  where 
South  Fork  of  Forked  Deer  River  leaves  the  county. 

Geology, — The  formations  of  the  county  are  the  Porters  Creek,  the 
Lagrange,  and  the  Lafayette. 

The  Porters  Creek  clay  occurs  along  the  southeastern  edge  of  the 
county,  south  of  the  point  where  the  Nashville,  Chattanooga  and  St. 
Louis  Railway  enters  it.     This  clay  outcrops  in  a  belt  from  4  to  6 
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miles  wide,  of  which  only  the  western  half  lies  within  the  county. 
The  Lagrange. succeeds  it  to  the  west  and  underlies  all  the  rest  of  the 
county,  but  is  largely  concealed  by  the  red  or  orange  sands  of  the 
Lafayette,  which  averages  about  20  feet  in  thickness  and  forms  the 
surface  except  where  removed  by  stream  erosion. 

Water  resources, — The  streams  of  the  county  are  numerous  and  the 
longer  ones  flow  perennially.  Many  of  the  smaller  streams  become 
veiy  low  and  sluggish  or  go  dry  altogether  during  late  summer  and 
fall.  In  localities  where  streams  fail  ponds  are  provided  for  watering 
stock.  Springs  occur  along  the  foot  of  the  hills  and  are  used  to  some 
extent,  but  the  principal  water  supply  comes  from  wells  in  the  base  of 
the  Lafayette  or  the  top  of  the  Lagrange  sands.  This  water  is  free- 
stone, but  in  the  small  Porters  Creek  area  in  the  southeastern  part  of 
the  county  the  water  is  poor  and  hard  when  the  well  is  made  in  the 
dark  clay  of  this  formation.  Water  of  good  quality  and  quantity 
should  be  obtained  in  deep  wells  anywhere  in  the  county.  In  the 
western  part  it  would  come  from  the  Lagrange  sands.  In  the  eastern 
part,  within  the  Lagrange  area,  it  might  still  in  many  places  be  obtained 
from  the  base  of  the  Lagrange  at  depths  of  100  to  150  feet,  or  from  the 
Ripley  sands  beneath  the  Porters  Creek  clay  at  depths  of  150  to  200 
feet  additional.  It  seems  most  probable  that  the  deep  well  at  Jack- 
son (see  p.  98;  also  PI.  V)  ends  in  the  Ripley  sand.  Such  an  inter- 
pretation would  make  the  Ripley  include  in  the  Jackson  section  a 
clay  bed  containing  shark's  teeth,  but  this  formation  is  nowhere  in 
surface  exposure  in  Tennessee  known  to  contain  such  a  bed.  Marine 
fossils  occur  in  it  in  Mississippi,  however,  only  a  short  distance  south 
of  the  Tennessee  line.  One  alternative  supposition,  that  the  72  feet  of 
f ossiliferous  dark  lead-colored  clay  is  Porters  Creek,  gives  that  forma- 
tion an  abnormal  thickness  of  288  feet.  The  other  alternative  suppo- 
sition, that  this  bed  represents  the  Selma  clay,  makes  that  formation 
only  72  feet  thick  and  the  Ripley  sand  above  it  only  41  feet  thick — 
both  of  which  would  be  abnormally  thin,  the  Ripley  especially  so.<* 

At  Andrews  Chapel  water  is  obtained  from  wells  that  run  usually 
from  50  to  60  feet  deep,  but  are  exceptionally  100  feet  deep. 

At  Beechbluff,  elevation  396  feet,  water  is  obtained  from  springs 
and  from  wells  of  20  or  30  feet  depth.  Much  of  the  water  contains 
iron  and  sulphur. 

At  Carroll,  elevation  369  feet,  wells  average  18  to  40  feet  deep;  in 

a  Since  the  above  was  put  in  type  the  writer  has  had  an  opportunity  to  examine  a  partial  set  of 
borings  from  the  Jackson  deep  well  and  also  some  notes  made  while  drilling  was  in  progress.  From 
these  it  seems  that  the  base  of  the  Lagrange  is  at  157  feet  depth;  the  Porters  Creek  extends  from  157 
to  335  feet;  the  Ripley  sand  from  335,  probably  to  4a'>,  feet;  the  Sehna  clay  probably  from  4a5  to  4994 
feet,  and  the  Eutaw  from  there  down-  There  is  some  uncertainty  as  to  the  upper  and  lower  limits 
of  the  Selma  clay,  but  the  section  from  405  to  438  feet  seems  without  doubt  to  belong  to  it.  This  will 
modify  and  explain  somewhat  the  section  of  this  well  given  on  page  98.  The  well  shows  an  electric 
current  of  about  half  a  volt. 
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the  surrounding  country  they  are  from  40  to  150  feet  deep.  The 
water  is  soft.     In  some  cases  the  quantity  is  reported  as  insufficient. 

At  Catalpa  there  are  some  springs  and  good  water  is  obtained  from 
wells  that  range  from  20  to  60  feet  in  depth. 

At  Claybrook  soft  water  is  procured  from  wells  that  average  60 
feet  in  depth. 

At  Hatchie,  elevation  328  feet,  soft  water  is  obtained  from  pumps 
and  open  welk  ranging  from  15  to  40  feet  in  depth. 

At  Jackson  the  elevation  of  the  ground  at  the  crossing  of  the  Elinoib 
Central  and  the  Mobile  and  Ohio  railroads  is  reported  to  be  425  feet, 
of  the  mark  at  the  Federal  building  394  feet,  and  of  the  Nashville. 
Chattanooga  and  St.  Louis  depot  340  feet,  though  this  last  figure 
would  seem  to  be  too  low.  Water  is  obtained  in  shallow  wells  at  a 
depth  of  30  to  50  feet,  depending  on  the  surface  elevation.  A  battery 
of  22  wells  of  tlie  city  water  company  drew  1,000,000  gallons  daily  at 
a  depth  of  40  feet,  while  another  group  of  18  of  these  wells  now  yields 
about  2,500,000  gallons  daily  from  a  second  water-bearing  sand  at  a 
depth  of  about  100  feet.  The  pores  of  the  sand  become  clogged  after 
a  time  and  are  flushed  out  by  forcing  a  current  backward  into  it. 
The  shallower  wells  yield  water  that  forms  a  coating  of  oxide  of  iron 
in  the  pipes.  The  water  from  the  deep  well  already  mentioned  dis- 
solves and  loosens  up  this  deposit  so  that  it  comes  out  in  small  parti- 
cles and  makes  the  water  for  the  moment  a  blood-red  color.  The 
deep-well  water  on  standing  some  hours  gives  off  CO,  and  becomes 
opalescent  while  a  flocculent  precipitate  of  iron  is  forming.  This 
iron  soon  settles  and  leaves  the  water  once  more  clear.  The  wells  in 
the  water-bearing  stratum  at  90  to  100  feet  below  the  surface  have  a 
galvanic  current  of  one-fourth  to  one-half  volt,  due  probably  to  the 
corrosion  of  the  copper  in  the  strainer  by  the  sulphuric  acid  resultin*: 
from  the  decomposition  of  the  iron  pyrite.  Lead  pipes,  if  grounded 
by  a  copper  wire,  are  eaten  up  by  electrolysis  in  about  eighteen 
months.     The  log  of  the  deep  well  is  as  follows : 

Log  ofdeej)  wdl  at  Jackson ,  Tenn. « 


Clay,  Bandy,  red  (Lafayette) 

Clay .  tough  .blue 

Sand,  coarse  white's 

Clay,  snow  white,  very  tough 

Sand,  nearly  pure  white,  some  small  gravel  and  thin  ironstone  crusts,  water 

bearing  at  base 

Clay,  at  top  light  colored,  lower  part  variegated  red,  yellow,  etc 

San'dstonp,  dark  brick-n>d.  soft  (oase  of  Lagrange) 

Clay,  fine,  leaden-colon'd  ( Porters  Creek) 

Rock,  dark,  hard  (limestone?)  (base  of  Porters  Creek) 

Sand,  white,  with  water 

Qiiicksanil.  white,  very  micaceous 

Shak's.  dark  leaden-colon^d.  with  hard  streaks  of  micaceous  sandy  material, 

Hpnite  fragments,  and  iron  pyrite.    At  about  418  feet  shark's  teeth 

Sand,  white,  water  bearing .' 

Hard  material  (not  entered). 


Thickness.      Depth. 


I 


Feet. 

feet. 

12 

12 

16 
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a  See,  however,  footnote  on  page  97. 
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At  Leighton  water  is  obtained  from  ordinary  wells  and  from  a 
2-inch  driven  well  that  penetrated  coarse  sand  to  a  depth  of  75  feet, 
where  the  underground-water  level  was  reached.  The  sand  grew 
coarser  to  120  feet,  at  which  depth  the  well  was  finished. 

At  Malesus,  elevation  453  feet,  water  is  obtained  from  wells  that 
average  about  60  feet  in  depth,  but  range  from  40  to  100  feet. 

At  Mercer,  elevation  344  feet,  water  is  obtained  from  a  creek,  from 
springs,  and  from  weljs  ranging  from  25  to  100  feet  in  depth,  with  an 
average  of  40  feet. 

At  Neelys,  elevation  504  feet,  water  is  obtained  at  depths  that 
range  from  60  to  150  feet,  the  deeper  wells  being  much  more  reliable. 
Pools  are  used  for  stock  water. 

At  Norwood,  elevation  448  feet,  w'ater  is  obtained  at  depths  of 
about  80  to  100  feet.     Pools  are  used  for  watering  stock. 

At  Rollins  bored  wells  about  100  feet  deep  are  generally  used. 

At  Springcreek  there  are  small  tubular  and  bored  wells  that  range 
from  70  to  100  feet  in  depth. 

m'nairy  county. 

Topography. — McNairy  County  is  situated  in  the  southeastern  part 
of  the  embayment  area  in  Tennessee.  Its  eastern  edge  almost 
reaches  the  Paleozoic  rocks.  Its  southern  boundary  forms  part  of 
the  Tennessee-Mississippi  line.  The  area  is  570  square  miles.  The 
eastern  half  of  the  county  is  crossed  from  north  to  south  by  the 
divide  between  Tennessee  and  Mississippi  rivers,  so  that  two-thirds 
of  the  county  slopes  westward  and  one-third  eastward.  The. lowest 
point  in  this  dividing  ridge  is  at  the  head  of  Lick  Creek,  on  the 
southern  edge  of  the  county,  where  the  elevation  is  520  feet.  Just 
northeast  of  Purdy  the  ridge  is  about  600  feet  high.  The  lowest 
point  in  the  county  is  at  about  345  or  350  feet  elevation,  where  Rose 
Creek  crosses  its  western  boundary.  The  plateau  surface  of  the 
county  averages  between  450  and  500  feet  in  height.  The  main 
divide  north  of  Purdy  is  hilly.  The  eastern  and  southeastern  parts 
are  more  nearly  level.  The  southwestern  and  western  parts,  near 
the  Ha  tehee  and  its, tributaries,  are  broken  and  hilly. 

Geology. — The  formations  of  the  county  are  the  Eiitaw,  the  Selma, 
the  Ripley,  the  Porters  Creek,  and  the  Lafayette. 

The  Eutaw  sand  is  found  at  the  surface  only  in  a  small  area  in  the 
southeast  comer  of  the  county,  l)ut  as  it  dips  westward  it  underlies 
all  the  other  formations. 

The  Selma  clay  has  a  greater  development,  both  in  area  and  in 
thickness,  in  this  county  than  elsewhere  in  Tennesvsee.  The  thick- 
ness varies  from  350  feet  in  the  southern  part  of  the  count}^  to  about 
300  feet  in  the  northern  part.  The  width  of  the  belt  decreases  from 
about  10  miles  in  the  southern  part  to  5  miles  in  the  northern  part. 
Over  much  of  this  belt  the  Lafayette,  which  once  covered  it  entirely, 
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has  been  removed  by  erosion,  leaving  the  bare  leaden-colored  clay, 
greensand,  and  fossil  shells  exposed  at  the  surface  in  areas  many  of 
which  are  of  considerable  extent. 

The  next  formation  to  the  west  is  the  Ripley.  It  occupies  all  of 
the  county  west  of  the  Selma  clay  belt  except  a  few  square  miles  of 
Porters  Creek  clay  in  the  extreme  northwest  corner.  The  Ripley 
forms  a  prominent  ridge  that  enters  the  State  from  ]Mississippi  and 
extends  a  number  of  miles  northward  before  it  dies  down  and  merges 
with  the  general  plateau  surface.  A  discussion  of  the  origin  of  this 
ridge,  as  well  as  the  section  at  the  point  where  it  is  cut  through  by  the 
Southern  Railway  in  the  *'big  c.ut'^  just  west  of  Cypress,  are  given 
on  page  29. 

Water  resources, — Numerous  springs  from  the  sands  of  the  Eutaw 
and  the  Ripley  flow  the  year  round  and  feed  streams  that  water 
every  part  of  the  county.  From  the  high  divide  northeast  of  Piu*dy 
streams  flow  radially  in  almost  all  directions.  Water  from  the 
Eutaw  and  Ripley,  whether  obtained  by  springs  or  by  wells,  is  soft 
and  generally  free  or  almost  free  from  iron  and  sulphur.  Water 
from  the  dark  clays  of  the  Selma  and  Porters  Creek  is  generally  poor. 
For  years  it  has  been  the  custom  in  the  Selma  area  to  bore  6  or  8 
inch  wells  200  to  300  feet  through  the  clay  into  the  underlying 
Eutaw  sand,  the  water  in  which  rises  in  many  cases  nearly  to  the 
surface.  In  some  places  in  these  areas  of  poor  water  cisterns  have 
been  used,  though  not  to  so  great  an  extent  as  in  the  tier  of  loess 
counties  adjoining  the  Mississippi.  Occasionally  a  pond  for  stock 
watering  is  found.  Wells  range  from  20  to  70  feet  in  depth  except  in 
the  Selma  clay,  where  they  may  be  from  200  to  300  feet  deep. 

Adamsville  is  on  a  plain  or  table-land  between  two  creek  valleys. 
The  joint  clay  of  the  Selma  reaches  practically  to  the  surface  in 
some  places;  in  others  it  is  covered  by  20  to  25  feet  of  Lafayette. 
Wells  average  16  to  20  feet  in  depth  and  give  soft  or  hard  water 
according  as  they  are  in  the  Lafayette  or  the  Selma. 

At  Acton  water  is  obtained  from  ordinary  open  wells  30  or  40  feet 
deep.  A  number  of  springs  yield  iron  and. sulphur  water  that  is 
used  locally  for  medicinal  purposes. 

At  Bethel  Springs,  elevation  459  feet,  there  are  springs  and  numer- 
ous wells  that  average  30  feet  deep  but  range  from  20  to  40  feet. 
The  water  is  impregnated  with  iron  and  sulphur. 

At  Caffey  there  are  no  springs;  water  is  obtained  from  ordinary 
wells  that  have  an  average  depth  of  only  about  15  feet. 

At  Gravehill  water  is  obtained  chiefly  from  bored  wells  that  go 
through  the  Selma  clay  and  are  between  200  and  300  feet  deep. 

At  Ijeapwood,  near  the  junction  of  the  Ripley  and  the  Selma, 
there  are  several  large  springs,  some  shallow  wells,  and  a  small  well 
360  feet  deep. 
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At  McNairy,  elevation  449  feet,  there  are  some  springs  and  numer- 
ous wells  that  average  about  35  feet  deep.  The  water  is  soft  and  in 
many  wells  contains  sulphur. 

At  Michie  there  are  shallow  open  wells  and  good  springs. 

At  Purdy,  on  the  Mississippi-Tennessee  divide,  which  is  here  a 
narrow  plateau,  many  springs  flow  from  the  base  of  hills  on  either 
side.  In  the  town,  wells  in  the  base  of  the  Lafayette  average  about 
30  feet  deep,  while  those  that  enter  the  Selma  clay  go  200  feet  or 
more  before  reaching  the  Eutaw  sand. 

At  Selmer,  elevation  460  feet,  the  supply  is  obtained  chiefly  from 
wells  20  to  80  feet  deep.  There  are  a  few  cisterns,  and  one  well.  416 
feet  deep,  gets  water  from  the  Eutaw  sand.  The  casing  goes  down 
only  about  50  or  60  feet.  The  w^ater  rises  to  within  30  feet  of  the 
surface  and  is  slightly  hard.     The  log  is  as  follows: 

Log  of  well  at  Selmer  ^  Tenn. 


Surface  sand  and  clay  (Lafayette) 

Clay,  blue  (Selma) 

Sand,  water-bearing  (Eutaw)  (enten^d) . 


Thiclcness.  ]     Depth. 


Feet.      I  Feet. 

25  I  25 

:^5  I  400 

16  416 


At  Stantonville  the  Lafayette  is  35  to  40  feet  thick,  and  has  at  the 
base  several  feet  of  rounded  chert  gravel  in  which  water  is  abundant. 
Beneath  it  is  the  Eutaw  sand,  but  this  is  somewhat  quick  and  tends 
to  fill  up  a  well.  A  mile  or  less  to  the  west  the  Selma  clay  is  struck, 
and  wells  are  bored  80  to  250  feet  through  it  into  the  Eutaw  sand 
below.     The  water  rises  in  some  places  nearly  to  the  top. 

OBION    COUNTY. 

Topography, — Obion  County  is  in  the  northwestern  part  of  Ten- 
nessee. Its  northern  boundary  is  the  State  line,  and  its  w^estem 
boundary  is  the  western  shore  of  Reelfoot  Lake.  A  part  of  the 
eastern  boundary  is  formed  by  branches  of  Obion  River.  The  area 
is  505  square  miles.  A  narrow  belt  along  the  eastern  shore  of  Reel- 
foot  Lake  and  a  belt  for  the  most  part  several  miles  wide  along  Obion 
River  are  low,  and  level  and  subject  to  overflow.  On  either  side  of 
this  swamp  belt  of  the  Obion  there  is  a  level  bench  or  second  bottom 
15  to  25  feet  higher  than  the  first  bottom  and,  as  a  rule,  several  miles 
wide.  The  remainder  of  the  county  is  more  elevated  and  forms  a 
part  of  the  general  upland  or  so-called  plateau  slope  of  western 
Tennessee.  Its  surface  varies  from  rolling  to  abruptly  hilly,  especially 
along  the  western  border,  where  the  region  is  known  as  the  lake  hills. 
The  lowest  part  of  the  county  is  the  surface  of  Reelfoot  Lake  and  the 
swamps  bordering  it.  These  have  an  elevation  of  about  260  or  270 
feet.     The  highest  point  is  probably  in  the  northern  part  of  the 
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county  near  the  Mobile  and  Ohio  Railroad,  where  the  elevation  is 
slightly  over  400  feet.  The  average  elevation  of  the  upland  is  about 
350  or  375  feet. 

Geology, — The  geologic  formations  of  the  county  are  the  Lagrange, 
Lafayette,  loess,  and  alluvium. 

The  Lagrange  underlies  the  entire  county,  but  is  concealed,  except 
here  and  there  along  the  base  and  lower  slopes  of  the  lake  hills,  by 
one  or  more  of  the  other  formations,  all  of  which  are  merely  surficial. 
Drill  records  and  an  examination  of  the  near-by  exposures  at  Hick- 
man, Ky.,  indicate  that  the  Lagrange  contains  rather  more  clayey 
material  in  this  region  than  in  its  type  region  in  Fayette  County. 
Water-bearing  sands  are,  however,  found  in  it,  and  wells  are  gener- 
ally successful. 

The  Lafayette  is  found  on  the  uplands  only,  and  is  20  to  30  feet 
thick.  The  upper  part  is,  as  a  rule,  orange  or  yeUow  sand,  while  the 
lower  part  consists  of  well-rounded  chert  gravel.  Li  some  places 
the  gravel  and  sand  are  interbedded.  The  gravel  is  more  abundant 
near  the  river. 

The  loess  mantles  the  Lafayette  on  the  uplands  and  laps  down 
over  the  second  bottoms,  where  it  lies  directly  upon  the  Lagrange. 
It  has  its  usual  character  and  is  20  to  80  feet  thick  in  the  central 
and  western  parts  of  the  county,  but  thins  out  in  the  eastern  part 
and  practically  disappears  by  merging  into  a  surface  loam  a  few  feet 
thick,  which  is  everywhere  revealed  in  railway  and  other  cuttings 
overlying  the  Lafayette. 

The  alluvium  is  confined  to  the  Obion  and  Reelfoot  swamps. 

Water  resources. — Along  the  sides  of  the  stream  valleys  and  among 
the  hills  springs  are  frequently  found.  Those  in  the  sw^amps  are 
sweet  and  many  others  are  hard  or  contain  iron  and  sulphur,  so  that, 
as  a  rule,  they  are  not  a  valuable  source  of  water  supply.  The  springs 
feed  numerous  streams  that  during  winter  furnish  water  for  stock 
in  nearly  all  parts  of  the  county,  but  during  the  summer  all  except 
the  main  branches  of  Obion  River  shrink  away  to  a  series  of  pools 
or  go  entirely  dry.  Ponds  must  then  be  relied  on  for  stock  watering. 
Wells  generally  reach  water  at  comparatively  shallow  depths,  usually 
in  the  Lafayette  sand  and  gravel,  but  in  the  loess  region  this  water 
is  commonly  hard.  Deeper  wells  have  been  drilled  in  a  number  of 
places  and  get  water  from  the  Lagrange.  In  the  loess  region  cisterns 
are  largely  used  on  the  uplands,  but  on  the  second  bottoms  the  loeSvS 
or  clay  is  so  soft  that  it  is  often  hard  to  keep  the  cistern  from  settling 
and  cracking  so  as  to  let  the  surface  water  seep  in,  and  in  such  places 
wells  are  used. 

At  Crockett,  elevation  290  feet,  there  are  small  shallow  weUs  and 
a  number  of  springs. 

At  Elbridge  there  are  only  ordinary  shallow  w^ells  and  a  few  springs. 

At  Glass  wells  are  usually  20  to  40  feet  deep,  and  soft.     One  on 
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the  river  bottom  is  96  feet  deep,  striking  water  at  90  feet  that  rose 
"within  20  feet  of  the  surface. 

At  Gratis  and  Guelph  water  is  obtained  from  ordinary  shallow 
wells  and  springs. 

At  Kenton,  elevation  309  feet,  wells  on  the  hills  generally  yield 
fine  water.  Those  on  the  bottoms  are  not  so  good  and  may  fill 
almost  full  during  wet  weather.  Along  the  bottoms  are  springs, 
most  of  which  are  impregnated  with  iron  or  iron  and  sulphur.  The 
water  in  some  of  the  wells  is  hard  because  of  the  loess;  in  others 
below  this  formation  it  is  soft. 

At  MasonhaU  the  wells  range  from  30  to  65  feet  in  depth.  The 
shallower  wells  are  in  loess,  and  the  water  rises  and  falls  with  the 
seasons.  The  deeper  ones  are  in  the  Lafayette  sand.  There  are 
numerous  springs. 

At  McConnell,  elevation  354  feet,  good  water  is  struck  at  a  depth 
of  30  to  40  feet. 

Minnick  is  in  the  loess  area,  and  has  but  few  wells  or  springs. 
Cisterns  are  almost  universally  used.  A  3-inch  well  started  in  a 
ravine  on  Lafayette  sand  and  gravel,  which  it  passed  through  at  50 
feet  and  entered  blue  clay;  this  continued  to  a  depth  of  280  feet, 
and  contained,  at  intervals  of  10  or  15  feet,  hardpans  or  indurated 
beds,  slightly  gritty,  that  averaged  about  a  foot  each  in  thickness. 
At  280  feet  the  blue  clay  changed  to  a  gray  clay,  in  which  the  indu- 
rated layers  occurred  at  about  5-foot  intervals.  In  this  material, 
at  a  depth  of  300  feet,  the  well  was  abandoned. 

At  Moriah  water  is  obtained  from  springs  and  wells,  some  of  the 
latter  being  40  to  50  feet  deep. 

At  Obion,  elevation  289  feet,  there  are  some  shallow  surface  wells. 
Good  water  is  obtained  from  sand  at  a  depth  of  about  80  feet.  It  is 
generally  soft  and  abundant. 

At  Polk,  elevation  330  feet,  there  are  no  springs,  wells  and  cisterns 
being  used.  The  wells  are  generally  hard  and  average  about  30 
feet  deep.     A  few  are  40  or  50  feet  deep. 

At  Rives,  elevation  295  feet,  there  are  a  few  cisterns,  but  the  black 
clay  loam  in  which  they  are  dug  is  not  firm  enough  to  keep  them  from 
cracking.  Shallow  wells  with  water  of  only  fair  quality  are  the  chief 
source  of  supply.  These  average  about  32  to  35  feet  in  depth.  In 
wet  weather  they  fill  up  with  water.  A  deep  well  drilled  for  the 
Illinois  Central  Railroad  had  the  following  log: 

Log  oflUmois  Central  Railroad  well  at  Rives,  Tenn. 

Thickness.  I     Depth. 


Soil  and  clay,  dark,  loamy 

Sand,  water  Dearink 

Clay,  blue  "gumbo'' 

Sand  coarse  white,  water  bearing 

Sllty  or  bastard  sand,  very  fine  grained,  with  sticky  blue  clay  in  places  : 
(entered) I 


rt. 

Feet. 

40 

40 

20 

GO 

82 

142 

18 

ICO 
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No  water  supply  having  been  found  below  160  feet,  the  pipe  was 
pulled  back  and  the  well  made  at  that  depth.  The  water  rises  within 
10  feet  of  the  surface.  The  diameter  of  the  well  is  10  inches  and 
150,000  gallons  a  day  are  pumped  for  locomotive  use. 

In  the  hills  west  of  Rives,  which  is  on  the  broad  second  bottom  or 
terrace,  wells  average  70  to  80  feet  in  depth.  Cisterns  are  largely 
used. 

At  Samburg,  at  the  foot  of  the  lake  bluff,  water  is  obtained  from 
numerous  springs  that  flow  from  the  bluff.  Wells  are  very  shallow 
and  the  water  poor. 

At  Spout  Spring  there  are  some  springs  and  ordinary  wells,  but  cis- 
terns are  more  commonly  used  than  anything  else. 

At  Troy  wells  average  about  25  feet  in  depth  and  furnish  hard 
water. 

At  Union  City,  elevation  328  feet,  water  is  obtained  from  open  well.> 
that  average  about  25  feet  deep.  Small  tube  wells  are  from  150  to  20C» 
feet  deep.  The  tow^n  waterworks  has  two  8-inch  wells,  each  150  feet 
deep,  that  pump  240,000  gallons  per  day.  Each  has  40-foot  Cook 
strainers.  The  water  rises  within  35  feet  of  the  surface.  It  is  slightly 
hard,  but  does  not  form  a  scale.  The  ice  company  has  an  8-inch  well 
125  feet  deep,  with  a  30-foot  Cook  strainer.  The  water  rises  within 
28  feet  of  the  surface.  It  forms  a  little  soft  scale  that  is  easily  blown 
out  of  the  boilers.  The  waterworks  has  since  finished  a  535-foot  well, 
but  no  record  could  be  obtained  either  of  it  or  of  the  shallower  wells. 
The  health  of  the  town  is  said  to  be  greatly  improved  since  deep  water 
began  to  be  used.  Fevers,  both  malarial  and  typhoid,  have  decreased 
50  per  cent  or  more. 

At  Woodland  Mills  the  domestic  supply  is  obtained  from  dug  wells 
of  from  20  to  45  feet  depth. 

SHELBY   COUNTY. 

Toj)ography. — Shelby  County  is  in  the  southwest  corner  of  Tennes- 
see. It  is  bounded  on  the  west  by  Mississippi  River  and  or  the  south 
by  the  State  line.  The  area  is  769  square  miles.  The  lowest  portion 
of  the  county  is  the  flat  flood  plain  of  the  Mississippi  and  it-s  tributa- 
ries, the  largest  of  which  are  Loosahatchie  and  Wolf  rivers.  Along 
these  latter  streams  there  is  usually  a  terrace  or  second  bottom,  but 
this  is  not  so  w^ell  developed  nor  so  wide  as  the  corresponding  topog- 
raphic feature  in  Obion  County.  The  greater  part  of  the  county 
consists  of  the  gently  rolling  upland  that  slopes  slightly  northwest- 
W' ard  and  ends  abruptly  on  the  western  side  in  a  line  of  bluffs  that 
cross  the  county  north  and  south  and  overlook  the  Mississippi  swamp 
to  the  west.  The  average  elevation  of  the  county  is  about  300  feet. 
The  highest  point  is  about  400  feet  above  the  sea  and  is  on  the  south- 
eastern edge  of  the  county.     The  lowest  point  is  where  the  Missis- 
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sippi  leaves  the  State,  low  water  there  being  about  200  feet  above 
sea  level. 

Geology, — The  Lagrange,  Lafayette,  loess,  and  alluvium  are  all 
represented  in  the  couMly.  The  Lagrange  is  the  underlying  forma- 
tion of  the  entire  county.  As  shown  in  the  deep  well  at  Memphis 
(see  p.  114),  it  is  950  feet  thick,  the  upper  200  feet  being  clay  and  the 
remainder  sand  and  clay  interbedded  in  rapidly  varying  manner. 
PI.  VI  shows  the  abrupt  variation  in  the  character  of  the  individual 
strata  of  such  deposits  as  the  Lagrange. 

The  Lafayette  overlies  the  Lagrange.  In  some  places  it  has  been 
entirely  removed,  but  in  others  it  reaches  a  maximum  thickness  of  30 
to  40  feet.  It  consists  of  coarse  sand  with  a  large  but  varying  propor- 
tion of  gravel.  Above  it  is  the  loess,  which  may  attain  a  thickness  of 
60  to  80  feet,  but  is  usually  somewhat  less.  In  the  eastern  part  of  the 
county  it  mingles  with  and  passes  into  a  siu^ace  loam  which  overlies 
the  Lafayette.  The  river  flood  plains  have  a  deposit  of  Recent  allu- 
vium that  attains  a  thickness  along  the  Mississippi  of  over  100  feet. 

Water  resources, — Springs  and  shallow  wells  in  the  loess  furnish 
hard  water.  Wells  in  the  alluvium  also  give  poor  water,  which  seems 
here,  as  elsewhere,  to  become  more  highly  impregnated  with  iron,  mag- 
nesia, and  other  mineral  ingredients  the  deeper  the  well  is  sunk,  so 
that,  if  shallow  wells  are  to  be  used,  the  shallower  the  better,  so  far  as 
the  mineral  contents  of  the  water  are  concerned.  In  the  loess  area 
many  use  cisterns.  Deep  water  of  good  quality  may  generally  be 
obtained  in  the  Lagrange  at  a  depth  of  from  200  to  500  feet,  though 
locally  the  sands  are  too  fine  for  even  the  finest  strainers,  as  has  been 
the  case  in  a  number  of  borings  in  Memphis.  A  number  of  features 
concerning  the  Memphis  supply  that  are  discussed  in  the  local  data 
(p.  108)  are  more  or  less  applicable  to  water-supply  problems  all  over 
the  county. 

At  Arlington  cisterns  are  used  and  numerous  shallow  wells  in 
gravel  strike  water  at  a  depth  of  from  15  to  35  feet.  Some  of  the 
water  is  soft,  some  hard,  and  some  contains  iron  and  sulphur.  The 
Louisville  and  Nashville  Railroad  well,  228  feet  deep,  gets  water  in 
sand  at  195  feet  which  rises  within  12  feet  of  the  surface.  The  water 
is  piu*e  and  soft  and  excellent  for  locomotive  use.  The  log,  given  from 
memory,  is  as  follows: 

Log  cf  well  of  Louisville  and  Nashville  Railroad  at  Arlington,  Tenn. 


,  Thickness. 

I 


I  Feet. 

Loess SO 

Orange  sand  and  gravel 12 

Clay,  Drown,  with  some  lignite 133 

Sand,  white,  water-hearing  (entered) 


Depth. 


Feet. 

50 


195 
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200       4O0       600       800      1000  feet 

I I IJ I I I 

Fig.  8.— Diagram  showing  location  of  wells  at  Memphis.  Texm. 
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The  strainer  is  32  feet  long  and  the  well  yields  all  that  can  be 
pumped  by  a  suction  pump  set  on  the  surface,  of  24,000  gallons  per 
hour  capacity. 

At  Bartlett  there  are  only  common  wells. 

At  Bleak  there  are  ordinary  shallow  wells,  some  very  strong 
springs,  and  a  driven  well  2i  inches  in  diameter  and  176  feet  deep,  in 
which  the  water  rises  within  47  feet  of  the  surface  and  is  hard. 

At  Brunswick  wells  vary  in  depth  from  20  feet  in  the  lowlands  to 
70  feet  on  the  hills.  The  lowland  water  is  ofipoor  quality.  That  in 
the  hills  is  good  and  soft. 

At  Buntyn,  elevation  290  feet,  on  the  flat  upland  between  Wolf 
River  and  Nonconnah  Creek,  water  is  found  in  the  Lafayette  or  upper 
part  of  the  Lagrange  at  depths  that  vary  from  40  to  85  feet.  Most 
wells  are  bored. 

At  Capleville,  elevation  317  feet,  cistern  water  is  largely  used. 
Wells  range  from  40  to  126  feet  in  depth.  The  deeper  wells  furnish 
soft  water. 

At  CoUierville,  elevation  377  feet,  cisterns  were  formerly  used  very 
largely.  Water  is  found  at  a  depth  of  95  to  100  feet  in  sand  so  fine 
that  it  rapidly  fills  the  wells  and  so  but  few  are  used.  A  town  system 
of  waterworks  has  been  established  with  two  wells  6  feet  apart, 
driven  239.  and  248  feet,  with  16-foot  Cook  strainers.  The  water 
stands  95  feet  below  the  surface  and  is  raised  by  pumps  that  have  a 
capacity  of  7,500  gallons  per  hour.  The  water  is  reported  to  be  very 
pure  and  fevers  are  said  by  physicians  to  have  decreased  50  per  cent 
since  its  use  began.     The  log  of  the  248-foot  well  is  as  follows: 

Log  ofweU  at  CoUiervUU,  Term. 


Clav  soil : 

Red  sand  and  gravel 

White  sand  with  water  at  95  feet;  grows  coarser  downward . 

Pipe  clay 

Sand  and  gravel,  water  bearing 


Thickness. 

Depth, 

Feet. 

Feet. 

6 

6 

14 

20 

150 

170 

R 

178 

82 

260 

The  gravel  at  248  feet  was  better  than  that  at  260  feet  and  the  pipe 
was  pulled  back  to  it.  Good  pure  springs  are  found  at  the  foot  of  the 
ridge  on  either  side  of  the  town  and  wells  in  the  lowlands  of  either  the 
Wolf  or  the  Cold  water  average  about  20  feet  deep.  There  are  several 
tubular  wells  2  J  inches  in  diameter  and  130  to.  140  feet  deep  in  the 
vicinity.     Most  of  them  are  pumped  by  gasoline  or  steam  engines. 

At  Cordova,  elevation  372  feet,  water-bearing  strata  are  struck  at 
depths  of  50,  80,  and  100  feet.  There  are  several  small  tubular  wells 
that  draw  from  the  lowest  stratum  at  a  depth  of  125  or  130  feet.  The 
water  is  soft  and  is  used  for  both  boiler  and  domestic  purposes. 
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At  Eads,  elevation  348  feet,  there  are  very  few  wells  or  springs, 
cisterns  being-  used  almost  exclusively. 

At  Foresthill  open  and  bored  wells  are  used,  the  latter  being  about 
100  feet  deep.     The  water  is  abundant  and  soft. 

Germantown,  elevation  377  feet,  is  supplied  partly  by  cisterns  and 
partly  by  wells  that  have  a  range  in  depth  of  38  to  70  feet  and  an 
average  of  60  feet. 

Granberry  obtains  a  supply  chiefly  from  ordinary  wells.  One 
2-inch  well  118  feet  de^p  furnishes  an  abundant  supply  of  soft  wat^r 
for  a  gin  and  mill. 

Irene  gets  its  water  supply  from  shallow  wells  and  cisterns.  One 
tubular  weU  2J  inches  in  diameter  and  175  feet  deep  furnishes  a 
boiler  supply  for  a  mill. 

Kerrville,  elevation  335  feet,  gets  its  water  supply  almost  entirely 
from  ordinary  dug  wells  30  to  50  feet  deep. 

At  Madge  wells  are  from  20  to  75  feet  in  depth.  The  water  is 
s(ft,  but  not  always  abundant. 

At  Massey,  elevation  323  feet,  there  is  one  200-foot  well  yielding 
water  reported  to  be  hard. 

At  Mayville,  near  Nonconnah  Creek,  there  are  only  shallow  bored 
wells. 

Memphis  has  an  elevation  of  250  to  280  feet  in  the  business  part 
of  the  city,  but  in  the  eastern  part  the  general  elevation  is  300  feet 
or  more.  Extreme  low  water  in  the  Mississippi  is  182  feet  and 
extreme  high  water  218  feet.  Prior  to  1870  the  entire  water  supply 
was  obtained  from  cisterns  and  individual  shallow  wells.  A  public 
supply  from  Wolf  River  was  then  introduced,  but  it  was  never  per- 
fectly satisfactory,  chiefly  because  of  its  turbidity.  In  1886  an  ice 
company  sunk  a  well  354  feet  deep  and  obtained  a  flow  of  water 
which  rose  several  feet  above  the  surface.  EflForts  to  obtain  a  city 
supply  from  the  same  sources  were  so  successful  that  a  temporary 
pumping  plant  for  the  wells  then  simk  was  erected  in  1889  and  the 
Wolf  River  plant  abandoned.  In  1890  the  present  pumping  station 
was  put  into  operation,  and  since  then  there  has  been  a  constant 
extension  in  the  wells  and  the  distributing  mains.  In  August,  1903, 
124  wells  had  been  put  down,  of  which  16  failed  to  find  a  stratum 
of  coarse  sand  thick  enough  to  justify  completing  them,  and  4  had 
not  then  been  connected.  The  first  42  wells  sunk  were  abandoned 
in  1899,  having  had  a  life  of  about  ten  years  each.  The  wells  made 
now  are  of  better  material  and  are  better  cared  for  and  will  prob- 
ably last  fifteen  years.  For  depreciation  and  city  growth  about 
eight  or  ten  new  wells  are  required  each  year.  The  cost  of  each 
new  well  is  about  $5,000. 

The  texture  of  the  sand  variieis  very  rapidly,  so  that  while  the 
entire  mass  is  water-logged,  sand>  coarse  enough  to  be  kept  out  of  a 
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strainer  with  slots  one  one  hundred  and  fiftieth  of  an  inch  wide  may 
not  be  found  at  the  same  level  in  two  adjacent  wells,  but  they  may 
*'get  water'' — that  is,  get  coarse  sand — at  very  different  depths  or 
one  well  may  not  get  it  at  all  (see  fig.  9).  If  fine  sand  only  is 
encountered,  the  well  is  not  finished,  as  this  sand  cuts  out  the 
strainer  slots  in  a  year  or  two  and  also  fills  up  the  tunnels  and 
pump  well.  At  best  the  life  of  the  strainers  is  only  about  three  and 
one-half  or  four  years.    They  are  overhauled  at  the  end  of  two  years. 

The  yield  per  well  varies  considerably  because  of  differences  in  the 
coarseness  of  the  sand  in  which  the  strainers  are  placed:  Wells  100 
feet  apart  may  show  wide  variation  from  this  cause.  Well  No.  94 
when  new  had  a  capacity  of  988,000  gallons  per  mohth,  while  No. 
98,  one  block  distant, 
gave  only  401,000  gal- 
lons per  month.  New 
wells  should  have  a 
monthly  capacity  of 
500,000  to  700,000 
gallons.  Within  two 
or  three  months  they 
usually  run  down  to 
about  400,000.  Occa- 
sionally one  holds  up 
for  six  months  or  a 
year.  Five  months  af- 
ter starting;  well  No. 
94  had  decreased  to 
591,000  and  No.  98  to 
363,000  gallons.  This 
decreased  flow  is  caused 
by  the  stopping  up  of 
the  pores  in  the  coarse 
sand  around  the  strainer  or  of  the  slots  in  the  strainer  itself  by  fine 
sand  carried  in  by  the  draft  of  water  entering  the  well.  To  remedy 
it  water  is  forced  back  by  the  pumps  from  the  well  into  the  sand 
around  it.  In  this  flushing  a  device  is  used  that  permits  the  water 
to  be  forced  out  through  the  slots  of  only  a  small  portion  of  the 
strainer  at  a  time,  thus  insuring  a  much  more  thorough  cleansing 
than  would  otherwise  be  possible.  Wells  are  flushed  foot  by  foot 
about  twice  a  year,  and  at  times  between  they  are  flushed  the  entire 
length  of  the  strainer  at  once.  After  flushing,  the  wells  often  show 
a  larger  flow  than  when  new.  Four  wells  that  had  fallen  off  32  per 
cent  in  nine  months  increased  their  flow  after  flushing  about  13  per 
cent  above  the  original  amount. 

The  level  to  which  water  from  the  Lagrange  sand  originally  rose 


Fio.  9.— Diagram  showing  variation  in  toxture  of  sand  and  its 
effect  on  depth  and  success  of  a  well.  Wells  b  and  c  obtain 
water  from  the  same  lens  of  coarse  sand;  wells  a  and  d  fail 
to  strike  this  local  lens,  but  go  as  deep  again  and  obtain 
water  at  the  same  depth,  but  from  different  leases;  well  e 
fails  to  strike  coarse  sand  at  all  and  is  finally  abandoned. 
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at  Memphis  was  225.1  feet  above  the  sea.  This  elevation  was  suf- 
ficient to  permit  it  to  flow  at  the  surface  in  the  lower  parts  of  the 
city.  Where  the  city  wells  have  been  put  down  the  wat-er  will  not 
rise  to  the  surface.  Instead  of  placing  a  pump  in  each  well,  the  wells 
are  connected  by  underground  drifts  with  a  reservoir,  or  tunnel,  at 
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Fig.  10.— Section  of  well,  drift,  tunnel,  and  shaft  at  Memphis,  Tenn.    (After  Hider,  Omberg,  and  Bel. 

a  level  considerably  lower  than  that  to  which  the  water  would  rise 
in  them.  The  wells  discharge  into  this  tunnel,  which  is  5  feet  in 
diameter  and  about  three-fourths  of  a  mile  long.  It  is  situated  from 
75  to  80  feet  below  the  surface  of  the  ground,  in  the  upper  part  of 
the  thick  clay  bed  which  underlies  the  city  and  forms  the  impervi- 
ous upper  member  of  the  Lagrange  formation  at  this  point.     In  the 
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tunnel  the  water  flows  by  gravity  to  a  suction  chamber,  from  which 
it  is  lifted  to  the  surface  by  pumps  and  forced  into  mains  for  distri- 
bution over  the  city.  At  intervals  shafts  are  sunk  to  the  drifts,  and 
in  them  are  placed  gates  which  permit  groups  of  wells  to  be  cut  off 
from  the  remainder  and  each  individual  well  to  be  shut  off  from  the 
tunnel,  so  that  it  may  be  pumped  out  for  inspection  or  repairs.  A 
section  of  well,  drift,  tunnel,  and  shaft  is  shown  in  fig,  10. 

When  the  water  in  the  suction  chamber  is  lowered  to  about  the 
bottom  of  the  suction  pipes  of  the  pumps,  the  wells  flow  under  their 
greatest  head.  When  less  water  is  pumped,  the  level  of  the  water 
in  the  pump  well  rises,  the  hedd  of  flow  for  the  wells  is  lowered,  and 
their  flow  automatically  diminishes  until  it  equals  the  amount  being 
pumped.  The  plant  contains  three  Worthington  direct-acting  pump- 
ing engines,  each  of  10,000,000  gallons  daily  capacity.  The  water  is 
forced  by  these  pumps  directly  into  the  mains,  which  connect  with 
a  steel  standpipe  20  feet  in  diameter  and  160  feet  high.  This  serves 
chiefly  as  a  pressure  regulator,  though  to  a  very  limited  extent  it 
also  acts  as  a  reservoir. 

The  water  is  clear  and  sparkling  when  freshly  drawn,  but  on 
exposure  or  heating  gives  off  free  carbonic  acid  gas  and  then  precipi- 
tates iron  oxide,  the  iron  at  first  existing  in  the  water  as  a  carbonate. 
The  nascent  carbonic  acid  attacks  the  threads  on  wTought-iron  pipe 
and  corrodes  them,  but  does  not  seriously  damage  brass  or  cast  iron 
or  the  inside  of  wrought-iron  pipes.  In  steam  boilers  a  scum  or  soft 
scale  is  formed,  but  does  little  or  no  damage  if  the  boilers  are  fre- 
quently cleaned.  For  drinking  and  many  other  purposes  the  water 
is  very  satisfactory,  but  there  is  enough  calcium  carbonate  present 
to  interfere  somewhat  with  its  use  in  laundry  work,  for  which  many 
use  cistern  water.  When  the  artesian  water  is  heated,  however, 
it  precipitates  the  calcium  carbonate  and  may  then  be  used  for 
washing. 

Analyses  of  Memphis  artesian  water. 


1. 

24.94 
64.86 

2. 



14.96 
60.86 

3. 

19.96 
74.84 

4. 

5. 

VoUtlle  solids 

Fixed  solids 

! 

Total  solids 

89.80 
2.165 

Little. 

None. 
.032 
.012 
.009 
.000 

84.82 
2.095 

Little. 

None. 
.023 
.000 
.006 
.000 

94.80 
2.494 

86.G4    1          92.85 
1.796  '         None. 
Little.       Pffwa<>Tit 

Chlorine.'. 

silica 

Nitrates 

None. 
.023 
.006 
.006 
.000 

None. 
Faint  trace 
ni4 

* 

Nitrites 

Free  ammonia 

fWk 

Albuminoid  ammonia 

.031  1             .014 
420  1 

• 

1, 2.  Charles  Smart,  analyst.  June,  1887. 

3.  Charles  Smart,  analyst,  July,  1888. 

4.  J.  W.  Mallet,  analyst,  June,  1887. 

5.  E.  H.  S.  Bailey,  analvst,  June,  1887. 

In  addition  Professor  Mallet  reports  aA  present  noda,  potassia,  liiue,  magnesia.  Iron,  iron  carbonate, 
sulphates,  traces  of  phosphates,  free  nitrogen,  almost  no  oxvgen,  organic  carbon  0.86,  organic  nitrogen 
0.28  part  per  miUion . 
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There  has  been  a  remarkable  lowering  of  the  death  rate  since  the 
introduction  of  the  artesian  water  and  the  extension  of  the  sewer- 
age system.  While  this  has  been  partly  due  to  better  sanitary 
conditions  resulting  from  the  development  of  the  sewer  system,  it 
has  also  been  due  largely  to  the  healthfulness  of  the  water  itself. 
The  increase  of  population,  extension  of  sewers,  and  increased  use 
of  city  water  are  graphically  shown  in  their  relationship  to  the 
decreasing  death  rate  in  fig.  11. 

Most  of  the  wells  in  use  are  located  within  an  area  of  a  quarter 
of  a  square  mile,  and  it  is  calculated  that  the  ultimate  limit  of 
economic  supply  from  this  area  will  be  about  25,000,000  gallons  per 
day.  The  present  daily  consumption  is  over  20,000,000  gallons  and 
this  rate  shows  each  year  an  increase  of  about  1,000,000  gallons. 
In  order  not  to  interfere  with  the  yield  of  the  present  cluster  of 


:tsoco 


Fia.  11.— Diagram  showing  increase  of  population  and  decrease  of  death  rate  in  Memphis,  Tenn.,  lifter 
the  extension  of  sewers  and  water  mains.    (After  Hlder,  Omberg,  and  Bell.) 

wells,  new  wells  are  now  being  located  in  South  Memphis,  at  a  dis- 
tance of  4  or  5  miles  from  the  old  wells,  where  a  new  group  may 
soon  be  developed,  so  as  to  give  a  similar  yield  of  about  25,000,000 
gallons  a  day  from  a  quarter  of  a  square  mile:  When  the  city  has 
grown  large  enough  to  require  a  daily  supply  of  50,000,000  gaUons 
additional  units  must  be  provided  to  meet  both  the  normal  increase 
in  consumption  and  the  deterioration  in  condition  and  consequently 
decreased  yield  of  the  units  already  fully  developed.  It  is  con- 
ceived by  the  writer  that  just  as  the  sand  in  the  small  area  around 
each  well  becomes  more  or  less  clogged  by  the  indraft  of  water  to 
the  well,  so  the  sand  around  any  quarter  square  mile  or  other  imit 
area  will  in  time  become  similarly  clogged  and  show  a  decreased 
yield.     Such  decrease  will  be  permanent,  for  it  will  manifestly  be 
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impracticable  to  flush  out  an  underground  area  of  even  compara- 
tively small  size  when  in  order  to  flush  a  single  well  most  eflSciently 
it  must  be  taken  a  foot  at  a  time.  The  expansion  of  the  present 
system  involves  an  extension  of  mains  and  the  erection  of  new 
substations  at  considerable  cost.  The  writer  believes  that  the  pres- 
ent system  is  not  capable  of  indefinite  expansion,  and  hence  that  it 
can  not  be  regarded  as  a  permanent  system  for  a  rapidly  growing 
city  like  Memphis.  When  it  has  been  extended  to  its  ultimate  eco- 
nomic Umit,  the  city  must  either  turn  to  Mississippi  River  for  a 
water  supply  or  explore- the  deeper  lying  sands  in  the  hope  that  they 
may  yield  a  more  abundant  supply  than  is  found  in  the  Lagrange. 
When  this  limit  will  be  reached  it  is  impossible  to  say.  It  may  be 
reached  in  twenty-five  years  from  now,  or  it  may  possibly  be  fifty 
years.  The  present  supply  has  numerous  advantages  from  a  sanitary 
point  of  view  which  render  its  retention  and  further  enlargement 
advisable  as  long  as  it  can  be  done  with  economy. 

The  problems  arising  from  the  use  of  Mississippi  River  water  do 
not  require  extended  discussion  here.  If  the  turbidity  were  removed 
by  settling  or  filtration,  or  a  combination  of  the  two,  the  principal 
objection  to  the  use  of  the  river  water  would  be  removed.  Other 
problems  would  be  of  purely  an  engineering  character  and  would  be 
as  capable  of  easy  solution. 

The  hydraulic  level  in  the  vicinity  of  the  city  pumping  plant  has 
been  successively  lowered  by  the  increase  of  the  amount  pumped 
so  that  the  actual  hydraulic  surface  in  the  water-bearing  sand 
around  the  city  pumping  station  forms  an  inverted  cone  whose 
apex  is  a  point  in  the  pump  shaft  at  an  average  elevation  above 
the  sea  of  170  feet,  the  water  in  the  shaft  being  kept  down  to  this 
level  by  the  pumps.  The  curves  made  by  the  hydraulic  surface  in 
1898  and  in  1902,  when  about  9,000,000  and  12,000,000  gallons, 
respectively,  were  pumped  daily,  are  graphically  shown  in  fig.  12. 
The  probable  surface  resulting  from  the  establishment  of  a  second 
pumping  plant  is  also  shown. 

In  view  of  the  steady  increase  in  the  consumption  of  water,  the 
Ripley  formation  should  be  tested  as  a  water  bearer.  It  would  not 
take  much  additional  work  to  deepen  the  1,147-foot  well  sufficiently 
for  that  purpose,  since  it  can  not  be  far  above  the  top  of  the  Ripley 
as  it  now  stands.  Details  as  to  the  probable  thickness  of  the  Porters 
Creek  formation  at  Memphis  are  given  on  page  31.  It  is  impossible 
to  predict  accurately  the  condition  of  the  Ripley  beds  at  Memphis 
or  the  character  of  the  water  they  may  contain.  It  is  very  prob- 
able that  this  formation  would  be  found  there,  as  elsewhere,  to  be 
coarse  enough  to  be  a  water  bearer  and  that  the  water  contained  in 
it  would  be  of  good  quality.  There  is  no  special  reason,  indeed,  for 
believing  that  it  would  yield  water  much  different  from  that  now 
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obtained  in  the  Lagrange  sands,  for  the  two  formations  are  very 
similar  in  lithologic  character.  Should  the  deep  well  be  sunk  to  the 
Ripley  and  the  water  there  be  found  insufficient  in  quantity  or 
inferior  in  quality  the  well  need  in  no  wise  affect  the  present  supply. 
If  it  were  desired  to  shut  off  the  water,  the  well  could  be  plugged  at 
any  depth  desired  and  the  pipe  above  that  depth  either  cut  or  allowed 
to  remain. 
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DISTANCE    FROM    PUMPING   STATION 


Fig.  12.— Piagram  showing  slope  ot artesian  hydraulic  surface  and  probable  effect  of  a  seoond  pomplaf 
station  at  Memphis,  Tenn.    (After  Hider,  Omberg,  and  Bell.) 

The  Ripley  is  probably  underlain  by  the  Selma  clay,  and  it  in  turn 
by  the  Eutaw  sand,  which  is  also  water  bearing.  The  depth,  how- 
ever, to  the  Eutaw  at  Memphis  is  probably  so  great  as  to  prevent 
its  economical  use  for  city  water  supply  unless  the  yield  per  well 
were  much  greater  than  that  obtained  from  any  of  the  wells  now 
in  use. 


Log  ofWeU  No.  109,  Memphis,  Tenn. 
[Elevation,  238  feet.] 
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Hard  brown  clay 

Very  bard  brown  clay 

Hard  brown  clay 

Slightly  hard  bine  clay 

Hard  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Fine  sand 

Fine  sand  and  lumps  of  blue  clay . . 
Coarse  sand  and  lumps  of  blue  clay 

Soft  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Sandy  blue  clay 

Fine  sand 

Sandy  blue  clay 

Fine  sand 

Coarse  sand  and  clay 

Soft  blue  clay 

Clay  and  sand 

Very  fine  sand 

Very  fine  sand  and  clay , 

Very  fine  sand 

Very  coarse  sand  with  lignite 

Lignite,  pyrite,  and  clay 

Very  fine  sand  and  lignite 

Soft  white  clay 

Very  fine  sand 

Hard  brown  clay 

Fine  white  sand , 

Hard  brown  clay 

Fine  sand 

Stiff  brown  clay 

Very  hard,  substantial  rock 

Very  stiff  bhie  clay 

Very  hard  clay 


Thickness. 


Depth. 


Feet, 

Feet. 

1 

129.3 

5.7 

135 

61 

196 

18 

214 

9 

223 

53 

276 

27 

303 

35.4 

338.4 

41.6 

380 

10 

390 

17 

407 

10 

417 

15 

432 

13 

445 

7 

452 

22 

474 

26 

476.6 

6.6 

483.2 

.8 

484 

6 

490 

2.3 

492.3 

17.7 

510 

25 

535 

38.2 

573.2 

16.8 

590 

8 

598 

2 

600 

195 

795 

17 

812 

53 

865 

31 

896 

30 

926 

24 
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.5 
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27.9 
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1,147.6 

At  Millington  water  is  obtained  at  a  depth  of  20  to  40  feet  and  bet- 
ter water  at  80  to  100  feet.     Cisterns  are  largely  used. 

At  MuUins,  elevation  284  feet,  water  is  obtained  from  springs,  cis- 
terns, and  wells  that  average  30  or  40  feet  in  depth. 

At  Pearley  the  wells  are  from  16  to  60  feet  deep. 

At  Ramsey  cisterns  only  are  used. 

At  Sloanville  water  is  struck  in  Lafayette  gravel  at  a  depth  of  34 
feet.  Water-bearing  gravel  is  also  reached  at  a  depth  of  83  feet. 
Some  wells  yield  soft  water,  but  in  most  it  is  hard. 

At  Whitehaven,  elevation  303  feet,  only  dug  or  bored  wells  of  about 
50  feet  average  depth  are  in  use. 

TIPTON    COUNTY. 

Topography. — Tipton  County  is  bounded  by  Mississippi  River  on 
the  west.  Its  area  is  430  square  miles.  The  surface  may  be  divided 
topographically  into  three  parts,  the  lowest  of  which  is  the  alluvial 
plain  of  Mississippi  and  Hatchee  rivers.  This  low  plain  forms  a 
narrow  belt  along  the  western  and  northern  borders.  Next,  there  is 
along  the  Hatchee  a  terrace  belt  of  varying  but  not  great  width. 
The  third  part  is  the  upland  surface,  which  is  gently  rolling  or  level 
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except  near  the  bluffs  that  form  its  western  margin,  where  it  is  cut 
into  steep-sided  hills.  The  average  elevation  is  about  325  feet,  but 
the  elevations  of  only  a  few  points  in  the  county  are  known.  The 
highest  of  these  is  378  feet,  on  top  of  the  bluff  at  Randolph.  The  low- 
est (about  200  feet)  is  at  low  water  in  the  Mississippi  where  it  leaves 
the  county. 

Geology, — The  geology  of  the  county  is  exactly  similar  to  that  of 
Shelby  County,  just  south  of  it.  The  Lagrange  everywhere  underlies 
the  alluvium  in  the  bottoms,  and  the  Lafayette  on  the  uplands.  The 
Lafayette  in  turn  is  overlain  by  the  loess  and  the  latter  seems  to 
extend  down  onto  the  terrace  area. 

Water  resources, — The  county  is  fairly  well  watered  by  flowiDg 
streams,  which  are  the  main  dependence  for  stock  water.  For 
domestic  use,  wells,  cisterns,  and  springs  are  used,  wells  being  the 
most  common.  Wells  in  the  loess,  as  well  as  springs  that  flow  from  it, 
give  hard  water.  The  use  of  small  driven  wells  from  100  to  several 
hundred  feet  deep  is  becoming  more  general.  Good  soft  water  from 
the  Lagrange  sand  should  be  obtained  almost  anywhere  at  depths  of 
from  100  to  250  feet.     The  entire  drainage  is  to  the  Mississippi. 

At  Almira  wells  average  65  or  70  feet  in  depth;  some  are  dug, 
others  bored.  The  dug  wells  are  the  more  satisfactory.  The  wat-er 
is  generally  soft. 

At  Atoka,  elevation  424  feet,  water  is  obtained  chiefly  from  ordi- 
nary wells.  There  are  a  few  springs,  but  most  of  them  go  dry  during 
the  summer. 

At  Bride  there  is  difficulty  in  drilling  wells  because  of  caving.  The 
water  is  hard.     Cisterns  are  used  almost  exclusively. 

At  Covington,  elevation  316  feet,  water  is  generally  obtained  from 
open  wells  of  about  40  feet  average  depth.  The  town  system  is  sup- 
plied by  four  wells  6  inches  in  diameter  and  100  to  110  feet  deep. 
Each  flows  3  gallons  a  minute  under  a  head  of  about  5  feet.  The 
daily  consumption  is  50,000  gallons.  Direct  pressure  is  used.  The 
water  is  soft  and  of  excellent  quality,  and  the  health  of  the  town  has 
been  greatly  improved  by  its  use.  The  section,  reported  from  mem- 
ory, is  as  follows : 

Log  ofweUa  at  Covington^  Tenn. 


Surface  clay 

Blue  clay 

White  and  reddish  sand . 
Coarse  white  sand 


Thickness,  i     Depth. 
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4  12 
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At  the  station  the  Illinois  Central  Railroad  has  an  8-inch  well  533 
feet  deep,  in  which  the  water  rises  within  31  feet  of  the  surface.     It 
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has  a  temperature  of  66°  F.,  is  soft,  and  makes  a  good  boiler  water. 
Nine  thousand  gallons  per  minute  may  be  obtained  with  the  present 
pumping  plant.     The  record  given  is  as  follows: 

Log  of  well  at  Illinois  Central  station,  Covingtony  Tenn, 


B\\ie  clay ; 

Fine  white  sand 

Blue  clay 

Quicksahd , 

Fine  tough  grav  clay 

Sand * 

White  pipeclay 

Very  coarse  sand,  water-bearing. 
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At  Dawsons  the  wells  on  the  upland  range  from  40  to  80  feet  in 
depth.  An  occasional  well  furnishes  soft  water.  Wells  in  the  bot- 
toms are  10  to  20  feet  deep,  and  the  water  rises  to  the  top  during 
the  winter. 

At  Gift  cisterns  are  used. 

At  Mason  water  is  obtained  at  a  depth  of  about  35  feet.  One  well 
is  200  feet  deep. 

At  Phelan  water  is  obtained  from  dug  wells  45  to  60  feet  deep.  The 
water  in  most  of  them  is  good,  but  is  easily  lowered. 

At  Quito  cisterns  are  most  used.  Wells  average  35  feet  in  depth, 
and  the  water  is  generally  hard.  Two  miles  to  the  west,  along  the 
bluffs  overlooking  the  Mississippi  alluvial  region,  springs  are  abundant. 

At  Tabernacle  there  is  a  4-inch  bored  well  sunk  to  a  depth  of  225 
feet.  The  water  is  abundant  and  soft  and  rises  to  within  106  feet  of 
the  surface.  The  section  down  to  184  feet,  where  the  water  rose  78 
feet  in  the  pipe,  was  chiefly  alternating  sand  and  clay.  This  was 
followed  by  a  thin  sand-ironstone  layer,  then  21  feet  of  blue  clay,  and 
beneath  it  another  sand,  which  was  entered  to  a  depth  of  225  feet 
from  the  surface.  The  water  in  this  sand  rose  within  165  feet  of  the 
surface  only,  and  so  the  casing  was  pulled  back  and  the  well  made  at 
184  feet. 

At  Tipton,  elevation  342  feet,  dug  wells  from  30  to  50  feet  in  depth 
furnish  hard  water.     Some  springs  are  also  used. 

At  Walts,  on  the  Mississippi,  the  only  wells  are  shallow  driven  wells 
in  which  the  water  rises  and  falls  with  the  river  surface.  The  quality 
of  the  water  is  not  good ;  the  shallower  the  wells  are  the  less  iron  the 
water  contains. 

WEAKLEY   COUNTY. 

Topography. — Weakley  County  is  bounded  by  the  Kentucky  line 
on  the  north  and  is  almost  midway  between  Tennessee  and  Mississippi 
rivers.     Its  area  is  565  square  miles.     The  surface  is  gently  rolling, 
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except  around  Dresden  and  in  the  northeastern  part  of  the  county, 
where  it  is  hilly.  The  general  slope  is  westward  and  the  drainage  is 
to  the  Mississippi.  Elevations  of  about  500  feet  are  found  on  some  of 
the  hills  near  Dresden.  South  Fork  of  Obion  River  has  an  elevation 
of  about  290  feet  where  it  leaves  the  county,  and  North  Fork  is  bui 
slightly  higher.     The  average  elevation  is  between  400  and  450  feet. 

Geology. — The  formations  of  the  county  are  the  Lagrange,  the 
Lafayette,  and  the  Columbia  loam.  The  Lagrange  underlies  the 
entire  county,  and  wliile  generally  concealed  by  one  or  both  of  the 
other  formations  it  is  exposed  in  the  deeper  railway  and  stream  cut- 
tings. It  consists,  as  usual,  of  soft  sands  int^rbedded  with  occa- 
sional strata  of  clay.  The  Lafayette  is  a  red  clayey  sand  and  con- 
tains very  little  gravel.  It  is  10  to  20  feet  thick  and  is  exposed  in 
most  of  the  natural  and  artificial  cuttings.  Over  it  are  generally 
found  5  to  10  feet  of  a  softer,  lighter-colored  sandy  loam  that  in  place? 
is  very  much  like  loess  in  its  physical  characteristics. 

Water  resources. — The  county  is  watered  by  numerous  streams,  the 
larger  of  which  flow  westward.  Many  of  the  smaller  streams  become 
dry  during  the  late  summer  and  autumn  and  recourse  is  then  had  to 
ponds  and  wells  for  stock  water.  Springs  are  not  numerous  nor 
strong.  The  ground-water  level,  as  is  often  the  case  in  the  middle 
and  eastern  parts  of  the  Lagrange  belt,  lies  at  some  distance  below 
the  surface,  and  wells  which  furnish  the  chief  water  supply  average 
60  or  more  feet  in  depth.  In  some  cases,  where  the  depth  to  water 
is  greater  than  usual,  cisterns  are  used. 

At  Dresden,  elevation  416  feet,  there  is  no  system  oi  waterworks; 
water  is  obtained  chiefly  from  open  wells  that  average  50  feet  in 
depth.  The  water  is  good,  soft,  and  abundant.  A  few  persons  use 
cisterns.  In  the  surrounding  country  wells  in  low  places  near 
streams  may  be  only  20  feet  deep,  while  on  hills  they  go  to  80  feet 
or  more. 

At  Gardner,  elevation  337  feet,  water  is  obtained  from  common 
open  wells  only. 

At  Gleeson  Station,  elevation  397  feet,  good  water  is  struck  at 
depths  of  50  to  100  feet. 

At  Greenfield,  elevation  434  feet,  ordinary  wells  are  in  general  use. 
There  is  one  well  200  feet  deep  and  another  400  feet  deep,  detailed 
records  of  which  could  not  be  obtained.  The  water  in  the  200-foot 
well  rises  within  116  feet  of  the  surface,  and  is  pumped;  the  yield  ii; 
60  gallons  per  minute.  The  water  contains  some  iron  and  is  used 
for  domestic  and  boiler  purposes.  The  water  in  the  400-foot  well  rises 
to  about  the  same  elevation,  but  is  dark  colored  and  does  not  taste 
good. 

At  Kimery  springs  are  weak  and  of  little  use.  Wells  25  to  100 
feet  deep  and  small  tubular  wells  100  to  160  feet  deep  are  used  The 
water  is  soft,  and,  in  the  deeper  wells,  abundant. 
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At  Logan  water  is  obtained  from  springs  along  the  hillsides  and 
from  wells  that  average  50  feet  in  depth. 

At  Martin,  elevation  419  feet,  water  is  obtained  from  cisterns  and 
open  wells.  The  wells  range  from  60  to  90  feet  in  depth  and  furnish 
good  soft  water  from  the  Lagrange  sand.  Occasionally  a  well  strikes 
water  above  a  local  hardpan,  at  the  base  of  the  Lafayette,  at  a  depth 
of  20  or  25  feet.  If  this  hardpan  is  diig  through  the  water  immedi- 
ately drains  down  into  the  underlying  dry  Lagrange  sand,  and  per- 
manent water  is  not  reached  short  of  60  to  80  feet  below  the  surface. 

The  town  put  in  a  system  of  waterworks  in  1898,  getting  the  supply 
from  two  8-inch  wells,  each  316  feet  deep.  The  water  rises  within 
90  feet  of  the  surface,  and  is  raised  by  air  lifts,  with  a  capacity  of 
12,000  gallons  per  hour  for  each  well,  into  two  surface  reservoirs  of 
28,000  and  96,000  gallons  capacity.  From  these  it  is  forced  into  the 
mains  by  direct  pressure.  The  town  wells  are  on  a  level  with  the 
railway  crossing.  No  complete  log  could  be  obtained.  The  water  is 
so  clear  that  it  looks  bluish ;  it  is  soft  and  excellent  for  domestic  and 
industrial  purposes.  The  ice  company  has  a  4-inch  well  130  feet  deep, 
the  top  of  which  is  about  2  feet  lower  than  the  town  wells.  The 
water  rises  within  69  feet  of  the  surface,  and  is  of  good  quality. 
From  the  record  of  this  well  and  other  sources  the  following  may  be 
given  as  the  approximate  section  at  Martin : 

OenerdLized  section  at  Martin,  Tenn.  Feet. 

Surface  sand  and  clay 20 

Sand  with  occasional  beds  of  clay,  each  3  or  4  feet  thick. .-. 50 

Sand,  water  bearing 10-  15 

Pipe  clay  (to  a  total  depth  of  100  feet ) 1 5-  20 

Sand,  water  bearing 30± 

Clay,  black  ligni te , 60-90 

Sand,  fine,  with  clay '. 80-100 

Sand,  coarse,  water  bearing 15+ 

The  upper  water-bearing  sand  seems  to  run  very  uniform  in  eleva- 
tion in  the  vicinity  of  Martin,  ranging  in  depth  from  25  feet  in  the 
valleys  to  150  or  160  feet  beneath  the  hills.  The  layer  of  ligni  tic 
clay  is  also  reported  to  underlie  a  large  part  of  the  country  around 
Martin.  Some  parts  are  pure  enough  lignite  to  bum  when  dried. 
Occasionally  a  log  of  lignite  is  struck  in  the  sand  over  the  lignitic 
clay. 

At  Meda,  elevation  424  feet,  water  is  obtained  from  cisterns,  from 
shallow  dug  wells  25  to  40  feet  deep,  and  from  small  bored  wells  50 
to  100  feet  deep.     The  water  is  soft,  but  is  not  very  abundant. 

At  Ore  Spring  there  are  some  ordinary  springs  and  shallow  open 
and  deep  bored  wells,  the  latter  ranging  from  60  to  100  feet  in  depth. 
The  water  is  abundant  and  soft. 

At  Ralstons  Station,  elevation  429  feet,  water  is  obtained  from 
cisterns,  and  shallow  wells  25  to  40  feet  deep.     There  is  one  tubular 


120      UNDEBGROUND   WATERS:    TENNESSEE,  KENTUOKY,  II*LIN0I3. 

well  166  feet  deep  that  furnishes  an  abundance  of  soft  water,  but  no 
record  of  it  could  be  obtained. 

At  Rinda  water  is  obtained  from  bored  wells  30  to  150  feet  deep. 

At  Ruthville  water  is  obtained  from  cisterns  and  from  ordinary 
wells  50  to  75  feet  deep. 

At  Sharon,  elevation  416  feet,  water  is  obtained  from  wells,  cis- 
terns, and  ponds.  The  wells  range  in  depth  from  50  to  150  feet,  but 
the  water  is  especially  good  and  abundant  at  100  to  150  feet.  At 
the  foot  of  the  hills  on  the  north  side  of  Obion  River  are  numerous 
springs.  Small  streams  go  dry  in  the  fall  and  ponds  are  used  for 
stock  water. 

At  Terrell  there  are  wells  from  30  to  60  feet  deep. 

At  Unity  water  is  obtained  from  common  wells  and  springs. 

MINERAL    WATERS   OF    WESTERN   TENNESSEE. 

There  are  a  number  of  mineral  springs  or  wells  in  western  Ten- 
nessee that  are  more  or  less  widely  known  for  their  therapeutic  prop- 
erties. Some  few  have  been  developed  into  summer  resorts,  but 
most  are  undeveloped  and  are  used  only  locally. 

Austin  Springs,  at  Unity,  Weakley  County,  have  something  more 
than  a  local  reputation  for  their  medicinal  properties.  They  are  1 5 
miles  east  of  Fulton,  Ky.  The  water  is  a  sulphureted  chalybeate, 
in  which  iron  is  the  chief  ingredient,  but  small  amounts  of  calcium, 
magnesium,  potassium,  sodium,  and  chlorine  are  also  reported  pres- 
ent. It  is  reputed  to  be  valuable  for  rheumatism  and  general  kidney 
and  stomach  troubles.     The  water  is  sold  locally. 

At  Bethel  Springs,  McNairy  County,  elevation  458  feet,  there  is  a 
chalybeate  spring  that  has  long  been  known  and  used  for  its  curative 
properties.     No  analysis  is  known  to  liAve  been  made. 

Brock  Springs,  in  the  western  part  of  Weakley  County,  10  miles 
west  of  Dresden,  is  a  local  resort,  but  has  no  permanent  improve- 
ments. Visitors  camp  out  and  live  in  tents.  The  quality  of  the 
water  could  not  be  ascertained. 

The  Cotton  artesian  well,  half  a  mile  southwest  of  Huntington, 
Carroll  County,  was  bored  in  1879  to  a  depth  of  67  feet  and  cased 
with  terra-cotta  piping.  The  water  flows  several  gallons  per  minute. 
It  is  a  very  palatable  chalybeate.     A  hotel  has  been  erected  near  it. 

Dunlap  Chalybeate  Springs  are  about  2i  miles  south  of  Bolivar, 
Hardeman  County. 

At  Dyersburg  the  water  for  the  Phoenix  Cotton  Oil  Companvs 
deep  well  has  considerable  local  repute  for  use  in  kidney  troubles. 
No  analysis*  has  been  made,  but  it  is  known  to  contain  considerable 
iron  and  a  little  calcium,  and  probably  magnesia  also. 

The  water  from  Essery  Springs,  3  miles  south  of  Pocahontas,  on 
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the  southern  edge  of  Hardeman  County,  has  been  known  for  years 
and  used  for  kidney  and  stomach  disorders. 

Gibson  Wells,  12  miles  northwest  of  Humboldt,  Gibson  County,  is 
one  of  the  best  developed  summer  resorts  of  western  Tennessee. 
Extensive  hotel  accommodations  have  been  provided.  The  wells 
afford  chalybeate  and  sulphur  waters  that  are  used  for  indigestion 
and  nervous  and  malarial  disorders. 

Glenn  Spring,  7  miles  from  Atoka,  Tipton  County,  is  at  the  base 
of  the  Mississippi  River  bluflFs.  The  water  has  long  been  used  for 
liver,  kidney,  and  digestive  disorders.  The  following  analysis  was 
made  in  1880  by  W.  T.  Lupton:*" 

Ajudysis  cf  alkaline  carbonate  vxUerfrom  Glenn  Spring ,  Tennessee. 


Parts  per 
miUion. 

Silica  (SiOa) 24 

Iron(Fe) 4.5 

Calcium  (Ca) 66 

Magnesium  (Mg) 35 

Sodium  (Na) 13 

Potasflium  (K) 2. 6 


Parts  per 
million. 

Carbonate  radicle  (OOj) 206 

Sulphate  radicle  (SO4) 2.  6 

Chlorine  (CI) 1.7 


355.4 


The  water  from  Hargrove  Spring,  6  miles  south  of  Ripley,  Lauder- 
dale County,  is  alkaline  and  useful,  especially  in  kidney  and  bladder 
troubles  and  for  gout  and  rheumatism. 

Hawkins  Spring,  IJ  miles  from  Huntington,  Carroll  County,  on  the 
edge  of  the  bottoms,  is  a  bold  chalybeate  spring. 

Hinson  Springs  is  on  the  Nashville,  Chattanooga  and  St.  Louis 
Railway,  2  miles  west  of  Lexington,  Henderson  County.  There  are 
two  chalybeate  springs,  two  sulphur  springs,  and  a  freestone  spring, 
all  near  each  other.  The  place  has  been  a  summer  resort  for  fifty  or 
seventy-five  years.  The  waters  have  not  been  analyzed,  but  they 
are  recommended  for  stomach,  kidney,  and  bladder  troubles. 

At  Jackson  there  is  an  artesian  well,  which  forms  part  of  the  city 
water-supply  system,  and  yields  water  that  is  regarded  as  having 
medicinal  properties.  A  description  of  it  has  already  been  given 
(p.  97).  The  water  is  slightly  chalybeate  and  alkaline,  as  the  follow- 
ing analyses  show: 

aCrook,  J.  K.,  Mineral  Waters  of  tba  United  States,  p.  439. 
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AnaLyMS  &f  vxUer  from  well  at  Jackwm,  Tenn. 
[Parts  per  mLlUon.] 


Silica  (SiOi) 

Oxides  of  iron  and  alumina  (FeiOa+ AliOs) 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Na) 

Carbonate  radicle  (COi) 

Sulphate  radicle  (SCO 

Chlorine  (CI) 

Potassium  (K) 

Free  ammonia 

Albumin  oil  ammonia ».. 

Residue  on  evaporation 

Residue  on  Ignition 

Soluble  organic  matter 

Insoluble  organic  matter 

Nitrate  radicle 


15 

.50  I 
2.9 


2.5 
3 


6.4 

4.3 
2.» 
13 

21 


5.1 


55.7 
44.7 
23.9 
20.8 


T 


! 


a  Not  detcrnnlned. 

1.  C.  N.  MUler,  analyst. 

2.  W.  E.  Stone,  analyst.  "  The  water  is  to  be  regarded  as  exceptionally  pure.  The  soiki  matter  u 
present  in  quantities  so  small  that  It  is  difficult  to  make  the  determination;  Its  form  Is  mainly  that  of 
sulphate  of  soda  and  lime,  with  traces  of  potash  and  magnesia." 

3.  Henry  Carmichael,  analyst.  "  The  water  represented  by  above  sample  Is  exceptionally  soft  and  ti 
well  adapted  for  boiler  supply  or  bleaching  purposes." 

4.  Pittsburg  Testing  Laboratory,  analyst. 

Mason's  wells,  in  Madison  County,  3  miles  from  Pinson  and  1 1  miles 
from  Jackson,  have  long  had  a  reputation  for  their  curative  proper- 
ties in  stomach  and  kidney  disorders.  The  water  is  chalybeate  and 
mildly  astringent.  The  principal  well  is  70  feet  deep  and  has  30  feet 
of  water  in  it. 

Pryor  Chalybeate  Spring,  2\  miles  east  of  Paris,  Henry  County, 
has  a  bold  flow. 

At  Raleigh,  Shelby  County,  is  a  group  of  six  springs  that  were 
analyzed  by  Mr.  Theo.  Hemner  and  found  to  contain  the  following:* 

Arudyais  <tf  vxiier  from  springs  at  RoLtighy  Tenn, 


Parts  per 
million. 

Silica  (SiOa) 26 

Iroii(Fe) 31 

Calcium  (Ca) 23 

Magnesium  (Mg) 9 

Sodium  (Na) 6.3 


Parts  per 
mfUion. 

Carbonate  radicle  (OOJ 86 

Sulphate  radicle  (SO4) 10.3 

Chlorine  (a) 6.2 

197  8 


Sulphur  Springs  water,  Decatur  County,  has  a  local  reputation 
for  dyspepsia  and  stomach  troubles.     No  analysis  has  ever  been  made. 

RESOURCES  OF  KENTUCKY,  BY  COUNTIES. 


BALLARD   COUNTY. 

Topography. — Ballard  County  is  in  the  extreme  northwestern  part 
both  of  the  Jackson  purchase  region  and  of  the  portion  of  Kentucky 

a  Saflord,  J.  M.,  An  annotated  catalogue  of  the  mineral  springs  and  wells  of  Tennessee,  a  cooinbo- 
tlon  to  a  report  on  the  water  supply  of  the  State:  Suppl.to  Bull.  State  Bd.  Health,  Tenn.  for  Oet., 

18W,  pp.  15. 16. 
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lying  west  of  the  Tennessee  River.  It  is  bounded  on  the  west  and 
north  by  Mississippi  and  Ohio  rivers  and  on  the  south  by  Mayfield 
Creek.  Its  area  is  237  square  nailes.  The  county  is  divisible  topo- 
graphically into  three  parts  that  difTer  in  their  general  surface  eleva- 
tion as  well  as  in  other  respects.  The  lowest  of  these  is  the  flood 
plain  or  bottoms  along  Mississippi  and  Ohio  rivers.  This  is  absent 
at  Wickliffe,  where  the  Mississippi  is  swinging  eastward  against  the 
bluffs,  but  its  width  reaches  6  miles  in  the  middle  western  part  of  the 
county  and  decreases  to  a  mile  at  the  northeast  comer  of  the  county. 
The  surface  of  this  plain  is  broken  by  a  number  of  low  sand  ridges 
whose  general  trend  parallels  the  river.  These  ridges  are  separated  by 
old  lakes,  ponds,  and  sloughs — the  remains  of  abandoned  and  partly 
filled  river  channels.  The  average  elevation  of  this  part  of  the 
county  is  between  300  and  320  feet.  The  higher  ridges  and  the  mar- 
gin along  the  river  bank  are  cultivated  in  many  places,  but  the  greater 
part  is  a  poorly  drained  wooded  swamp.  The  second  topographic 
division  is  an  old  terrace  level  with  a  surface  about  30  or  35  feet 
higher  than  that  of  the  flood  plain.  This  forms  a  belt  4  to  6  miles 
wide  that  crosses  the  northern  part  of  the  county  adjacent  to  the 
flood-plain  belt.  The  remaining  and  largest  part  of  the  county  is  the 
general  upland  region,  which  has  an  elevation  of  between  400  and 
425  feet.  The  surface  is  level  or  gently  rolling  except  near  the  western 
margin  and  along  the  streams,  especially  Mayfield  Creek,  where  it  is 
hilly. 

Geology, — The  surface  formations  are  the  Lagrange,  Lafayette, 
loess,  and  alluvium.  The  Lagrange  imderUes  all  of  the  county  except 
the  northern  part,  where  both  the  Porters  Creek  and  the  Ripley  are 
doubtless  to  be  found  beneath  the  thin  covering  of  alluvial  material. 
They  are  not  exposed  naturally  and  no  wells  have  been  sunk  to  them 
in  the  alluvial  region;  their  exact  position  and  boundaries  are  there- 
fore largely  conjectural.  The  Lagrange  has  its  usual  character,  being 
a  soft,  light-colored  sand  with  occasional  strata  of  clay.  It  is 
exposed  only  in  the  sides  of  the  deeper  and  more  abrupt  cuttings. 

Over  the  Lagrange  is  a  layer  of  10  to  30  feet  of  Lafayette  sand  and 
gravel.  This  extends  over  the  entire  upland  area  of  the  county, 
except  where  it  has  been  removed  by  stream  erosion.  It  apparently 
covers  the  terrace  area  in  the  northern  part  of  the  county  also, 
though  the  writer  is  not  sure  that  this  gravel  is  as  old  as  the  Lafa- 
yette gravel  on  the  uplands  to  the  south.  It  seems  more  probable 
that  it  is  an  Ohio  River  gravel  of  later  age.  This  terrace  belt  extends 
up  the  Ohio  to  Paducah,  McCracken  County,  which  is  situated  on 
it,  and  beyond,  and  throughout  presents  the  same  characteristics 
and  the  same  problem  as  to  the  age  of  its  gravels. 

The  alluvium  covers  the  flood  plains  of  the  two  great  rivers. 
Water  resources. — There  are  numerous  streams  that  generally  fur- 
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nish  water  for  stock.  In  some  places,  where  the  surface  is  flat,  natu- 
ral ponds  hold  water  practically  all  the  year,  and  artificial  ponds 
may  be  readily  made.  The  alluvium  furnishes  water  everywhere  at 
slight  depths,  but  the  quality  of  such  water  is  generally  poor  to  fair 
only.  The  gravel  on  the  terrace  and  on  the  upland  is  often  water- 
bearing. In  the  terrace  gravels  the  water  is  usually  hard,  while  on  the 
uplands  the  water  from  the  Lafayette  is  in  some  places  hard  and  in 
others  soft.  In  numerous  places,  however,  there  is  no  hardpan  or 
clay  at  the  base  of  the  Lafayette  to  form  an  impervious  basin,  and 
then  water  is  only  reached  at  a  considerably  greater  depth  in  the 
Lagrange.  An  abundance  of  water  of  good  quality  should  be  found 
practically  everywhere  at  the  base  of  the  embayment  deposits  or  in 
the  immediately  underlying  chert  that  forms  the  upper  part  of  the 
Paleozoic  floor.  The  depth  to  this  old  floor  is  probably  not  over  400 
or  500  feet,  except  on  the  southern  edge  of  the  county,  where  it  seems 
to  sink  rapidly  to  1,000  feet.  Good  water  may  be  obtained  in 
sufficient  quantity  for  manufacturing  or  domestic  purposes  from  the 
Lagrange  sand,  at  depths  of  150  to  300  feet,  in  almost  any  part  of  the 
county.     Over  the  uplands  ordinary  wells  are  60  to  100  feet  deep.. 

At  Bandana,  on  the  terrace  plains,  water  is  obtained  by  ordinary 
wells  at  moderate  depth. 

At  Barlow  City  water  is  struck  at  a  depth  of  about  70  feet.  Bored 
wells  and  cisterns  are  used. 

At  Blandville,  elevation  445  feet,  cisterns  are  used  principally, 
but  there  are  some  open  wells  that  reach  140  feet  in  depth. 

At  La  Center,  elevation  404  feet,  there  is  a  deep  well  drilled  for 
the  Illinois  Central  Railroad  for  engine  use,  the  log  of  which  is  as 
follows : 

Log  oflUinoia  Central  Railroad  toeU  at  La  CerUer,  Ky. 


Depth. 


Feet. 


Clay  (loess,  loam) 

Sand  and  clayl/T  a*a„^**^\ 

Cement  graveir^^'^y^**^) 

Mail  and^ItreAks  of  Mnd}^^^'^"*®)  '' 

Oumbo  (Porters- Creek) 

White  sand \/th«i««.n 

Brown  sand  and  clayp"^P^®y^ 

Limestone 1 

Gumbo  and  "EIco"  gravel,  mixedKMisslsslppian) . 
Brown  sand  and  clay J 


20 

ao 

18 

38 

38 

76 

34 

110 

28 

138 

112 

250 

5 

255 

132 

387 

10 

397 

48 

445 

113 

556 

At  LovelaceviUe,  in  a  valley  tributary,  to  Mayfield  Creek,  the  wells 
are  from  5o  to  40  feet  deep.  The  water  is  hard  in  some  and  soft  in 
others.     In  the  neighboring  hills  wells  run  50  to  100  feet  in  depth. 

At  Ogden  there  are  few  cisterns;  most  of  the  supply  is  obtained 
from  bored  wells.     The  region  is  so  flat  that  there  are  no  springs. 

At  Oscar  there  are  only  shallow  wells. 
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At  Slater  there  are  some  wells  ranging  from  40  to  75  feet  in  depth, 
but  the  water  is  generally  considered  poor  and  is  very  little  used. 
Cistems  are  almost  exclusively  used  for  domestic  supply,  while  ponds 
are  used  for  stock. 

At  Wickliffe,  elevation  322  feet,  there  are  only  a  few  open  wells 
that  average  40  or  50  feet  in  depth..  In  the  surrounding  country 
the  farmers  use  cistems  almost  exclusively,  the  water  from  shallow 
wells  being  hard  because  of  the  loess. 

The  town  built  waterworks  in  1901,  getting  the  water  from  a 
6-inch  well  147  feet  deep,  from  which  6,000  gallons  per  hour  are  pumped 
into  a  standpipe  for  distribution.     The  log  is  as  follows: 

lag  cf  iDoiertoorks  wdL  at  WicHiffe,  Ky. 


Yellow  clay 

Dark  clay 

Sand,  with  a  little  water 

Blue  clay,  partly  sandy 

Coarse  sand,  water  bearing. 
Potters'  clay  (penetrated) . . 


The  casing  was  pulled  back  to  147  feet  and  the  well  finished  with 
a  19-f6ot  strainer.  The  yield  has  shown  no  tendency  to  decrease. 
The  water  is  soft  and  quite  satisfactory  for  general  town  "purposes 
and  for  boiler  use. 

Analysis  oftoaterfrom  waterworks  weU,  at  Widdifftj  Ky. 

Parts  i>er 
million. 

Silica  (SiOa) 21 

Oxides  of  iron  and  aluminum  (FejO,  -f  AljO,) 8. 6 

Calcium  (Ca) 9.  5 

Magnesium  (Mg) 5. 1 

Sodium  (Na) 6.7 

Carbonate  radicle  (CO,) 27 

Sulphate  radicle  (SOJ 5.  8 

Chlorine  (CI) 6 

Free  CO, 85 

Alkalinity 70 

Incrusting  solids 71 

Nonincrusting  solids : 19 

A  few  years  ago  a  local  company  drilled  for  oil  in  the  southern 
edge  of  town  and  got  artesian  water  instead.  The  elevation  of  the 
well  head  is  about  20  feet  below  track  level  and  the  same  distance 
below  the  level  of  the  town  well  given  above.  The  water  flows 
about  5  or  6  gallons  a  minute.  The  following  log  was  given  from 
memory : 
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Log  of  wdl  in  9ouJthem  pari  cf  Widdiffe,  Ky. 


I  Tbicknesa.       Depth. 


Feet.  Fea. 

Yellow  clay  and  gravBl 12  r  12 

Potter'sclay ••-•IrT  A«^n«*^                                      /  130  1  ^^ 

Coarse  sand,  clear,  yeUowlsh,  or  reddish..  r^*«^°80) \  ^Od  i  «2 

Blue  marl  or  soapatone  (Porters  Creek) 158  |  «» 

Soft  sand,  water  bearing bi»i«wiv\                      1/  W'  ^^^ 

Blue  marl  with  some  kao!ln,  down  to  1,000  teet  depth. r*^^P"y^ 1\  »0  tOOO 

Flinty  limestone  (penetrated) l  20  I  1,»j3j 


The  present  flow  is  from  the  600-foot  level.  The  water  is  largely 
used  for  drinking  and  has  acquired  the  reputation  of  being  very 
valuable  for  kidney  diseases.  An  analysis  by  C.  G,  Heimichs  is  as 
foUows: 

AncHytia  cfwaterfrom  wdl  at  Widdiffe,  Ky, 

[Analyst,  C.  G.  Heinrichs.] 

Farts  ptT 

Silica  (SiOj) 7.3 

Iron(Fe) 1.6 

Calcium  (Ca) 40 

Magnesium  (Mg) 11 

Sodium  (Na) 47 

Carbonate  radicle  (00,) 87 

Bicarbonate  radicle  (HCO,) 48 

Sulphate  radicle  (SO  J 17 

Chlprine(Cl) 24 

2S3 

FreeOOj 41 

Li  t hiu m Strong  trace . 

A  view  of  this  well  is  given  in  PI.  VII,  A, 

CALLOWAY   COUNTY. 

Topography, — Calloway  County  is  in  the  southeast  comer  of  the 
Jackson  Purchase  region.  Its  southern  border  adjoins  Tennessee. 
and  its  eastern  boundary  is  Tennessee  River.  Its  area  is  402  square 
miles,  of  which  about  350  are  included  in  the  area  discussed  here. 
The  eastern  portion  along  Blood  Eiver,  adjoining  the  Tennessee 
Valley,  is  broken  and  hiUy,  and  there  are  also  hills  on  either  side  of 
the  forks  of  Clarks  River.  Away  from  the  neighborhood  of  the 
streams  the  surface  is  as  a  rule  gently  rolling.  South  of  Murray 
there  is  a  considerable  area  of  "flatwoods"  imderlain  and  caused  by 
the  Porters  Creek  clay.  The  highest  portion  of  the  couuity  is  alon.i! 
the  Tennessee  line,  where  an  elevation  of  about  600  feet  is  reached. 
The  general  slope  is  to  the  north.  The  average  elevation  of  the 
county  is  from  500  to  525  feet.  The  lowest  point  is  low  water  in 
the  Tennessee  at  the  northeast  comer  of  the  county,  which  is  about 
295  or  300  feet  above  the  sea. 
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A.    ARTESIAN  WELL  AT  WICKLIFFE,  KY. 


B.     LAGRANGE,  LAFAYETTE,  AND  COLUMBIA  FORMATIONS  AT  MAYFIELD,  KY. 


RESOUKGES  OF  CALLOW  AY  COUNTY,  KY.         127 

Otology. — The  formations  of  the  embayment  portion  of  the  county- 
are  the  Ripley^  Porters  Creek,  Lagrange,  Lafayette,  and  Columbia 
loam.  The  Ripley  consists  of  sands  and  clays  and  is  exposed  chiefly 
along  Blood  River  and  the  upper  part  of  Jonathans  Creek,  where 
the  surficial  formations  are  removed  by  stream  erosion.  It  dips 
to  the  west  beneath  the  Porters  Creek.  The  leaden-colored  clays 
and  greensand  of  this  formation  are  exposed  along  East  and  West 
forks  of  Clarks  River  and  their  tributaries.  An  excellent  exposure 
showing  numerous  small  interlacing  sandstone  dikes  may  be  seen 
at  low  water  on  East  Fork  of  Clarks  River,  between  the  highway  and 
railroad  bridges  just  south  of  town.  West  of  the  Porters  Creek 
formation  the  sand  and  clays  of'  the  Lagrange  are  found  in  the 
western  part  of  the  county.  All  of  the  older  formations  are  gener- 
ally concealed,  except  along  the  streams,  by  the  sand  and  gravel  of 
the  Lafayette.  This  gravel  is  in  places,  especially  in  the  central 
and  eastern  parts  of  the  county,  20  to  40  feet  thick.  An  excellent 
exposure  may  be  seen  in  the  railway  gravel  pit  just  south  of  Murray. 
It  is  there  a  highly  ferruginous,  prevailingly  orange-colored  gravel, 
which  is  distinctly  cross-bedded  and  has  numerous  sand  pockets 
and  some  iron  crusts  in  it.  It  shows  25  feet  of  gravel,  overlain  by  8 
or  10  feet  of  sandy  clay,  with  irregular  gravel  streaks  through  it  in 
places.  Above  the  Lafayette  in  many  places  are  5  or  10  feet  of 
softer,  leached-out  or  light-colored,  sandy  clay  or  loam  that  probably 
represents  the  Columbia  and  is  the  equivalent  of  the  loess  found 
along  the  Mississippi  River  bluffs  to  the  west. 

Water  resources. — While  there  are  numerous  streams  in  the  county, 
much  of  it  is  not  well  watered,  and  in  dry  seasons  many  of  the  small 
streams  fail  altogether.  Ponds  are  widely  used  for  stock.  Under- 
ground water  is  reached  in  the  stream  valleys  at  depths  of  20  to  30 
feet,  but  on  the  uplands  it  is  often  100  to  150  feet  to  permanent 
water,  and  in  such  places  cisterns  are  usually  used  instead  of  wells. 
Water  from  the  Porters  Creek  clay  or  '^soapstone'*  is  not  good. 
This  clay  does  not  seem  to  be  very  thick  in  many  places  along  its 
eastern  margin,  and  it  may  there  be  dug  or  drilled  through  without 
difficulty.  Under  it  good  water  should  generally  be  obtained  from 
the  Ripley  sand. 

At  Backusburg,  in  the  valley  of  West  Fork  of  Clarks  River,  there 
are  numerous  springs  and  shallow  wells. 

At  Coldwater  several  large  springs  and  wells  that  are  60  to  80  feet 
deep  provide  the  water  supply. 

At  Crossland  cisterns  are  used  almost  exclusively  on  account  of 
the  depth  to  underground  water. 

At  Dexter,  elevation  424  feet,  lying  in  a  stream  valley,  water  is 
obtained  at  a  depth  of  16  to  20  feet.  On  the  neighboring  uplands 
wells  are  30  to  40  feet  deep;  many  yield  chalybeate  water. 
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At  Harris  Grove  water  is  struck  usually  at  depths  of  30  to  50  feet. 
One  well  110  feet  deep  is  a  blowing  well;  during  foul  weather  the 
wind  rushes  out  strongly. 

At  Hazel  a  domestic  supply  is  obtained  from  wells  ranging  from 
30  to  60  feet  in  depth.  The  water  is  good  and  piu'e.  Streams  and 
ponds  are  used  for  stock. 

At  Lynngrove  an  abundant  supply  of  soft  water  that  contains 
some  iron  is  obtained  at  a  depth  of  1 15  feet.  Two  wells — one  2-inch, 
the  other  3-inch — were  drilled  there  to  a  depth  of  174  feet,  and  fur- 
nish excellent  water  from  115  feet  depth.     The  log  is  as  follows: 

Log  ofwdl  at  Lynngnwe,  Ky. 


Thi( 


Depth. 


Surface  clay , 

Red  clay 

Gravel  and  sand 

Red  sand 

Pottery  clay 

Yellow  Sana,  with  water  at  115  feet. 


Feet. 

Feet 

16 

IS 

2S 

« 

40 

n 

10 

90 

12 

m 

72 

174 

At  Murray,  elevation  480  feet,  both  wells  and  cisterns  are  used  in 
about  equal  numbers.  The  wells  used  average  about  30  or  40  feet 
in  depth  and  are  situated  on  low  grounds  or  slopes  near  by.  On 
higher  ground  water  is  deeper,  a  few  wells  being  100  feet  de^p,  and 
the  one  in  the  court-house  square  140  feet  deep.  The  latter  well  goes 
through  the  surface  soil,  the  Lafayette  gravel,  and  the  Porters  Creek 
clay  and  gets  water  from  the  Ripley  sand.  In  many  places  water 
may  be  obtained  at  the  base  of  the  Lafayette.  If  found  in  the  Por- 
ters Creek  it  is  hard  and  unfit  to  use.  Wells  are  then  usually 
abandoned,  though  it  would  be  easy  to  sink  them  through  this  for- 
mation, as  it  seems  to  be  from  5  to  30  feet  thick  only,  and  get  water 
from  the  Ripley  sand.  In  the  uplands  to  the  east  of  Murray  very 
few  wells  are  used,  and  in  the  corresponding  area  west  of  town  the 
number  is  even  less,  cisterns  being  used  in  both  areas  because  of  the 
depth  to  water. 

The  Nashville,  Chattanooga  and  St.  Louis  Railway  dug  a  Ivge 
brick  well  near  the  station  to  a  depth  of  73.6  feet  and  then  sunk  a 
pipe  in  the  bottom  of  it  to  a  total  depth  of  215  feet.  The  water 
rises  to  about  50  feet  below  the  surface  and  stands  about  23  feet  in 
the  large  well.  It  is  used  for  locomotives.  .The  following  1<^  has 
been  furnished  by  Mr.  E.  F.  Doudna,  of  Mayfield,  Ky. : 
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hog  ofwdl  of  NaghvUlCf  Chattanooga  and  St.  Louis  Railway  at  Murray,  Ky. 


Thickness.  I     Depth. 


Sand,  gravel,  and  day 

Quicksand 

Clay,  hard,  black  (  VorU'TS  Creek) 

Sand,  slightly  mixed  with  yellow  clay. 

Bastard  sana ' 

Fine  sand 

Coarse  sand  and  water 

Shell  of  sand  rock 

Tough  blue  and  black  day 

Soapstone.  slightly  mixed  with  sand. . 

Pure  sand,  fine 

Hard  shells  of  sand  rock 

Fine  sand 

Blue  soapstone  >. 

Coarse  dark  sand  with  water 

CoarsiO  white  sand  with  water 


Ripley. 


.     -  |.. 

Feet.       I 
46.3  I 
7.0  I 
20.0 
33.4 
28.0 
5.0 
8.0 
3.0 
15.0 
16.0 
11.0 
1.5 
3.5  t 
1.0 
3.0  1 
13.0  I 


Feet. 
46.3 
53.3 
73.3 
106.7 
134.7 
139.7 
147.7 
150.7 
165.7 
181.7 
192.7 
194.2 
197.7 
198. 7 
201.7 
214.7 


At  New  Concord  water  is  struck  in  fine  sand  at  a  depth  of  50  to 
70  feet. 

At  Stella  cisterns  are  used  exclusively. 

At  Wadesboro  water  is  obtained  from  springs  along  the  foot  of  the 
hills  and  from  wells  back  on  the  uplands  that  range  from  20  to  60 
feet  in  depth  and  furnish  good  water. 

At  Wetzel  wells  average  about  50  feet  deep.  iVll  contain  more  or 
less  iron;  cisterns  are  largely  used. 

CARLISLE    COUNTY. 

Topography, — Carlisle  County  is  situated  on  the  western  edge  of 
the  Jackson  Purchase  region,  almost  midway  between  its  northern 
and  southern  extremes.  Its  western  bound arj^  is  formed  by  Missis- 
sippi River  and  its  northern  boundary'  is  May^eld  Creek.  Its  area 
is  188  square  miles.  Along  its  western  border  there  is  a  fringe  of 
Mississippi  bottom  of  varying  width.  The  eastern  margin  of  this 
bottom  is  formed  by  a  bluff  that  rises  from  75  to  150  feet  above  it. 
Eastward  from  the  bluff  the  general  upland,  which  includes  all  of 
the  remainder  of  the  county,  has  a  rolling  surface.  The  upland 
slopes  slightly  to  the  northwest  and  has  an  average  elevation  of  about 
400  feet.  Low  water  in  the  Missisvsippi  is  about  275  feet  and  high 
water  about  315  feet. 

Geology. — The  formations  are  the  Lagrange,  the  Lafayette,  the 
loess,  and  the  alluvium.  The  Lagrange  consists  of  light-colored  sands 
and  clays,  with  occasional  beds  of  lignite.  It  is  exposed  along  the 
bluffs  and  in  occasional  stream  cuttings.  On  the  upland  surface  the 
Lafayette  sand  and  gravel,  10  to  30  feet  tliick,  rests  on  the  Lagrange. 
The  bluffs  overlooking  the  alluvial  region  are  capped  by  the  loess, 
which  rests  on  the  I^afayette  and  may  be  20  to  50  or  60  feet  thick 
near  the  bluffs,  but  gradually  thins  out  to  the  east  and  merges  into 
IBB  le^*— 06 9 
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a  surface  loam.     The  surface  of  the  Mississippi  bottoms  is  composed 
of  Recent  alluvium. 

Water  resources, — There  are  numerous  streams  in  the  county  which 
flow  into  Mississippi  River,  Mayfield  Creek,  and  Obion  Creek.  The 
smaller  of  these  streams  may  go  dry  in  the  fall.  The  larger  ones  are 
permanent.  For  domestic  purposes  cisterns  are  largely  used  in  the 
loess  region,  because  of  the  hardness  of  the  shallow  water.  They 
are  also  used  in  the  middle  and  eastern  parts  of  the  county  in  places 
where  the  depth  to  underground  water  is  inconveniently  great.  The 
average  depth  of  wells  on  the  uplands  may  be  taken  at  from  60  to 
100  feet.  Water  may  be  obtained  at  any  point  from  the  Lagrange. 
For  a  supply  sufficient  for  domestic  or  boiler  use  it  would  not  usually 
be  necessary  to  go  more  than  150  or  200  feet,  the  depth  in  any  one 
case  depending  on  the  coarseness  of  the  sand-*  For  town  supply  it 
might  be  advisable  to  explore  the  deeper  beds,  as  there  is  usually  no 
difficulty  in  pulling  a  pipe  back  in  case  a  better  supply  is  not  found 
at  the  greater  depth.  Along  Mayfield  and  Obion  creeks  bold  springs 
of  pure,  cold  water  from  the  Lagrange  sands  occur.  Back  on  the 
uplands  weak  springs,  in  which  the  water  is  not  so  pure  nor  so  cold, 
are  found  in  local  depressions  here  and  there.  As  a  rule  they  are 
used  for  watering  stock  only,  and  some  of  them  go  dry  in  late  summer. 

At  Arlington  open  wells  from  30  to  50  feet  deep  afford  a  limited 
supply  of  water.  If  larger  quantities  are  wanted,  for  manufacturing 
or  other  purposes,  it  is  necessary  to  go  considerably  deeper.  Sev- 
eral wells  for  boiler  supply  are  reported  to  be  120  feet  deep,  but  in 
the  log  given  below  lignitic  clay  occurs  at  this  level.  One  well  is 
reported  to  be  228  feet  deep,  with  water  rising  within  12  feet  of  the 
surface.  It  furnishes  all  the  water  that  can  be  raised  by  a  suction 
pump  with  a  capacity  of  400  gallons  a  minute,  located  on  the  surface. 
The  log,  given  from  memory,  is  as  follows: 

Log  of  well  at  Arlington,  Ky. 

Thickness. '     Depth. 


Loess ; 

Orango  sand  and  gravel  with  clay. 

Brown  day,  lignitic 

White  water-bearing  sand 


Feet,  Feet 

50  30 

12  e 

133  I*^ 

33  I  22i 


At  Bardwell,  elevation  357  feet,  there  are  numerous  ordinary  welk. 
The  town  waterworks  gets  a  supply  from  two  wells  reported  to  be 
about  250  feet  deep.  The  Illinois  Central  Railroad  has  two  welk 
that  furnish  an  abundance  of  water  for  all  railroad  purposee.  The 
following  log  of  these  two  wells  was  given  from  memory: 
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Log  of  lUinoia  Central  Railroad  welU  ai  BardweUj  Ky. 

!  Thickness.  I     Depth. 

Feet.      '       Feet. 

Yellowclay 100  ,  100 

Sand  and  blue  clay  in  alternate  strata,  individual  beds  of  sand  being  not  over  I 
about  6  feet  thick I  523  623 

The  pipe  was  pulled  back  and  a  20-foot  strainer  set  at  120  feet 
from  the  surface.  The  water  rises  within  about  30  feet  of  the  surface 
and  is  soft  and  excellent  for  all  purposes.  The  elevation  of  the  well 
head  is  about  386  feet,  4  feet  lower  than  the  railroad  level  given  above. 

At  Cunningham  bored  wells  are  used  very  largely. 

At  Laketon,  elevation  314  feet,  there  is  a  well  owned  by  the  Mobile 
and  Ohio  Railroad  which  furnishes  from  the  Lagrange  an  excellent 
water  for  locomotive  use.     Detailed  data  could  not  be  procured. 

At  Milbum  Water  is  obtained  from  open  and  bored  wells  that  range 
in  depth  from  20  to  60  feet.  The  quality  of  the  water  is  good. 
There  are  very  few  springs. 

FULTON    COUNTY. 

Topography, — Fulton  County  is  in  the  extreme  southwestern  part 
of  Kentucky.  It  is  bounded  on  the  south  by  Tennessee  and  on  the 
west  by  Mississippi  River.  Its  area  is  178  square  miles.  Some- 
thing more  than  a  third  of  the  county  is  in  the  alluvial  region  of 
Mississippi  and  Bayou  de  Chien  rivers  and  Obion  Creek.  This  por- 
tion is  low  and  flat,  its  average  elevation  being  about  290  feet.  The 
remainder  of  the  county,  extending  from  Hickman  southward  and 
eastward,  is  a  level  to  rolling  upland  whose  western  and  northwestern 
borders  are  hilly  or  bluflf-like.  The  bluff  at  Hickman  rises  to  an 
elevation  of  461  feet  and  may  be  the  highest  point  in  the  county. 
Low  water  in  the  Mississippi  at  Hickman  is  257  feet  and  high  water 
303  feet.     The  average  elevation  of  the  upland  is  about  400  feet. 

Geology. — The  formations  of  this  county  are  the  Lagrange,  the 
Lafayette,  the  loess,  and  the  alluvium.  Their  relationships  are 
exactly  the  same  as  in  Carlisle  County  (p.  129).  The  Lagrange  has 
in  this  county,  however,  a  greater  amount  of  fine  siliceous  clay  than 
usual.  The  best  exposures  are  in  the  bluff  at  Hickman,  a  section  of 
which  is  given  on  page  37.  This  section  has  been  discussed  so  fully 
on  pages  37-9  that  repetition  is  not  necessary  here. 

Water  resources. — Springs  along  the  bluffs  are  usually  strong  and 
yield  either  pure  or  chalybeate  water.  Elsewhere  they  are  weak. 
Wells  in  the  alluvium  are  shallow,  as  usual,  and  furnish  poor  water. 
On  the  uplands  water  may  be  reached  in  sufficient  quantities  for 
domestic  use  at  depths  of  40  to  100  feet.  When  obtained  at  slight 
depth  it  is  apt  to  be  hard.     The  Lagrange  contains  comparatively 
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few  beds  of  water-bearing  sand  coarse  enough  to  set  a  strainer  in 
and  hence  difficulty  is  experienced  in  some  places  in  making  a  satis- 
factory deep  well  in  it.  A  log  of  such  a  well  is  given  under  Hickman 
(p.  133).  The  streams  on  the  uplands  are  all  small  and  some  go  dry  at 
times,  so  that  in  places  ponds  or  wells  must  be  used  for  stock  water. 
At  Fulton,  elevation  366  feet,  water  is  obtained  at  depths  ranging! 
from  25  to  100  feet.  There  is  a  system  of  waterworks  supplied  by 
several  wells,  each  100  feet  deep.  The  quality  of  the  water  is  medium. 
It  is  used  for  general  domestic  purposes  and  also  by  the  Illinois  Cen- 
tral Railroad  in  locomotives.  Between  600,000  and  700,000  gallon^ 
per  day  may  be  pumped.     The  log  is  as  follows: 

Lag  oflUinoiH  Central  Railroad  well  at  Futortj  Ky. 


Surface  clay 

Shell  of  rock 

Sand 

Yellow  clay 

Coarse,  white  water-bearing  sand  (entered) . 


Thickness. 

IVpth. 

Feet. 

Fret. 

25 

'2.'i 

I 

2.^ 

22± 

47: 

23 

7*1  - 

ao 

lO    r 

At  Hickman,  elevation  of  low  water,  275  feet;  high  water,  303  feet; 
railway,  306  feet;  top  of  bluff,  461  feet,  water  is  obtained  from 
ordinary  wells  and  from  cisterns  to  some  extent.  A  water^'ork-^ 
plant  has  been  built,  and  water  is  pumped  to  a  standpij>e  on  top  of 
the  bluffs,  from  which  it  flows  into  the  mains. 

Capt.  H.  A.  Tyler  has  a  deep  well  on  the  upland  near  town,  130  feet 
above  high-watCr  mark,  or  .433  feet  above  sea  level.  The  water 
rises  within  110  feet  of  the  surface.  It  is  soft  and  good  for  w^ashintr 
or  boiler  purposes.  It  contains  some  iron.  Two  logs  were  given. 
The  first,  by  Captain  Tyler,  is  as  follows : 


Log  of  Tyler  well  near  Hickman,  Ky. 


Yellow  clay  (loess) 

Soft  sandstone  (Lafayette) 

Blue  clay 

Ver>-  fine  sand 

Tough  blue  clay 

Whit<?  water-lx^aring  sand  (entered) . 


Thickness.!     rVpth. 

I 


FeeL      !        Feet. 

80 

10 

460 

6 

144 


A  20-foot  strainer  point  was  set  at  717  feet.  The  well  is  6  iiicht> 
in  diameter,  and  5,400  gallons  per  hour  may  be  pumped.  Another 
driller  had  previously  gone  to  a  depth  of  830  feet  within  10  fcH^t  of 
this  well,  but  the  pipe  was  telescoped.  From  717  to  830  feet  the 
section  is  reported  to  be  mostly  sand,  with  a  little  clay. 

The  second  log  is  ])y  Mr.  W.  B.  Johnson,  of  Johnson  &  Fleniniin^. 
the  drillers.     It  is  as  follows: 
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Log  of  Tyler  well,  near  llicJcmany  Ky.^  given  hyxlriUers. 


Loess 

Oraiige  sand  and  gravel 

White  sand  and  gravel,  traces  of  clay. 

Blue  clay 

Hard  rock 

Blue  clay 


White  pipe-ciay 

Coarse  water-bearing  sand 


Thickness.  |     Depth. 


Feet.       '       Feet. 

Sn  I  80 

30  <  110 

165  I  276 

1S2  {  457 

6  463 

157  I  020 

80  I  700 

17  1  717 

I 


The  well  was  successfully  finished  at  this  depth. 

It  is  interesting  in  this  connection  to  be  able  to  compare  these  logs 
with  that  given  by  Mr.  W.  F.  Crosby,  of  Crosby  &  Co.,  the  drillers 
of  the  well  10  feet  distant,  in  which  the  pipe  was  telescoped  at  830 
feet,  in  order  to  see  how  three  records  of  the  same  section,  all  given 
from  memory,  compare.     It  is  as  follows: 

Log  of  drill  hole  at  UicJcman,  Ky. 


S  a  rf  aco  clay  and  sand I 

Quicksand 

Bhio  and  brown  gumbo  clay,  lignitic ' 

White  chalky  substance  with  a  fine  vein  of  water  just  under  it,  not  tested  . .  .j 

Blue  gumbo  clay,  lignitic,  as  above 

Sand I 


Thickness. 

Depth. 

Feet. 

Feet. 

200  , 

200 

30 

230 

280  1 

510 

40 

550 

150 

700 

10) 

860 

A  comparison  shows  that  w^hile  there  is  agreement  in  that  the 
larger  part  of  each  section  is  lignitic  clay,  and  water-bearing  sand  was 
reached  at  a  depth  of  700  feet,  there  is  considerable  diflFerence  in 
details,  and  this  may  often  be  true  where  records  are  given  from 
memory.  Men  A^ho  make  a  business  of  drilling  w'ells  \vould  undoubt- 
edly find  it  to  their  ow^n  advantage  to  keep  careful  logs  of  all  wells 
drilled,  especially  when  drilling  in  sands  and  clays  so  variable  in 
thickness  that  memory  can  not  be  depended  on  to  preserve  the 
details  of  the  various  sections. 

In  a  valley  3  J  miles  somew^hat  north  of  east  from  Hickman,  at 
an  elevation  estimated  to  be  about  30  feet  above  high-water  mark 
(about  333  feet  above  tide),  a  w^ell  was  drilled  on  Mr.  R.  A.  Tyler's 
I  Icck  farm.  The  water  is  hard,  and  rises  within  30  feet  of  the  surface. 
The  log  is  as  follows : 

Log  of  well  on  R.  A.  Tyler  farm ,  near  Hickman,  Ky. 

'  Thickness.  I     Depth. 

I  Fret.       I  Fcrt. 

Yellow  clay  with  small  iron  nodtiles  (1  ^ss  with  buckshot) 57  ,  f^I 

Oray-black  quicksand  v  ith  lignite '  M  '  HO 

Coarse  white  water-bearing  sand,  parte*'  by  very  thin  strata  of  wnitc-  pipe  ciav.  82  i  192 
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Near  Hickman  is  the  Nick  Combs  mineral  spring,  which  is  discussed 
on  page  145. 

At  Jordan,  elevation  398  feet,  water  is  obtained  from  wells  and 
cisterns.  Wells  vary  from  35  to  110  feet.  Water  is  most  abundant 
at  100  feet,  and  is  reported  to  be  hard. 

GRAVES    COUNTY. 

Topography. — Graves  County  is  quadrangular,  its  long  dimension 
extending  north  and  south.  -  It  is  situated  in  the  middle  of  the  Jack- 
son Purchase  region  from  east  to  west  and  extends  from  the  Ten- 
nessee line  more  than  two-thirds  of  the  way  to  Ohio  River.  It  is  the 
largest  of  the  Kentucky  counties  here  discussed,  its  area  being  550 
square  miles.  The  surface  slopes  gently  to  the  northwest.  It  may 
be  described  as  level  to  rolling  away  from  the  main  drainage  lines 
and  hilly  along  them.  Especially  on  the  eastern  (right-hand)  side 
of  West  Fork  of  Clarks  River  and  Mayfield  Creek,  the  two  principal 
streams  of  the  county,  the  valley  wall  rises  steeply  to  the  upland 
level.  On  the  western  side  of  each  stream,  however,  the  ascent  to 
the  general  upland  level  is  not  abrupt,  but  gradual.  The  highest 
point  in  the  county  and  also  in  the  Jackson  Purchase  region,  according 
to  Loughridge,  is  in  the  southern  portion,  about  halfway  between 
Lynnville  and  Pilot  Oak.  Its  elevation  is  given  by  Loughridge  as 
625  feet.  The  average  elevation  of  the  southern  part  of  the  county 
is  about  550  feet.  The  slight  northwestward  slope  makes  the  eleva- 
tion of  the  northern  part  of  the  county  about  425  or  450  feet.  The 
lowest  point  is  about  320  feet,  where  West  Fork  of  Clarks  River 
leaves  the  county. 

Geology. — The  geologic  formations  of  the  county  are  the  Porters 
Creek,  Lagrange,  Lafa^^ette,  and  Columbia  loam.  The  Porters 
Creek  is  confined  to  the  northeastern  part  of  the  county  and  is  con- 
cealed by  the  Lafayette  except  where  the  latter  has  been  removed 
by  erosion  along  West  Fork  of  Clarks  River.  It  has  its  typical 
character,  being  a  dark  leaden-colored  clay,  usually  called  soapstone, 
with  occasional  silty  or  sandy  beds.  The  clays  in  many  places  are 
cut  by  sandstone  dikes,  as  has  been  described  at  some  length  on  page 
30.  The  thickness  of  this  clay  is  probably  not  over  125  or  150  feet. 
It  dips  westward  beneath  the  Lagrange. 

The  Lagrange  underlies  all  of  the  county  except  the  Porters  Creek 
area  just  mentioned.  It  also  is  concealed  by  the  Lafayette  except 
in  stream  or  other  cuttings.  It  consists  of  light-colored  sands  and 
clays,  some  of  which  are  dark  with  lignitic  matter,  while  others  are 
white  and  plastic  and  are  mined  for  pottery  making. 

The  Lafayette  is  well  developed  as  an  orange-colored  sand,  grad- 
ing down  into  or  underlain  by  a  gravel  bed  which  forms  its  basal 
portion.     This  gravel  is  highly  ferruginous  as  a  rule. 
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On  the  uplands  the  Columbia  loam  rests  on  the  Lafayette.  It  is  a 
light-colored  sand  beneath,  usually  soft  and  containing  a  few  peb- 
bles derived  from  the  Lafayette,  and  grades  up  into  a  loam,  the 
entire  thickness  being  5  to  10  feet.  A  most  excellent  exposure  is 
seen  in  the  town  gravel  pit  just  east  of  the  railroad  track  in  the 
southern  part  of  Mayfield.  PI.  VII,  -B  ( p.  126) ,  is  a  view  of  this  pit.  It 
shows  at  the  base  18  feet  of  soft  variegated  and  cross-bedded  La- 
grange sand.  Over  it,  with  a  sharp  contact  line  between  them,  are 
20  to  22  feet  of  Lafayette  gravel.  It  has  much  sand  intermixed  and 
some  thin  iron  crusts  and  stands  well  in  vertical  faces.  The  gravel 
is  principally  chert,  though  there  are  some  pieces  of  vein  quartz.  It 
is  used  for  road  material  and  is  being  removed  in  two  benches,  which 
are  well  shown  in  the  plate.  Over  this  and  separated  by  a  sharp 
but  irregular  line  are  10  feet  of  material  that  is  lighter  in  color  and 
softer^  so  that  it  does  not  stand  up  with  vertical  faces  so  readily. 
The  lower  3  or  4  feet  of  it  are  chert  and  vein-quartz  pebbles,  similar 
in  size  and  rounding  to  the  Lafayette  pebbles  below,  from  which 
they  were  undoubtedly  derived.  The  slight  reworking  to  which  they 
have  been  subjected  has  deprived  them  of  their  iron  and  of  their 
bright  color  and  given  them  a  leached  appearance.  They  grade 
upward  into  sand  and  the  sand  into  surface  loam,  both  of  which  have 
the  same  light-brown  or  leached  color,  which  readily  serves  to  dif- 
ferentiate this  deposit  from  the  Lafayette  beneath.  It  is  the  rep- 
resentative of  the  Columbia.  In  the  plate  it  is  the  upper  bench 
extending  to  the  top  of  the  pit. 

Water  resources. — Except  along  the  stream  valleys,  springs  are 
few  and  generally  weak.  The  small  streams  have  in  consequence 
weak  flows,  and  the  great  majority  of  them  go  dry  in  late  summer. 
West  Fork  of  Clarks  River  runs  all  the  year.  Everyone  has  ponds 
for  stock.  Along  the  stream  valleys  water  may  generally  be  reached 
in  wells  20  to  30  feet  deep.  On  the  uplands  in  the  southern,  central, 
and  northeastern  parts  of  the  county  wells  are  60  to  125  feet  deep, 
and  in  some  places  do  not  then  reach  water.  In  the  northwestern 
part  of  the  county  the  average  depth  to  water  is  somewhat  less. 
Cisterns  are  largely  used. 

It  should  be  possible  to  get  good  water  in  the  ^'soapstone"  or 
Porters  Creek  area  by  going  through  it  into  the  Ripley  sand  beneath. 
In  the  Lagrange  area  good  water  may  be  obtained  almost  anywhere 
at  depths  of  200  to  400  feet.  Because  of  the  great  average  eleva- 
tion of  the  county,  water  will  not  rise  to  the  surface,  and,  indeed,  in 
most  of  the  county  there  will  probably  be  little  if  any  rise  at  all. 
Shallower  water  is  found  at  the  base  of  the  Lafayette  in  places 
w^here  there  is  enough  hardpan  to  make  an  impervious  basin.  Such 
wells  are  weak  and  are  apt  to  fail  in  dry  seasons,  and  are  in  addition 
fed  by  surface  rain  water,  and  so  liable  to  contamination. 
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At  Bloom  there  are  a  few  springs,  but  water  is  generally  obtained 
from  cisterns. 

At  Cuba  water  is  obtained  from  wells  that  are  from  100  to  150 
feet  deep ;  cisterns  are  largely  used. 

There  are  some  good  springs  in  the  neighborhood  of  Dublin,  but  no 
wells.     Cisterns  are  used. 

At  Fancyfarm  the  supply  has  come  from  cisterns  chiefly,  but 
small  tubular  wells,  some  of  which  are  120  or  130  feet  deep,  are  com- 
ing into  use.  They  furnish  good,  pure  water  from  the  Lagrange 
sand.     In  low  places  wells  are  less  than  50  feet  in  depth. 

At  Farmington  cisterns  are  used  almost  exclusiveh'  because  of  the 
depth  to  underground  water.  There  are  a  few  small  tubular  wells 
120  to  165  feet  deep. 

At  Folsomdale  there  are  a  few  wells,  but  cisterns  are  almost  uni- 
versally used. 

At  Freda  there  is  only  one  well.  It  is  90  feet  deep  and  is  not  used. 
There  are  a  few  springs.     Cisterns  are  used  by  all. 

At  Golo  cisterns  are  used  almost  exclusively.  The  few  wells  and 
springs  are  used  for  watering  stock. 

At  Lowes  water  is  obtained  mostly  from  cisterns.  There  are  only 
a  few  wells  and  they  average  100  feet  or  more  in  depth. 

At  Lynnville  cisterns  are  used  almost  exclusively.  A  blue  clay 
is  struck  very  near  the  surface  and  few  of  the  attempts  at  boring 
wells  are  successful.  It  is  probable  that  a  well  sunk  100  or  150  feet 
would  go  through  this  blue  clay  and  find  water-bearing  sand  in  the 
Lagrange.  Such  clay  beds  in  the  Lagrange  are  not  usually  over  100 
or  150  feet  thick. 

At  Maj^eld,  elevation  480  feet,  underground  w^ater  is  struck  at 

a  depth  of  90  or  100  feet,  and  cisterns  have  been  largely  used  there 

and  in  the  surrounding  country,  where  the  same  conditions  as  to 

depth  to  water  prevail.     A  system  of  waterw^orks  has  been  installed 

by  a  private,  corporation,  w^hich  has  one  10-inch  well  304  feet  deep, 

one  8-incli  well  300  feet  deep,  and  two  8-inch  wells  160  feet  deep. 

The  water  stands  in  them  at  about  80  or  90  feet  from  the  surface. 

It  is  pure  and  clear  and  is  raised  by  air  lift  to  the  surface  and  then 

forced  into  a  standpipe.     Only  one  w^ell  is  pumped  at  a  time.     The 

average  daily  consumption  is  about  250,000  gallons.     The  following 

log  was  given  by  the  driller,  Mr.  W.  B.  Johnson,  of  Johnson  «!t 

Flcmming : 

Jahj  of  well  at  May  field,  Ky. 


Thickness.       I>epth. 

I       


Surface  clay,  liko  looss 

Oraiigo  sand  and  gravpi,  dry 

Orange  sand  and  gravpl.  water  In^aring. 

Thin  parting  of  pifx^  chiy  at 

White  watcr-lx'uring  sand 


Fert.  Feet, 

12  i: 

eo  7J 

218  I  290 

JSO 

SO  MD 
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At  Pryorsburg,  elevation  420  feet,  water  is  obtained  from  wells  30 
to  40  feet  deep  and  from  cisterns. 

At  Ragsdale  cisterns  are  used  principally.     Wells  are  scarce. 

At  Sedalia  six  wells  of  small  diameter  from  120  to  170  feet  deep 
furnish  a  very  pure  water.     Cisterns  are  largely  used. 

At  Symsonia  there  are  no  wells  or  springs  of  any  note.  Cisterns 
are  used. 

At  Tice  cisterns  are  used  almost  exclusively.  There  are  a  few 
wells  30  to  75  feet  deep. 

At  Viola,  in  the  valley  of  Mayfield  Creek,  wells  are  18  to  75  feet 
deep;  most  of  them  are  bored  and  the  water  has  more  or  less  iron 
in  it. 

At  Vultoncreek  water  is  obtained  from  cisterns  for  domestic  use 
and  from  ponds  for  stock.  The  few  springs  go  dr}^  in  summer. 
There  are  no  wells  in  the  vicinity. 

At  Water  Valley,  elevation  386  feet,  wells  are  used  principally. 
They  range  from  25  to  40  feet  in  depth.  Cisterns  are  also  used  to  a 
considerable  extent.     A  mineral  well  is  noted  on  page  146. 

HICKMAX    COUNTS  . 

Topography, — Hickman  is  one  of  the  western  tier  of  counties  and 
reaches  on  its  western  side  Mississippi  Kiver  and  on  its  southern  side 
the  Tennessee  State  line.  Its  area  is  224  scjuaro  miles.  Along  the 
Mississippi  and  the  lower  course  of  Obion  Creek  within  the  county 
there  is  a  small  area  of  low  alluvial  land.  The  remainder  of  the 
county  is  a  level  or  rolling  upland  in  the  interstream  areas,  which 
becomes  broken  and  hilly  along  the  main  streams  and  near  the 
bluffs  that  overlook  the  Mississipni  flood  plain.  The  average  eleva- 
tion of  the  upland  is  about  375  feet  and  of  the  alL.vial  region  about 
310  feet.  Low  water  in  the  Mississippi  is  260  to  270  feet.  The 
upland  slopes  gently  westward  and  is  drained  by  Bayou  de  Chien  and 
Obion  Creek  into  the  Mississippi. 

Geology. — The  geology  of  the  county  is  the  same  as  that  of  Carlisle 
County  on  the  north  and  Fulton  County  on  the  south.  The  under- 
lying  formation  is  everywhere  the  Lagrange  sand.  It  is  admirably 
exposed  at  Chalk  Blufl"  below  Columbus  and  at  Columbus.  At  the 
latter  place  about  80  feet  of  it  may  be  seen  forming  the  base  of  the 
bluff,  the  upper  part  being  a  grayish,  somewhat  jointed  clay  resem- 
bling slightly  the  clay  so  prominent  in  the  middle  and  upper  parts  of 
the  bluff  at  Hickman. 

Over  the  Lagrange  are  35  feet  of  Lafayette  in  the  Columbus  bluff, 
the  lower  20  feet  being  gravel  and  the  u})per  15  feet  a  sarid  at  the 
base,  which  grades  up  into  a  gravel  at  the  top.  Eastward  from  the 
bluff  the  Lafayette  is  as  a  nile  not  so  thick  and  is  not  so  heavily 
charged  with  gravel. 
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Along  the  bluffs  facing  the  Mississippi  the  loess  overlies  the  Lafa- 
yette. The  lower  part  is  usually  darker  than  the  upper,  as  described 
on  page  45.  The  thickness  may  reach  60  or  80  feet.  To  the  east 
it  thins  down  and  merges  into  the  surface  loam. 

The  alluvium  rests  on  the  Lagrange  in  the  river  and  creek  bottoms. 
It  is  believed  to  be  of  Recent  origin. 

Water  resources.—  Streams  are  njimerous  and  the  larger  ones  flow 
perennially.  Along  their  valley  sides  springs  are  found,  but  their 
situation  generally  precludes  their  use  for  domestic  supply.  Along 
with  the  streams  and  scattered  artificial  ponds  they  are  used  for 
stock  watering.  In  the  alluvial  region  water  of  medium  quality  is 
obtained  at  depths  of  a  few  to  a  score  feet.  Back  on  the  uplands 
wells  varj'  considerably  in  depth,  but  often  go  7.5  or  100  feet.  Cis- 
terns are  used  in  many  places  because  of  the  hardness  of  the  water  in 
the  loess  area  or  the  depth  to  it  elsewhere.  Good  water  may  be  got- 
ten in  the  Lagranj!;e  at  moderate  depths,  and  su'all  driven  wells 
should  be  found  practicable  at  any  point  where  difficulty  is  encoun- 
tered in  obtaining  a  satisfactory  supply. 

At  Clinton — elevation  at  Illinois  Central  Railroad  354  feet,  at  court- 
house 389  feet — there  are  numerous  bored  wells  100  to  150  feet  deep. 
The  town  supply  is  obtained  from  two  wells  that  draw  their  water 
from  white  sand  135  or  140  feet  deep.  It  is  reported  to  be  hard  and 
to  contain  iron.     The  water  stands  within  30  feet  of  the  surface. 

At  Columbus  water  is  obtained  from  shallow  wells  and  cisterns. 
Factories  get  their  boiler  supply  from  Mississippi  River. 

Moscow,  elevation  313  feet,  derives  most  of  its  water  supply  from 
ordinary  wells  40  to  60  feet  deep.  There  are  a  few  pipe  wells  80  to 
130  feet  deep.     Both  kinds  furnish  good  pure  water. 

At  Oakton,  elevation  315  feet,  there  are  a  number  of  pipe  wells  75 
to  125  feet  deep  that  furnish  supplies  for  domestic  and  boiler  use. 

At  Springhill  hard  water  is  struck  at  an  average  depth  of  60  feet. 
Wells  in  the  neighborhood  range  in  depth  from  25  to  200  feet.  Cis- 
terns are  used  almost  exclusively. 

At  Stubbs  hard  water  is  obtained  in  wells  20  to  40  feet  deep  and 
water  of  better  quality,  though  frequently  containing  some  iron,  in 
wells  80  to  130  feet  deep. 

m'cRACKEN    COUNTY. 

Topoffrapfiy, — McCracken  is  the  eastern  of  the  two  northern  coun- 
ties of  the  Jackson  Purchase  region.  Its  northern  and  northeastern 
boundaries  are  Ohio  and  Tennessee  rivers.  Its  area  is  241  square 
miles.  Topographically,  there  is  a  threefold  division  of  the  surface, 
just  as  in  Ballard  County  (p.  122).  Along  Ohio  and  Tennessee  rivers 
there  is  a  narrow  strip  of  alluvial  flood  plain  whose  elevation  on  the 
eastern  edge  of  the  county,  along  the  Tennessee,  is  abqut  325  feet, 
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and  in  the  northwest  corner,  on  the  Ohio,  about  315  feet.  This  flood- 
plain  belt  is  in  many  places  very  narrow.  Lying  just  south  of  the 
flood-plain  belt  is  a  second  bottom  or  terrace  25  to  35  feet  higher 
than  the  first  bottom.  It  has  an  average  width  of  3  or  4  miles  and 
extends  up  Clarks  River  and  its  east  and  west  forks  to  a  point  beyond 
the  county  line.  It  embracer  an  area  of  about  85  square  miles.  At 
Paducah,  which  is  built  upon  it,  it  is  well  developed  and  has  an  eleva- 
tion of  340  feet.  Its  surface  is  level  except  near  the  streams  which 
cross  it  and  have  trenched  their  channels  15  to  25  feet  beneath  its 
^surface.  The  remainder  of  the  county  is  an  upland  region  with  a 
rolling  surface  that  is  almost  level  in  the  interstream  areas  and  oon- 
siderably  broken  near  the  streams  that  drain  it.  The  general  upland 
slope  is  slightly  northward  and  its  average  elevation  is  not  far  from 
400  feet. 

Geology. — The  Ripley,  Porters  Creek,  Lagrange,  Lafayette,  Colum- 
bia, and  Recent  alluvium  all  occur  within  the  county.  The  Ripley 
underlies  a  strip  along  the  eastern  edge  and  is  exposed  here  and  there 
along  Clarks  River  and  on  the  Tennessee  at  low  water  as  far  north 
perhaps  as  Paducah,  though  at  the  latter  place  the  writer  failed  to 
find  any  exposures.  In  the  deep  well  at  Paducah,  a  log  of  which  is 
given  on  page  141,  it  was  struck  at  a  depth  of  60  feet  and  is  a  soft  sand 
with  a  number  of  clay  lenses  that  are  usually  lignitic  where  seen  in 
the  surface  exposures  in  the  vicinity. 

The  Porters  Creek  overlies  the  Ripley  and  in  the  southeast  comer 
of  the  county  is  exposed  at  intervals  along  both  forks  of  Clarks  River 
and  for  some  distance  down  the  main  stream.  It  is  well  exposed  on 
two  hills  3  and  4  miles,  respectively,  south  of  Paducah,  on  the  road 
to  Mayfield,  where  it  consists  of  joint  clay  and  silty  sand,  the  latter 
partly  indurated  and  containing  casts  of  Eocene  fossils.  Northwest 
of  Paducah  it  probably  underlies  most,  if  not  all,  of  the  second  bot- 
tom as  well  as  the  northern  edge  of  the  upland,  though  it  is  almost 
entirely  concealed  by  later  deposits.     Its  thickness  is  about  150  feet. 

The  Lagrange  underlies  the  central  and  southwestern  parts  of  the 
county,  but  is  not  exposed  except  along  the  deeper  stream  cuttings. 
It  has  its  usual  character,  being  a  light-colored  sand  interbedded  with 
occasional  clays  that  are  either  white  or  more  or  less  lignitic. 

The  red  Lafayette  sand  and  gravel  overlies  the  Lagrange  and  the 
Porters  Creek  on  the  upland.  It  is  somewhat  uncertain  whether  it 
should  be  regarded  as  present  on  the  old  terrace  level  or  not,  but  the 
writer  is  inclined  to  think  that  the  gravel  and  overlying  sand  and  clay 
on  this  terrace  are  not  so  old  as  the  Lafayette  and  should  more  propy- 
erly  be  classed  as  part  of  the  Columbia.  At  Paducah  this  terrace  has 
on  the  surface  from  a  few  feet  to  30  or  40  feet  of  silty  sand  and  clay, 
and  beneath  it  a  hard  ''cement  gravel,^'  as  it  is  popularly  known,  20 
to  30  or  more  feet  thick,  wth  pebbles  up  to  4  or  5  inches  in  diameter. 
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The  terrace  is .  cut  distinctly  beneath  the  Lafayette-capped  upland, 
and  its  pebbles  are  larger  than  those  of  the  near-by  Lafayette  gravels, 
so  that  it  seems  younger  than  the  Lafayette. 

A  few  feet  of  Columbia  sand  and  surface  loam  overlie  the  Lafay- 
ette and  form  the  actual  surface  of  the  upland. 

The  alluvium  is  a  very  narrow  strip  along  Tennessee  and  Ohio 
rivers,  and  is  regarded  by  the  writer  as  entirely  Recent  in  origin. 
It  has  been  correlated  with  the  Port  Hudson,  but  reasons  have  been 
given  on  page  49  for  believing  that  the  Port  Hudson  does  not  extend 
eo  far  north. 

Water  resources. — There  are  a  number  of  permanent  streams  in  the 
county.  Clarks  River  crosses  the  east  end  and  Ma}^eld  Creek  the 
southw^estern  part,  while  a  number  of  small  streams  rise  in  the  county 
and  flow  northward  into  the  Ohio  or  the  Tennessee.  Along  these 
streams  springs  are  numerous,  but  they  are  utilized  to  only  a  limited 
extent.  Most  of  the  water  supply  of  the  county  is  from  wells  and 
cisterns.  In  the  terrace  belt  the  water  found  in  the  underlying  gravel 
is  hard,  and  the  silty  material  over  it  is  not  finn  enough  to  keep  cistern 
walls  from  cracking  and  letting  water  seep  into  them.  In  this  area 
exploration  for  deeper  waters  should  be  made.  In  most  places 
within  it  the  dark  Porters  Creek  clay  will  probably  be  found  beneath 
the  terrace  gravel.  This  should  be  drilled  through  and  careful  watch 
kept  for  a  bed  of  sand  in  the  underlying  Ripley  coarse  enough  to 
be  checked  by  a  strainer.  If  this  is  not  found,  the  bottom  of  the  Rip- 
ley should  be  reached  at  a  depth  of  300  to  400  feet  or  less,  and  water 
would  probably  be  found  there  or  in  the  broken  Paleozoic  chert  that 
underUes  the  embayment  deposits  in  this  region.  On  the  uplands 
wells  go  from  20  to  150  feet  before  reaching  underground  water,  and 
in  many  places  cisterns  are  used  instead. 

At  Grahamville  water  is  obtained  almost  entirely  from  drilled  wells. 
It  is  said  to  be  very  satisfactory  as  to  quality  and  quantity.  There 
are  very  few  cisterns  and  practically  no  springs. 

At  Massac  water  is  struck  in  sand  at  depths  of  100  to  120  feet. 

At  Maxonmill  there  are  a  number  of  fine  springs.  Wells  average 
from  20  to  40  feet  deep  and  are  either  bored  or  dug.  One  dug  in  the 
flats  of  Massac  Creek  and  described  by  Loughridge"  readied  the 
Porters  Creek  clay  at  18  feet  from  the  surface  and  passed  through  it 
and  into  Ripley  sand  at  a  depth  of  116  feet,  when  the  water  rose  60 
feet,  but  contained  so  much  sulphureted  hydrogen  that  it  was  unfit 
for  use. 

Paducah,  elevation  of  low  water  284  feet,  high  water  334  feet,  aver- 
age town  elevation  about  341  feet,  is  underlain  by  from  a  few  feet  to 
30  or  40  feet  of  silty  material  and  that  by  20  or  30  feet  of  rounded 
gravel  in  which  water  is  abundant  but  hard  and  chalybeate,  besides 

o  Jackaon  Purchaso  Region,  1888,  p.  253. 
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being  probably  contaminated  by  organic  matter  from  the  surface. 
Numerous  cisterns  have  been  built,  but  they  almost  invariably  settle 
somewhat  and  crack  enough  to  let  in  seepage  water.  The  city  water 
supply  is  pumped  from  Ohio  River  into  a  standpipe  that  gives  a  pres- 
sure of  40  pounds,  which,  in  case  of  fire,  is  increased  to  100  pounds  by 
direct  pressure.  The  daily  consumption  is  about  2,200,000  gallons. 
A  well  at  the  old  vinegar  works  has  the  following  log:** 

Log  of  weU  at  vinegar  works  j  Paducah,  Ky. 

Thickness.  \     Depth. 

Feet.  Feet. 

Loam  or  heavy  yellowish  days 30  30 

Gravel '  10  '  40 

Blackish-blue  clay 8  48 

Colon'd  sand : 6  54 

Blackish-blue  clay 8  62 

Fine  white  sand  to  water 50                 112 


A  well  was  bored  about  1888  at  Paducah  for  gas  and  abandoned  at 
a  depth  of  1,250  feet.     The  log,  as  given  by  Loughridge,^  is  as  follows: 

Log  of  boring  for  gas  at  Paducah  y  Ky. 


Thickness.       Depth. 


Post  Lafayette:  i 

Micaceous  brownish  surface  loam 

Rounded  chert  and  quartz  gravel ' 

Ripley:  I 

Fine  micaceous  sand  and  clay,  interlaminated i 

Mississippian:  , 

D6bns  of  white  and  dark  chert,  hyaline  sand,  pyrites,  and  smoky-quart« 
crystals.    The  lower  18  feet  is  wmented  ]\v  a  bright-red  iron  ocher,  and  i 
holds  ntmierous  crinoids,  bryozoa,  and  plates  and  spines  of  ihe  echinoid 
Archxocidaris 

White,  porous,  and  slightly  calcareous  rock;  also  containing  many  cri- 
noids, bryozoa,  and  echinoids 

Dark  impure  limestone,  with  some  crinoids  and  bryozoa,  fnigraents  of 
cemented  calcareous  material,  and  a  small  flat  mass  of  quartz  crystals; 
the  rock  is  cavernous 

Limestone  and  siliceous  rock, dark  and  light  colored;  some  calc  spar;  crin- 
oids, cyathophylloid  corals,  and  pyritt^s  in  lower  ponion;  rock  is  cav- 
ernous   

Dark  calcareous  shale,  blue  marl,  and  sand,  with  small  crinoids,  jpines, 
and  plates  of  A rckxocidaris,  and  cyathophylloid  corals 

White  calcareous  shale,  with  calc  spar,  pyrites,  an<l  a  few  crinoids 

Blue  limestone,  with  crinoids;  a  pentn'iiiite.  brought  up  from  upper  por- 
tion  

Blue  limestone,  with  crinoids;  this  l>'d,  with  the  lower  portion  of  that 
above,  is  permeated  with  cracks  filled  with  sand,  etc.,  to  bottom  of  bor- 
ing  


40  i 
20  ' 


204  I 


48 


32 

185 


400 


Feet. 


40 
60 


264 


335 
425 

470 

518 

550 
735 

i,ia5 

1,250 


At  Ragland  a  water  supply  is  derived  from  wells  which  range  from 
35  to  65  feet  in  depth. 

Woodville,  elevation  423  feet,  depends  mainly  on  cisterns.  A  few 
.2-inch  wells  go  about  140  feet  deep  and  get  water  from  sand.  It 
contains  some  iron.     The  log  is  as  follows : 


oLoughridge,  R.  H.,  op.  eit.,  p.  2.i(). 


6  0p.  cit.,pp.  321-32G. 


142       UNDERGROUND   WATERS:    TENNE86EE,  KENTUCKY,  ILLINOIS. 

Log  ofweU  at  WoodmUe,  Ky. 


Thickness. ,     Depth. 


Feei.       I  Feet. 

17  i  17 

23  40 

20l  fti 


Clay 

Cement  gravel 

Loose  gravel 

White  chalk 2  , 

Sand ,  bowlders,  and  streaks  of  pipe  clay 25 

Sand,  red  at  top,  then  yellow,  then  white i  57 


MARSHALL   COUNTY. 

Topography, — The  northern  and  eastern  boundaries  of  Marshall 
County  are  formed  by  Tennessee  River.  Its  area  is  332  square  miles. 
Along  the  Tennessee  there  is  a  very  narrow  flood  plain.  Rising  25 
to  35  feet  above  it  is  an  old  flood  plain  or  terrace  from  1  to  2  miles  in 
width,  which  is  merely  a  continuation  of  the  terrace  noted  along  Ohio 
River  in  Ballard  and  McCracken  counties  and  which  has  an  eleva- 
tion in  the  northwestern  part  of  the  county  of  about  340  feet  and  in 
the  southeastern  part  of  about  350  feet.  This  same  old  terrace  level 
forms  the  valley  of  East  Fork  of  Clarks  River,  which  flows  north- 
westward across  the  middle  part  of  the  county.  This  valley  has  an 
average  width  of  a  mile  or  more.  The  remainder  of  the  county  is 
an  upland  which  is.  almost  level  in  the  parts  remote  from  streams, 
but  which,  especially  along  the  border  adjacent  to  the  Tennessee 
River  Valley,  is  hilly  and  much  broken  by  the  numerous  small  streams 
flowing  into  the  Tennessee.  It  is  also  somewhat  broken  along  either 
side  of  the  valley  of  East  Fork  of  Clarks  River.  The  upland  slopes 
gently  northward  and  nearly  all  of  the  drainage  is  northward.  Its 
average  elevation  is  between  425  and  450  feet. 

Geology. — A  strip  of  Paleozoic  limestone  lying  along  the  eastern 
side  of  the  county  has  a  width  of  4  to  6  miles  west  of  Tennessee  River. 
Only  the  portion  of  the  county  west  of  this  strip  belongs  to  the  em- 
bayment  region.  The  formations  represented  in  it  are  the  Ripley. 
Porters  Creek,  Lafayette,  Columbia,  and  alluvium. 

The  Ripley  extends  from  the  valley  of  East  Fork  of  Clarks  River 
eastward  to  the  Paleozoic  area  and  forms  a  belt  about  4  miles  wide 
in  the  southern  part  of  the  county  and  6  miles  wide  in  the  northern 
part.  It  consists  of  fine  micaceous  sands  and  interlaminated  dark- 
gray  clays  that  contain  lignitic  matter  in  places.  Excellent  expo- 
sures may  be  seen  at  Snow  Hill,  on  the  eastern  side  of  Clarks  River 
Valley,  along  the  road  from  Benton  to  Briensburg.  Away  from  the 
stream  cuttings  the  Ripley  is  concealed  by  the  overlying  gravels  and 
sandy  clay  belonging  to  the  Lafayette  and  Columbia,  but  is  reached 
on  the  upland  east  of  Clarks  River  at  depths  of  40  to  50  feet  in  wells. 
The  thickness  of  the  formation  here  is  not  known,  but  is  probably 
between  200  and  300  feet. 
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The  Porters  Creek  clay  overlies  the  Ripley  on  the  east  and  extends 
from  East  Fork  of  Clarks  River  westward  across  the  remainder  of  the 
county.  It  is,  as  usual,  a  joint  clay  and  is  almost  black  when  wet, 
but  light  gray  when  dry.  With  it  there  are  some  greensand  and 
some  fine  silty  sand,  which  is  usually  indurated  into  a  sandstone  or 
mudstone.  It  is  exposed  only  along  the  stream  valleys.  The  writer 
had  no  opportunity  to  examine  its  outcrop  west  of  West  Fork  of 
Clarks  River,  but  accepts  its  presence  there  as  far  west  as  Pritchard, 
Graves  County,  on  the  authority  of  Loughridge.  Along  and  east  of 
West  Fork  it  is  typically  developed.  The  Porters  Creek  belt  is 
peculiar  in  this  region  in  being  much  broader  in  surface  exposure 
than  it  is  elsewhere  in  Kentucky  or  Tennessee.  The  width  reached 
is  12  or  14  miles. 

The  Lafayette  has  at  its  base  a  variable  thickness  of  gravel,  which 
grows  heavier,  as  a  rule,  to  the  east  and  is  in  many  places  cemented 
into  an  ironstone  conglomerate.  Above  the  gravel  there  are  usually 
10  or  15  feet  of  red  sand  or  sandy  clay,  which  also  belongs  to  the 
Lafayette.  This  is  usually  overlain  by  a  few  feet  of  leached  surface 
clay  or  loam  that  probably  represents  the  Columbia.  In  places  this 
loam  has  some  reworked  gravel  at  its  base.  The  Lafayette  and 
Columbia  together  usually  have  an  aggregate  thickness  of  30  to 
40  feet,  and  on  the  uplands  completely  conceal  the  imderlying 
formations. 

Water  resources. — While  the  larger  streams  flow  the  year  round, 
many  of  the  smaller  ones  go  dry  in  the  fall.  Springs  are  numerous 
along  the  stream  valleys,  but  elsewhere  are  scarce  or  entirely  absent. 
Ponds  are  used  in  many  places  for  watering  stock.  The  domestic 
supply  is  derived  from  wells  and  cisterns,  the  latter  being  perhaps 
the  more  common.  Water  may  generally  be  obtained  along  the 
valleys  at  depths  of  20  to  40  feet  and  on  the  upland  at  35  to  40  feet 
in  many  places  at  the  base  of  the  Lafayette.  Wells  often  go  dry  in 
the  summer,  and  there  seems  to  be  a  general  impression  that  since 
the  1886  earthquake  they  have  been  more  liable  to  go  dry  than 
before.  This  same  opinion  has  been  met  with  elsewhere  in  the  region, 
but  nowhere  was  it  found  so  strong  as  in  this  county.  •  It  is  probable 
that  this  earthquake  may  have  produced  slight  cracks  in  the  hardpan 
ironstone  crusts  wliich  locally  form  water-containing  basins  at  the 
base  of  the  Lafayette  and  that  the  downward  seepage  through  these 
cracks  is  great  enough  to  cause  the  basins  to  be  more  readily  drained 
during  dry  seasons  than  formerly,  and  hence  to  cause  the  wells  to  go 
dry  more  readily.  Where  a  well  failed  altogether  after  the  earth- 
quake, it  would  seem  evident  that  the  fissures  produced  were  so  large 
that  the  local  basin  could  no  longer  hold  water,  but  was  drained 
down  into  the  dry  sands  beneath. 

In  the  region  underlain  by  the  Porters  Creek  if  water  is  not  struck 
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at  the  base  of  the  overlying  Lafayette  the  well  is  generally  aban- 
doned and  a  cistern  dug.  In  many  places  farms  have  both  wells  and 
cisterns.  On  the  uplands  east  of  East  Fork  of  Clarks  River  the  depth 
to  water  in  the  Ripley  sand  is  in  many  places  60  to  100  feet  or  more, 
and  in  much  of  that  region  cisterns  are  used  exclusively  for  domestic 
supply  and  ponds  for  stock. 

At  Benton,  elevation  368  feet,  water  is  obtained  mostly  from  cis- 
terns. Wells  are  often  dug  and  in  some  places  reach  water  at  a 
depth  of  35  or  40  feet  above  the  black  or  dark-gray  Porters  Creek 
clay.  Such  wells  prove  satisfactory.  If  this  clay,  usually  described 
as  a  black  or  blue  mud,  is  encountered,  the  well  is  abandoned,  as 
water  from  it  is  hard  and  astringent. 

In  the  country  we>st  of  Benton  wells  average  35  to  40  feet  deep 
and  get  water  at  or  just  above  the  base  of  the  Lafayette  gravel. 
Such  water  is  in  some  wells  found  to  be  hard  and  in  others  soft.  The 
supply  is  usually  limited,  and  the  well  may  go  dry  in  late  summer. 
In  other  places  ni)  water  is  obtained  above  the  Porters  Creek  clay, 
and  resort  is  had  to  cisterns.  These  are  perhaps  scarcely  as  numer- 
ous as  wells.  Probably  40  or  45  per  cent  of  the  people  use  them, 
while  many  have  both  cisterns  and  wells. 

Brewer  is  well  supplied  with  ordinary  wells  of  30  to  50  feet  depth 
and  springs  which  bubble  out  along  the  foot  of  the  hills  bordering 
the  valley  of  West  Fork  of  Clarks  River. 

At  Briensburg  cisterns  are  used  exclusively.  In  the  country 
around  cisterns  are  the  common  source  of  supply.  Wells  are  rare 
because  of  the  depth  to  the  Ripley  sand  and  the  uncertainty  of  get- 
ting water  in  it. 

At  Coy  water  is  supplied  by  wells  30  or  40  feet  deep. 

At  Fairdealing  there  are  a  few  springs,  and  some  wells  that  average 
35  to  50  feet  deep,  but  furnish  only  a  small  amount  of  water.  Most 
people  have  cisterns.  The  springs  are  at  the  foot  of  bluffs  along 
streams,  and  are  mostly  chalybeate. 

At  Fristoe,  elevation  352  feet,  there  are  no  wells  or  springs;  cis- 
terns are  used.  From  its  location  in  the  valley  of  Clarks  River,  it 
should  be  an  easy  matter  to  bore  or  drive  a  well  through  the  *'soa]>- 
stone"  or  Porters  Creek  clay.  While  much  of  the  Ripley  sand  is  too 
fine  to  be  water  bearing,  yet  some  beds  are  usually  found  in  it  coai^^e 
enough  to  hold  an  abundance  of  water,  and  as  a  test  with  a  driven 
well  is  not  expensive,  it  would  be  well  worth  making. 

At  Harvey  water  is  obtained  from  wells  25  to  50  feet  deep.  In 
some  places  the  Porters  Creek  clay  is  struck  before  water  is  reached, 
and  then  the  well  is  abandoned  and  a  cistern  substituted.  In  the 
country  just  north  of  Harvey  cisterns  are  used  exclusively.  Wells 
do  not  go  dr}",  but  usually  have  weak  flows.  Some  yield  hard  water 
and  some  soft,  according  to  the  nearness  or  remoteness  ot  the  under- 
lying Porters  Creek  clay. 
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At  Oaklevel  water  is  obtained  entirely  from  shallow  wells: 

At  Palma  cisterns  are  used  almost  exclusively. 

At  Paul  there  are  a  few  springs,  but  the  main  water  supply  is 
obtained  from  wells  50  to  75  feet  deep. 

At  Scale  there  are  numerous  springs,  wells,  and  cisterns.  Wells 
In  low  places  run  about  20  feet  deep;  on  high  ground  they  are  50  to 
60  feet.     Springs  are  considerably  used  for  domestic  supply. 

At  Tatumsville  cisterns  are  used  almost  exclusively  for  domestic 
supply  and  ponds  for  watering  stock. 

MINERAL   WATERS   OF   W^ESTERN    KENTUCKY. 

Britts  Spring,  at  Stubblefield,  Graves  County,  flows  from  the 
bottom  of  a  bluff  near  a  creek  and  forms  along  its  course  a  reddish 
or  yellowish  deposit  of  iron  hydrate,  such  as  is  so  characteristic  of 
chalybeate  waters.  The  water  is  reported  by  the  owner  to  contain 
314  parts  per  million  of  solid  matter,  mainly  carbonates  of  iron  and 
calcium.  It  has  some  carbonate  of  magnesia,  traces  of  the  sulphates 
and  chlorides  of  sodium,  potassium,  and  magnesium,  and  a  good 
deal  of  organic  matter.  It  is  said  to  be  beneficial  in  malarial  and 
stomach  troubles. 

Nick  Combs  Spring  is  at  the  foot  of  the  Mississippi  River  bluffs, 
4  miles  southwest  of  Hickman,  Fulton  County.  There  are  no  hotel 
accommodations,  but  the  spring  has  long  been  knownr,  and  people 
afflicted  with  kidney  or  stomach  troubles  go  there  in  the  sunmier 
and  camp  out.  The  water  is  chalybeate.  Rheumatism,  especially, 
is  said  to  be  benefited  by  its  use.  Dr.  Robert  Porter,  chemist  of  the 
Kentucky  Geological  Survey,  reports"  it  to  contain  free  carbonic 
acid  and -302  parts  per  million  of  salts.  *' These  consist  of  iron, 
manganese,  lime,  and  magnesia  carbonates,  with  some  lime  and 
magnesia  sulphates.'' 

Kilgore  Spring,  2  miles  south  of  Blandville,  Ballard  County,  is 
reported  by  Doctor  Peter,  as  quoted  by  Loughridge,  to  yield  a  slightly 
chalybeate  and  alkaline  saline  water  and  to  contain  64  parts  per 
million  of  solids.  These  consist  of  carbonates,  chlorides,  and  sul- 
phates of  iron,  soda,  lime,  and  magnesia,  with  a  trace  of  lithia  and 
some  silica. 

McGee  Spring,  on  Hurricane  Creek,  southeast  of  Blandville,  Ballard 
County,  is  reported  by  Doctor  Peter  to  give  a  good  alkaline  saline 
chalybeate  water  containing  1,645  parts  per  million  of  solids  and 
only  a  trace  of  organic  matter.     His  analysis  is  as  follows :  ^ 

a  Loughridge,  R.  H.,  Jackson  Purchase  Region,  188S,  p.  137. 
ft  Loughridge,  op.  cit.,  p.  138. 
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Analysis  of  water  from  McGee  Sprijigy  Ballard  County,  Ky. 

1111.1:1 :» 

Silica  (SiOa) li*' 

Iron(Fe) 1>2 

Calcium  (Ca) 07 

Magnesium  (Mg) 47 

Sodium  (Na) 241 

Potassium  (K) '' 

Carbonate  radicle  (00,) .V^ 

Sulphate  radicle  (SO^) »u> 

Chlorine  (CI) >•:< 

1jW5 

At  Sedalia,  Graves  County,  there  is  a  mineral  well  133  feet  deep  at 
which  a  hotel  has  been  erected  for  the  accommodation  of  guest  >. 
An  analysis  of  the  water  by  A.  M.  Peter  shows  it  to  contain  77.1 
parts  per  million  of  solids,  *' nearly  half  of  which  is  organic,  the  re>t 
consisting  of  carbonate  of  iron  and  silica,  with  small  quantities 
of  carbonates,  sulphates,  and  chlorides  of  calcixmi,  magnesium, 
and  sodium  and  traces  of  potassium  and  lithium  compounds.' ' 

Water  Valley  well,  at  Water  Valley,  Graves  County,  yields  a  sul- 
phate saline  water  containing,  according  to  an  analysis  by  A.  M. 
Peter,  3,422  pyts  per  million  of  solids,  composed  of  sulphates  of 
calcium,  magnesium,  and  manganese,  a  little  chloride  of  sodium,  an«l 
traces  of  the  sulphates  of  strontium,  potassium,  and  lithium,  ani! 
having  a  decidedly  acid  reaction.  It  is  recommended  especially  in 
diseases  of  the  stomach,  liver,  kidney,  and  bowels. 

The  water  from  Wickliffe  artesian  well,  at  Wickliffe,  Ballani 
County,  a  description  and  analysis  of  which  are  given  on  page  12.i, 
has  earned  a  reputation  of  being  very  valuable  in  kidney-  disorders, 
having  made,  as  reported,  remarkable  cures  in  some  serious  case^. 

RESOURCES  OF  SOUTHERN  ILLINOIS. 

Area  included, — The  Cretaceous  and  Eocene  embayment  defK^it> 
in  Illinois  are  confined  to  Alexander,  Massac,  Pulaski, and  Pope 
counties,  in  the  extreme  southern  part  of  the  State.  Later  surfici^il 
deposits  of  gravels,  loess,  and  loam  extend  beyond  these  counties.  In:: 
do  not  present  hydro^raphic  problems  that  would  warrant  their 
inclusion  and  discussion  here.  Since  observations  were  not  maiit- 
in  as  much  detail  here  as  elsewhere,  these  counties  will  not  be  dis- 
cussed separately,  but  all  the  data  obtained  will  be  given  together. 

Because  of  the  presence  of  the  loess,  Lafayette,  or  alluvium  over 
almost  the  entire  embayment  area  of  southern  Illinois,  it  is  difBcult 
to  give  accurately  the  outlines  of  the  area  so  included.  The  boun«!- 
ary  may,  however,  be  approximately  traced  as  follows:  Beginnini: 
on  the  east  at  New  Liberty,  on  Ohio  River  in  Pope  County,  the  etlirf 
of  the  embayment  deposits  as  they  overlap  the  Mississippian  rocks 
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runs  northwestward  just  north  of  the  Pope-Massac  County  line  for 
12  miles  or  more  and  then  continues  almost  coincident  with  this 
county  line  until  within  a  mile  or  two  of  the  chain  of  swamps  in 
northern  Massac  County.  It  then  curves  southwestward  and  west- 
ward parallel  and  1  to  2  miles  south  of  this  chain  of  swamps  and  the 
westward  continuation  of  the  same  low  valley,  once  occupied  by 
the  Ohio,  but  now  by  the  Cache,  until  it  crosses  the  Cache  at  Ullin. 
It  continues  its  westward  course  4  or  5  miles  west  of  Ullin,  and  then 
curves  southwestward  until  near  the  northern  end  of  Horseshoe  Lake. 
Thence  it  turns  westward  and  reaches  Mississippi  River  at  Santa  Fe. 
The  area  thus  included  is  about  480  square  miles. 

Topography. — The  region  may  be  divided  topographically  into 
three  parts.  The  first  is  the  present  low  flood  plain  of  Mississippi, 
Ohio,  and  Cache  rivers.  The  second  is  a  higher,  older  flood  plain 
corresponding  to  the  terrace  level  found  south  of  the  Ohio  in  Ken- 
tucky. In  some  places  the  edge  of  this  old  plain  is  well  marked, 
while  in  others  it  seems  to  rise  irregularly  from  the  lower  bottom. 
It  is  most  prominently  developed  on  the  Ohio  in  Massac  County 
above  Metropolis.  The  third  part  is  the  rolling  to  hilly  upland  sur- 
face, the  average  elevation  of  which  is  probably  near  400  feet. 

Geology, — The  formations  found  within  the  area  are  the  Ripley, 
Porters  Creek,  Lagrange,  Lafayette,  loess,  and  alluvium.  In  addi- 
tion, the  underlying  Paleozoic  rock  that  forms  the  floor  of  the 
embayment  region  outcrops  in  a  few  places  near  the  edge  of  the 
area  and  in  Ohio  River  at  Grand  Chain,  where  it  is  evidently  faulted. 
It  is  also  reached  in  the  few  places  where  deep  wells  have  been  sunk. 

The  surficial  covering  so  thoroughly  conceals  the  embayment 
formations  that  it  is  impossible  to  give  with  any  great  accuracy 
their  areal  extent  without  much  detailed  work,  and  even  then  exten- 
sive boring  would  very  probably  be  necessary  to  accurately  delimit 
them.  It  may  be  said,  however,  that  the  Ripley  underlies  the  loess 
and  Lafayette  probably  over  a  small  area  in  the  south  end  of  Pope 
County  and  over  all  of  Massac  County  included  within  the  embayment 
region.  Along  its  northern  edge  it  is  rather  tliin,  and  ordinary  wells 
occasionally  go  through  it  and  enter  the  Paleozoic  rock,  here  usually 
a  limestone.  The  Ripley  consists  of  interbedded  clays  and  sands. 
The  clays  are  either  light  colored  and  plastic,  in  which  case  they  may 
be  mined  for  pottery  use,  or  dark  blue  or  brown,  from  disseminated 
organic  matter  or  lignite.  Occasionally  one  of  these  dark-blue 
clays  struck  in  ordinary  wells  is  fetid,  probably  from  hydrogen  sul- 
phide. The  sands  are  in  most  cases  fine  grained.  Here  and  there 
a  coarse  bed  is  struck,  and  at  the  base  of  the  formation  there  is 
reported  to  be  a  gravel  and  cobble  bed  forming  a  basal  conglom- 
erate. This  formation  is  exposed  in  various  places  between  Grand 
Chain  Landing  and  New  Grand  Chain  and  between  Metropolis  and 
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New  Columbia,  and  is  very  similar  lithologically  to  the  Lagrange 
formation  as  typically  developed  in  Tennessee.  In  the  clay  pits 
at  Grand  Chain  Landing  the  clays  contain  leaf  impressions.  The 
Ripley  probably  forms  most  or  all  of  the  exposures  of  sand  and  clay 
to  be  seen  along  the  Cache  River  bluffs  below  Ullin. 

The  Porters  Creek  is  exposed  at  the  surface  only  in  the  bluffs  near 
North  Caledonia,  and  even  there  the  exposure  contains  so  much 
sand  and  sandy  clay  that  it  could  not  be  surely  identified  as  Porters 
Creek  were  it  not  for  the  greensand  present.  As  already  stated 
greensand  indicating  marine  conditions^  is  found  in  Tennessee  and 
Kentucky  to  be  characteristic  of  the  Porters  Creek,  but  is  entirely 
absent  in  the  Ripley  below  and  in  the  Lagrange  above,  both  of  which 
are  of  nonmarine  origin.  The  Porters  Creek  is  struck  in  the  deep 
well  at  Mound  City  at  a  depth  of  180  feet  and  is  100  feet  thick.  At 
Cairo  it  is  reached  at  a  depth  of  375  feet  and  is  124  feet  thick.  In 
each  case  only  25  feet  of  sand  representing  the  Ripley,  if  the  writer's 
interpretation  of  the  section  is  correct,  were  found  under  the  Porters 
Creek.  The  areal  extent  of  the  formation  west  of  the  North  Cale- 
donia exposure  is  not  known.  It  may  have  a  narrow  surface  outcrop 
or  may  be  entirely  concealed  by  the  overlap  of  the  Lagrange. 

The  Lagrange  also  is  poorly  exposed  in  Illinois,  but  from  exposures 
and  well  sections  in  Kentucky  a  short  distance  south  of  Cairo  it  seems 
practically  certain  that  its  base  is  reached  in  the  Cairo  wells  at  a 
depth  of  375  feet  and  at  Mound  City  at  a  depth  of  180  feet.  Since 
it  is  not  much  different  lithologically  from  the  Ripley,  both  being 
nonmarine,  more  or  less  lignitic  sands  and  clays,  it  is  possible  that 
at  least  a  portion  of  the  sand  and  clay  found  north  of  Grand  Chain 
and  Metropolis  may  really  belong  to  the  Lagrange,  having  over- 
lapped the  Porters  Creek  outcrop.  While  field  exposures  might  fail 
to  settle  the  question  thus  raised,  it  should  be  capable  of  easy  solu- 
tion from  the  paleobotanical  evidence  in  the  shape  of  leaf  impressions 
which  the  clays  in  that  border  region  would  furnish.  Unfortunately 
no  such  study  has  yet  been  made  of  these  deposits. 

The  Lafayette  contains  its  customary  quota  of  chert  gravel,  and 
a  larger  proportion  of  it  than  usual  is  cemented  by  limonite  into  an 
ironstone  conglomerate.  It  is  found  on  the  uplands  wherever  stream 
cuttings  or  railway  excavations  have  gone  below  the  loess  and  is 
seen  along  the  bluffs  of  the  Oliio  in  a  few  places.  At  Metropolis 
and  just  above,  at  old  Fort  Massac,  a  well-cemented  ironstone  con- 
glomerate is  exposed  at  or  near  water  level  and  extends  below  it. 
This  material  possesses  apparently  all  the  characters  of  the  Lafa- 
yette and  may  be  of  that  age,  but  the  ease  with  which  gravels  of 
even  very  recent  age  may  become  cemented  into  a  firm  ironstone 
that  looks  very  much  like  typical  Lafayette  gravel  was  forcibly  im- 
pressed on  the  writer  some  time  since  during  a  trip  down  Tennessee 
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River,  and  so  he  prefers  to  regard  the  age  of  these  conglomerates 
in  the  Ohio,  while  probably  Lafayette,  as  not  clearly  proved. 

On  the  uplands  the  loess  mantles  everything  in  Pulaski  Coimty, 
and  it  is  also  found  in  numerous  places  in  the  western  part  of  Massac 
County  from  Metropolis  northward,  though  much  thinner  than  in 
Pulaski  County. 

The  alluvium  occurs  in  the  low  plain  of  Mississippi,  Ohio,  and 
Cache  rivers. 

Water  resources, — Springs  and  small  streams  are  not  very  abundant 
in  the  region,  and  ponds  are  commonly  in  use  for  stock.  The  domestic 
supply  is  derived  from  wells  and  cisterns.  Water  from  wells  on  the 
uplands  varies  much  in  quality  and  in  depth.  It  is  hard  or  soft, 
according  to  the  presence  or  absence  of  the  loess.  In  some  places 
it  is  inconveniently  deep  and  in  a  few  instances  it  is  reported  as 
foul  smelling.  In  many  cases,  however,  good  water  is  obtained  in 
open  wells  and  a  large  number  of  such  wells  are  in  use.  Some 
farmers  have  weUs,  cisterns,  and  ponds.  In  the  alluvial  region  the 
shallow  water  is  hard,  and  at  Cairo  and  Mound  City  deep  wells 
have  been  put  down  that  furnish  an  abundance  of  water  suitable 
for  most  purposes. 

At  America,  Pulaski  County,  wells  of  moderate  depth  and  cisterns 
are  used.  Two  miles  to  the  west,  on  what  is  probably  an  extension 
of  the  terrace  plain,  wells  run  25  to  30  feet  deep  and  give  hard  water. 
The  section  is  entirely  through  clay,  and  it  seems  that  deeper  weUs 
fail  to  find  Lafayette  gravel,  showing  that  probably  it  had  been  cut 
out  before  the  clay  was  deposited.  The  clay  is  very  likely  the 
equivalent  of  the  loess  on  the  hiUs  farther  north.  These  hills  rise 
40  to  60  feet,  and  in  them  wells  strike  hard  water  at  depths  of  30  to 
40  feet  in  the  Lafayette  gravel  beneath  the  loess.  Some  wells  go 
through  this  gravel  and  get  water  at  greater  depth  in  what  is  probably 
Ripley,  though  it  may  be  overlapping  Lagrange.  The  quality  of 
the  water  would  be  about  the  same  in  either  case. 

One  and  three-fourths  miles  south  of  Belknap,  Johnson  County, 
on  the  bayou,  a  driven  well  entered,  at  a  depth  of  12  feet,  a  sand 
that  was  somewhat  quick  and  contained  lignitic  streaks  and  gravel 
layers  at  intervals.  It  was  sunk  to  116  feet,  when  the  pipe  proved 
too  weak  to  drive  farther  and  the  well  was  abandoned.  Water  rises 
112  feet  in  it.  This  shows  a  considerable  depth  of  soft  material, 
probably  largely  or  entirely  alluvial,  in  the  abandoned  channel  of 
the  Ohio  at  this  locality. 

At  Cairo,  Alexandria  County,  elevation  of  extreme  low  water 
267  feet,  of  high  water  321  feet,  and  of  union  depot  313  feet,  water 
is  struck  in  sand  and  gravel  deposits  underneath  the  surface  clay  at 
a  depth  of  about  50  feet.  It  is  hard  and  otherwise  objectionable 
from  a  sanitary  point  of  view.     Cisterns  were  formerly  used,  but 
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difficulty  was  experienced  in  preventing  them  from  cracking  and 
letting  in  seepage  water.  The  city  water  supply  is  obtained  from 
Ohio  River.  It  is  pumped  at  the  rate  of  about  2,000,000  gallons 
per  day  into  a  standpipe  160  feet  high.  The  water  contains  some 
lime  and  scales  somewhat.  One  firm  heats  water  for  boiler  use  to 
between  186°  and  206°  F.,  and  thus  precipitates  most  of  the  calcium 
carbonate. 

In  and  near  Cairo  several  deep  w^eDs  have  been  sunk.  The  loca- 
tion and  logs  of  several  of  them  are  as  follows : 

The  first  deep  boring  is  at  the  power  station  of  the  Cairo  Electric 
Light  and  Power  Company,  on  lot  29,  city  block  26,  and  w^as  drilled 
in  1896-97  to  a  depth  of  1,040  feet.  The  diameter  is  10  inches  at 
the  top  and  decreases  to  6i  inches  at  the  bottom.  The  log  is  as 
follows: 

Log  of  well  of  Cairo  Electric  Light  aiid  Poiper  Company,  Cairo,  lU. 


Soil 

Sandy  blue  clay 

Sand'and  gravel,  similar  to  river  deposit 

Sand  with  kaolin  partings 

Kaolin 

Sand  with  a  few  thin  layers  of  kaolin  and  traces  of  shale  and  lignite. 

Shale  or  marl,  slate  colored 

Very  soft  sand 

Partings  of  shale  and  lignite 

Chert  or  ' '  Elco ' '  gravel 

Chert  pebbles 

Hard,  reddish  calcareous  sandstone;  no  water.in  It 


Thickness. ' 

Depth. 

Feet. 

Feet. 

4.5 

l! 

50-5  i 

5.> 

00       ' 

IIS 

15       , 

l-D 

4 

I^ 

240       ' 

.1:4 

124 

4*' 

20       1 

Oi'' 

5       1 

52  i 

177       , 

"iW 

^ 

7^5 

335       ' 

i.'^io 

From  the  sand  at  498-518  feet  water  rose  to  the  surface  and 
flowed  about  a  gallon  a  minute.  The  following  sanitary  analysis 
of  this  water  was  made  at  the  University  of  Illinois  by  Prof.  A.  W. 
Palmer: 

Analysis  of  vxiter  obtained  between  J^8  and  518  feet  from  weJl  of  Cairo  Electric  Light  and 

Power  Company,  Cairo,  HI. 

Parts  per  rrillicn 

Nitrogen  as  free  ammonia 0. 3.^ 

Nitrogen  as  albuminoid  ammonia .  022 

Nitrogen  as  nitrites .  (KW 

Nitrogen  as  nitrates .  2(W 

Chlorine  as  chlorides 83 

Oxygen  consumed 3.  4 

Total  solids  by  evaporation 365 

Fixed  residue 348 

Volatile  matter  (loss  on  ignition) 17.  1 

Comments  of  analyst:  ''Too  much  time — ten  days — had  elapsed 
between  collection  and  analysis  to  be  sure  of  sanitary  condition, 
thouii:h  it  is  probably  satisfactory.  The  mineral  matter  consist.- 
mainly  of  carbonate  of  lime,  with  some  sodium  chloride  and  very 
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little  sulphate.     Not  excessively  hard.     Not  likely  to  form  a  hard 
scale  in  boilers.'' 

Professor  Palmer  also  analyzed  the  water  from  the  705-foot  level, 
wth  the  following  results : 

ATlalysia  of  loater  from  depih  of  706  feet  in  well  of  Cairo  Electric  Light  and  Power  Company, 

CairOy  lU. 

[Parts  per  million.] 


Nitrogen  as  free  ammonia ,  0. 36 

Nitrogen  as  albuminoid  ammonia !  .016 

Nitrogen  as  nitrites i  None. 

Nitrogen  as  nitrates I  ,06 

Chlorine  as  chlorides '  110 

Oxygen  consimied I  1. 4 

Total  solids  by  evaporation i  366 

Fixed  residue ,  346 

Volatile  matter  (loss  on  ignition) \  10 

Hardness '  116 


0.36 

.02 

None. 

.00 

110 

1.2 
353 
339 
14 


Comments  of  analyst:  **0f  exceptional  purity  and  perfectly  safe 
and  wholesome  for  drinking.  Hardness  is  quite  moderate.' '  The 
two  samples  were  taken  at  the  same  time. 

The  Halliday  Hotel  well,  on  lot  24,  hotel  addition  to  city  of  Cairo, 
has  practically  the  same  log  as  the  one  given  above.  The  boring 
went  to  824  feet,  but  there  was  no  increase  of  water  below  the  700-foot 
level.  It  was  drilled  in  1897;  diameter  at  the  top. 8  inches,  at  the 
bottom  4 J  inches;  temperature  62°  F. ;  head  12  feet  above  the  surface. 

A  well  on  the  W.  P.  Halliday  estate,  near  the  mouth  of  Cache 
River,  in  about  the  center  of  the  NE.  }  sec.  2,  T.  17  S.,  R.  1  W.,  in 
Alexander  County,  had  the  following  log: 

Log  ofllaRiday  weUinike  NE.  J  sec.  2,  T.  17  S.,  R.  1  W.,  minois. 


Soil  and  blue  clay  (buckshot) 

Sand  and  gravel;  drift  with  kaolin  partings 

Brown  shale  or  marl 

Gray  sand 

Chert,  fractured— ' 'flint  rock" 

Dark-brown  sand 

Chert,  fractured  — * ' flint  rock'' 

White  sand 

Flint  rock  with  slight  fractures 

Flint  pebbles 

FUntrock 


Thickness. 

Depth. 

Feet. 

Feet. 

40 

40 

104 

144 

112 

256 

54 

310 

72 

382 

10 

392 

34 

426 

42 

468 

62 

730 

7 

737 

69 

806 

From  the  last  7  feet  water  with  a  head  of  12  feet  flows  at  an  esti- 
mated rate  of  half  a  million  gallons  a  day.  There  was  no  increase 
in  water  below  735  feet.     Drilled  in  1898;  temperature  62°  F. 

Another  well  at  E.  W.  Halliday 's  residence  on  lot  16,  block  70, 
between  ninth  and  tenth  and  Walnut  and  Cedar  streets,  in  Cairo, 
had  the  following  log: 
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Log  of  wen  at  residence  ofE.  W.  HaUiday,  lot  16,  block  70,  Cairo,  lU. 


Soil  and  friable  blue  clay  (loess  or  terrace) 

White  sand  with  thin  partings  of  kaolin  (Lagrange) . 

Gray  shale  or  marl  (Porters  Creek) 

Fine,  closely  compacted  white  sand  (Ripley) 

Flint  rock,  but  slight  fractures  ( Paleozoic) 

Flint  pebbles 

Hard  calcareous  sandstone 


ThickDeas. 

Depth. 

Feet. 

Feft. 

50 

'* 

325 

■C  j 

1%  1 

•M& 

24  ' 

5> 

220 

7* 

4  ! 

75." 

58  1 

Sm 

From  the  753-foot  level  there  is  a  flow  of  60  gallons  per  minute, 
with  a  head  of  12  feet  above  the  surface.  The  temperature  is  62*^  F. 
Four  hundred  gallons  per  minute  may  be  pumped. 

There  are  other  similar  wells  at  several  manufacturing  establish- 
ments in  Cairo  and  the  records  run  much  the  same.  The  tempera- 
ture seems  to  be  62°  F.  in  each  case  and  the  static  head  is  the  same. 
The  material  described  as  flint  is  a  very  light  colored  chert  of  Mij^- 
sissippian  age  that  is  exposed  in  a  150  or  200  foot  face  at  a  quarn- 
between  Tamms  and  Elco,  from  which  it  is  extensively  shipped  for 
railroad  ballast  and  road  metal.  In  this  locality  it  is  highly  frac- 
tured, so  that  it  is  virtually  of  macadam  size  without  crushing.  A> 
struck  in  wells  it  is  in  some  places  massive  and  solid,  while  in  others 
it  is  seamed  and  broken,  and  is  then  called  gravel  by  the  drillers, 
though  in  neither  wells  nor  in  the  Elco  gravel  quarry  is  the  material 
waterworn  or  rounded,  being  simply  mechanically  disintegrated  chert 
still  in  place. 

Grand  Chain  station,  Pulaski  County,  is  on  the  upland.  The  sur- 
face is  covered  with  loess  to  a  depth  of  10  to  40  feet.  In  a  few  places 
it  is  cut  through  and  the  Lafayette  gravel  beneath  is  revealed. 
Many  people  use  cisterns.  Water  is  struck  at  depths  ranging  from 
20  feet  in  low  places  to  85  feet  on  higher  levels.  Much  of  it  is  hard. 
Ponds  are  generally  used  for  stock. 

At  Metropolis,  Massac  County,  wells  in  town  are  from  30  to  50 
feet,  and  end  in  what  seems  to  be  Lafayette  gravel,  as  it  is  exposetl 
near  old  Fort  Massac  at  water  level  in  ledges  that  dip  gently  under 
water  and  reappear  a  mile  up  the  river.  North  of  town  wells  average 
50  to  60  feet  in  depth,  and  get  water  from  the  Ripley  sand  a  short 
distance  beneath  the  Lafayette  gravel.  In  some  places  wells  have 
been  dug  150  feet  without  getting  water.  As  a  rule  the  water  is 
soft,  especially  in  the  deeper  wells.  Cisterns  are  easily  excavated 
in  the  soft  loess  that  forms  the  surface  and  many  are  used. 

Nortlieast  and  east  of  Metropolis  water  is  found  at  depths  of  60 
to  125  feet  in  the  Ripley  sands,  where  they  are  not  too  close  graine<l 
to  furnish  an  adequate  supply,  as  is  often  the  case.  Many  cistemj? 
are  in  use  in  this  section  of  the  county. 
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At  Mound  City,  Pulaski  County,  there  is  an  8-inch  well  that  flows 
with  a  6-foot  head.  No  analysis  of  the  water  could  be  obtained. 
It  is  fairly  good  for  boilers  and  is  used  for  ice  making  and  general 
town  supply.     The  log  is  as  follows : 

Log  of  weU  at  Mound  Cityy  lU. 


Thickness. 

1 

Depth. 

Feet.       1 

Feet. 

20  1 

20 

160  ' 

180 

100  1 

280 

25  1 

305 

300  ! 

605 

45  1 

650 

Surface  clay 

Gravel  and  sand  (Lagrange) 

Blue  shale  (Porters  CTreek) 

Dark  sand  (Ripley) 

•  * Elco"  gravel  (Paleozoic) 

Limestone 

Round  Knob,  Massac  County,  is  just  south  of  the  swamps  that 
mark  the  old  course  of  the  Ohio  westward  across  the  northern  part 
of  the  county.  Hard  Paleozoic  rock  is  struck  at  depths  of  20  to 
30  feet  and  so  very  few  wells  have  been  put  down.  Cisterns  may  be 
easily  constructed  in  the  loess,  sand,  and  gravel  that  cover  the  old 
hard  rocks  and  they  are  used  almost  exclusively.  In  the  swamps 
to  the  north  water  is  everywhere  near  the  surface  and  is  readily 
obtained  by  driving  a  few  feet  of  pipe  and  attaching  a  small  suction 
or  pitcher  pump,  as  it  is  usually  called.  Needless  to  say  the  quality 
of  this  surface  swamp  water  is  not  the  best. 

At  Tamms,  Alexander  County,  on  a  part  of  the  old  river-terrace 
plain,  water  is  obtained  from  driven  wells  of  18  to  25  feet  depth  in 
river  gravel  and  alluvium.  Some  wells  give  hard  water,  others  soft. 
Cisterns  are  largely  used. 

PROPERTIES  OF  THE  WATER. 

As  might  be  expected  the  underground  waters  of  the  region  dis- 
cussed in  this  paper  vary  much  in  (juality,  but  the  variations  are 
caused  chiefly  by  differences  in  the  amounts  of  a  few  substances  that 
are  ordinarily  found  present. 

The  most  common  type  of  w'ater  may  be  described  as  a  pure  w^ater, 
or  one  practically  free  from  mineral  ingredients.  Many  of  the 
springs  and  shallow  wells  and  a  number  of  the  deep  wells  furnish 
water  of  this  character.  This  is  especially  true  of  springs  and  wells 
located  in  the  sandy  formaticms  such  as  the  Eutaw,  Ripley,  Lagrange, 
and,  in  a  restricted  sense  because  of  its  thinness,  the  Lafayette.  The 
purer  sands  of  these  formations  contain  very  little  that  is  soluble  in 
the  water  that  percolates  througli  them  and  hence  it  contains  little 
or  no  dissolved  mineral  matter. 

When  the  sands  are  not  pure  but  contain,  as  they  do  in  certain 
places,  vegetable  matter,  usually  in  the  form  of  lignite,  along  \vith 
various  chemical  compounds  that  have  resulted  from  its  decompo- 
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sition,  the  water  is  apt  to  dissolve  more  or  less  of  these  substances 
and  acquires  thereby  a  mineral  character. 

The  above-mentioned  formations,  with  the  exception  of  the  Lafay- 
ette, contain  beds  of  clay  here  and  there  that  are  generally  lignitie 
and  as  a  result  contain  more  or  less  iron  pyrite.  Water  derived  from 
these  clay  beds  is  always  more  or  less  mineralized,  but  in  many  cases 
is  perfectly  usable  for  most  purposes.  Such  mineral  waters  are 
described  along  with  others  on  page  120.  These  clays  exist  either  as 
strata  of  considerable  areal  extent  or  as  local  lenses  embedded  in 
the  sands,  but  though  they  may  be  silty  and  somewhat  porous 
there  seems  to  be  as  a  rule  very  little  circulation  of  water  between 
them  and  the  surrounding  sand.  A  well  ending  in  the  silty  clay 
may  derive  a  scant  or  moderate  supply  of  water  from  it,  and  another 
near  by,  ending  just  above  or  just  below  it,  may  furnish  a  pure 
water  of  very  different  character.  This  is  especially  true  of  local 
lenses  of  clay  or  silt  that  occur  in  the  Lagrange.  They  probably 
represent  either  old  stream  channels  abandoned  and  silted  up  or 
similarly  filled  old  long-shore  lagoons  behind  sand  bars  of  the  con- 
temporary estuary  in  which  the  sands  were  then  being  deposited. 
Deep  waters  are  mone  apt  to  contain  mineral  matter  than  shallow 
waters  in  the  same  kind  of  material,  because  of  the  many  chances 
for  deep  waters,  in  their  long  underground  course  form  their  entrance 
into  the  beds  to  their  exit  in  wells,  to  come  into  contact  with  soluble 
substances,  and  this  tendency  is  further  increased  by  the  greater 
solvent  powers  they  possess  by  being  under  pressure  during  their 
slow  underground  course.  In  view  of  this  fact  it  is  surprising  that 
so  many  of  the  deep  waters  are  so  pure. 

The  mineral  waters  of  the  region  come  either  from  the  clays  con- 
tained in  the  Eutaw,  Ripley,  or  Lagrange  formations  or  from  the 
Selma,  Porters  Creek,  loess,  or  alluvium.  Local  clay  beds  may  pos- 
sibly be  struck  in  the  Eu^aw,  Ripley,  and  Lagrange  at  almost  any 
place,  so  that  no  geographic  bounds  for  such  cases  can  be  stated. 
Wherever  struck,  however,  good  water  may  usually  be  gotten  by 
going  somewhat  deeper  "and  entering  an  underlying  sand. 

The  areas  of  Selma,  Porters  Creek,  loess,  and  alluvium  may  be 
seen  from  the  geologic  map  (PI.  I,  p.  26).  In  the  Selma  clay  area  the 
water  is  usually  hard  because  of  the  calcium  carbonate  it  contains, 
while  in  the  Porters  Creek  area  it  is  hard  usually  from  the  same  cause 
and  may  contain  in  addition  sulphates  of  iron  and  alumina,  which 
make  it  astringent  or  like  alum  to  the  taste.  In  some  places  the 
Porters  Creek  water  contains  so  much  sulphureted  hydrogen  that 
both  man  and  beast  refuse  to  touch  it.  In  the  loess  area  the  water 
is  hard  because  of  calcium  carbonate  dissolved  from  the  loess.  In 
the  alluvial  region  the  water  usually  contains  iron  carbonate  or  sul- 
phate and  very  often  calcium  and  magnesium  carbonate  and  sul- 
phate in  addition. 
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The  mineral  salts  usually  found  in  the  waters  of  the  region,  then, 
are  calcium  and  magnesium  carbonate  and  sulphate,  iron  carbonate, 
and  occasionally  iron  sulphate.  Carbonic  acid  gas  is  present  in  the 
carbonate  waters  to  hold  the  lime,  magnesia,  and  iron  oxide  in  solu- 
tion, and  sulphureted  hydrogen  is  occasionally  found.  These  and 
and  other  compounds  appear  in  the  chemical  and  sanitary  analysis 
given  in  the  preceding  pages.  They  will  each  be  discussed  briefly 
here  and  the  way  they  affect  the  quality  of  the  water  will  be  indicated. 

The  calcium  and  magnesium  carbonate  and  sulphate  render  the 
water  hard.  This  hardness  may  be  removed  by  boiling  or  by  heating 
almost  to  the  boiling  point  when  it  is  caused  by  the  carbonates,  and 
such  water  is  known  as  temporarily  hard.  If,  however,  the  hardness 
is  caused  by  the  sulphates  it  can  not  be  so  readily  overcome  and  the 
water  is  then  said  to  be  permanentl}'^  hard. 

When  soap  is  added  to  a  hard  water,  chemical  combination  occurs 
between  the  soap  and  the  carbonates  and  sulphates  and  no  soap  is 
available  for  making  a  lather  to  aid  in  washing  until  all  of  these  salts 
have  thus  entered  into  combination.  In  this  way  much  soap  is 
wasted  and  the  insoluble  compounds  formed  make  a  sticky,  gummy 
precipitate  that  is  disagreeable  and  highly  .objectionable.  Hard 
water  is  therefore  undesirable  for  washing  and  laundry  purposes. 

If  the  hardness  is  temporary — that  is,  due  to  carbonates — it  may 
be  removed  by  a  preliminary  boiling  of  the  water,  when  the  free 
carbonic  acid  which  holds  the  carbonate  in  solution  is  driven  off 
and  the  carbonate  is  precipitated.  If  the  hardness  is  permanent, 
or  due  to  sulphates,  it  can  be  removed  only  with  considerable  more 
difficulty  by  processes  which  are  described  in  the  discussion  of  boiler 
waters  (p.  157).  Most  of  the  hard  waters  of  the  region  are  '*  tempo- 
rarily hard." 

In  cooking,  hard  water  deposits  incrustations  on  the  inside  of 
vessels  in  which  it  is  boiled  and  also  deposits  lime  salts  on  the  vegeta- 
bles or  meats  and  tends  to  darken  vegetables  cooked  in  it.  For 
drinking,  however,  it  is  probably  not  objectionable  from  a  sanitary 
point  of  view,  though  it  may  impart  a  taste  to  the  water  not  entirely 
pleasant,  and  is  supposed  by  many  to  be-  harmful  in  rheumatic  and 
gouty  disorders.  In  certain  diseases  of  the  bowels,  kidneys,  and 
bladder  the  carbonate  of  calcium  is  probably  beneficial  and  the  car- 
bonate of  magnesium  is  even  more  valuable. 

There  is  comparatively  little  definite  information  as  to  the  efl'ect 
of  hard  water  when  used  for  stock.  In  some  places  a  good  propor- 
tion of  the  diseases  of  horses  is  attributed  to  their  drinking  hard 
water. 

Iron  carbonate  when  held  in  solution  in  water  by  an  excess  of 
carbonic  acid  is  precipitated  when  the  water  reaches  the  surface 
and  is  allowed  to  stand  for  some  hours,  thus  permitting  the  escape 
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of  the  carbonic  acid.  The  precipitated  iron  carbonate  decomposes 
and  an  iron  oxide  is  formed,  which  may  be  seen  as  a  red  or  yellow  slimy 
incrustation  in  the  vessel  holding  the  water  or  along  its  course  from 
a  spring.  Such  water  is  at  first  clear  and  sparkling.  On  standing, 
it  becomes  more  or  less  opalescent  or  milky  while  the  precipitation 
is  going  on  and  when  this  is  completed  it  is  once  more  clear,  but  is 
no  longer  chalybeate. 

Aside  from  the  lime  and  magnesia  salts  already  mentioned,  imn 
carbonate  is  the  most  widely  distributed  of  the  minerals  in  the 
waters  of  the  region.  Nearly  all  the  ^* mineral  springs"  of  the  region 
are  chalybeate.  For  cooking 'purposes  such  water  is  objectionable 
because  of  the  discoloration  caused  by  the  precipitated  iron. '  It  is 
even  more  objectionable  for  washing  white  clothes,  as  it  stains  them 
yellow  or  brown. 

Iron  is  an  ess.ential  ingredient  of  the  red  corpuscles  of  the  blood 
and  is  also  found  in  various  other  portions  of  the  body.  Chalybeate 
waters  are  valuable  for  drinking  in  cases  of  anemia  and  generally  in 
impoverished  conditions  of  the  blood  arising  from  any  cause. 

Sulphate  of  iron  is  found  in  some  of  the  waters,  esj)ecially^  in  those 
of  the  Porters  Creek  area.  Such  water  is  astringent  and  tonic,  but 
is  not  so  palatable  nor  so  generally  valuable  as  a  remedial  agent  as 
that  containing  carbonate  of  iron. 

In  the  carbonated  waters  free  carbonic-acid  gas  enables  the  water 
to  hold  in  solution  such  carbonates  as  may  be  present.  This  gas 
imparts  to  the  water  an  attractive  sparkle  and  is  an  aid  in  cases  of 
indigestion  and  stomach  disorders.  Sulphureted  hydrogen  is  present 
in  some  springs  and  wells  and  may  be  instantly  detected  by  the  odor 
as  of  rotten  eggs  which  characterizes  it.  Such  water  is  considered 
of  value  in  certain  kidney  and  bowel  troubles  arid  iu  rheumatism, 
gout,  and  skin  diseases. 

In  sanitary  analyses  judgment  as  to  the  healthfulness  of  any  given 
water  must  be  based  very  largely  on  a  knowledge  of  the  local  condi- 
tions or  surroundings,  and  the  analytical  findings  should  always  be 
interpreted  by  such  knowledge. 

USES  OF  THE  WATER- 

The  principal  uses  of  water  in  this  region  are  for  household  and 
laundry  purposes,  stock  watering,  and  steam  boilers,  but  it  is  also 
used  to  a  greater  or  less  extent  for  soap  making,  wool  washing, 
dyeing,  brewing,  and  distilling.  In  the  section  on  properties  of  the 
water  sufficient  reference  was  made  to  the  qualities  necessary  for 
household,  laundry,  and  stock  use.  The  qualities  of  water  which 
affect  its  use  for  the  remaining  purposes  mentioned  above  will  be 
briefly  described  here. 

The  most  important  industrial  use  of  water  in  the  region  is  for 
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Steam  boilers.  Numerous  steam  sawmills,  corn  and  flouring  mills, 
and  cotton  gins  are  scattered  over  the  region,  while  in  the  towns  and 
cities  steam  is  used  for  a  great  variety  of  power  purposes.  The  rail- 
ways use  large  quantities  in  their  locomotives  and  at  many  places 
have  sunk  their  own  deep  wells. 

Where  the  boiler  water  is  soft,  no  diiBSculty  arises  from  its  use, 
but  where  hard  a  deposit  known  as  scale ^forms  in  the  boiler.  The 
scale  formed  by  water  containing  calcium  or  magnesium  carbonate 
is  deposited  in  the  bottom  of  the  boiler,  usually  as  a  loose,  soft 
slush,  that  is  easily  removed  by  blowing  off  the  boilers.  If  the 
water  is  permanently  hard,  however,  the  scale  formed  by  the  cal- 
cium and  magnesium  sulphates  is  deposited  on  the  tubes  and  bottom 
of  the  boiler  as  a  hard  coating  that  is  difficult  to  remove,  and  because 
it  is  such  a  poor  conductor  of  heat  causes  a  much  larger  fuel  con- 
sumption for  the  same  steam  production.  It  is  calculated  that 
scale  one-fourth  inch  thick  requires  50  per  cent  increase  in  fuel  and 
scale  one-half  inch  thick  150  per  cent  increase. 

To  obviate  the  difficulties  arising  from  scale,  hard  water  may  be 
softened  by  treatment  before  or  after  being  introduced  into  the 
boiler.  If  temporarily  hard  water  is  raised  to  the  boiling  point 
before  being  used  for  feed  water,  the  carbonates  are  deposited. 
This  practice  is  followed  at  a  number  of  steam  plants  in  the  region. 
There  is  some  loss  of  heat  by  radiation  in  the  softening  tanks,  but  the 
net  cost  is  low,  as  the  softened  water  enters  the  boiler  at  almost  the 
boiling  point.  Permanently  hard  water  does  not  deposit  its  sul- 
phates at  boiling  temperature,  but  must  be  heated  in  a  closed  vessel 
to  a  temperature  of  150°  C.  or  over,  and  even  then  the  precipitation 
is  not  complete.  Such  water  may  be  softened  more  conveniently 
by  adding  sodium  carbonate,  when  a  chemical  interchange  takes 
place,  and  sodium,  sulphate  and  calciimi  carbonate  form  and  are 
precipitated  as  a  soft,  incoherent  deposit  that  may  be  easily  removed. 

Many  steam  plants  in  the  region  use  boiler  compounds,  certain 
quantities  of  which  are  introduced  into  the  boiler  at  stated  intervals. 
Such  compounds  when  intelligently  and  carefully  prepared  are 
efficient  and  satisfactory,  though  it  is  probable  that  in  most  cases 
they  cost  entirely  too  much.  It  may  be  said  that  3  cents  per  thou- 
sand gallons  is  a  fair  cost  for  softening  and  that  any  excess  above 
this  sum  is  so  much  money  wasted.  Aside  from  the  question  of 
cost,  however,  an  honestly  prepared  boiler  compound  has  many 
advantages  for  the  small  plant,  where  often  the  boiler  is  cared  for 
by  a  man  without  the  technical  knowledge  necessary  for  applying 
an  intelligent  treatment  to  the  water. 

Many  substances  are  recommended  for  the  treatment  of  water  in 
the  boiler.  Some  act  chemically,  while  others  are  mechanical  and 
designed  to  entangle  the  scale  or  mix  with  it  and  prevent  its  getting 
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hard  or  adhering  fimily.  Some  of  these  are  good,  others  may  dit 
neither  harm  nor  good,  while  still  others  at  the  temperature  and 
pressure  of  a  working  boiler  are  corrosive  and  injurious.  They 
include  such  substances  as  powdered  glass,  tan  bark,  coal  dusi . 
molasses,  sawdust,  chips  of  wood,  burnt  sugar,  ground  coffee,  log- 
wood, soda  ash,  caustic  soda,  table  salt,  and  many  others.  Any 
treatment  should  be  applied  only  with  a  full  knowledge  of  the  com- 
position of  the  water. 

In  soap  making  soft  water  is  highly  desirable,  because  calcium 
and  magnesium  salts  cause  a  loss  of  lye  by  their  union  with,  it  t»» 
form  insoluble  compounds  that  are  useless  for  cleansing  purposes. 

In  some  cases  farmers  in  the  region  wash  their  own  wool  clip,  an<i 
there  are  one  or  two  woolen  factories  that  also  wash  wool.  The 
water  for  such  use  should  be  soft.  Hard  water  makes  the  fiber  le>> 
pliable  and  in  the  finishing  stages  of  the  washing  a  deposit  of  lime 
salts  is  formed  that  clings  to  the  wool  and  interferes  with  dyeing. 

In  dyeing  as  pure  a  water  as  possible  should  be  used.  If  it  cin)- 
tains  organic  matter,  putrefaction  of  the  dye  extracts  used  may 
result.  Lime  is  objectionable  in  mordanting  and  aniline  dyes  di>- 
solve  poorly  in  water  containing  it.  Iron  is  also  harmful  in  dyeint: 
with  certain  colors  and  is  prohibitive  of  bleaching. 

The  quality  of  the  water  used  in  brewing  has  a  very  important 
influence  on  the  color,  taste,  and  other  qualities  of  the  beer  pn>- 
duced.  The  water  so  used  should  be  a  good  drinking  water  ami 
free  from  organic  matter.  Ammonia,  nitrates,  and  nitrites  an* 
objectionable.  Calcium  sulphate  improves  the  quality  of  tl  t- 
product,  and  if  deficient  is  added.  Sodium  chloride  in  small  quanti- 
ties is  not  objectionable,  but  in  larger  quantities  prevents  the  ger- 
mination of  the  malt.  While  a  little  iron  may  be  harmless,  it  make- 
the  product  darker  and  in  larger  quantities  interferes  with  nialtini: 
and  may  produce  an  objectionable  odor.  Calcium  and  magnesium 
carbonates  should  be  present  in  moderate  quantities,  especialh'  if 
calcium  sulphate  is  deficient.  They  tend  to  give  the  product  a  lightvr 
color  and  to  improve  its  taste  and  keeping  qualities.  Organic  matttT 
is  harmful  since  it  causes  putrefactive  fermentation  in  the  malt. 
Iron  compounds  retard  germination.  Calcium  chloride  checks  tht 
development  of  the  yeast  in  the  fermentation  of  beer,  while  calciui.: 
sulphate  promotes  it.  Much  the  same  is  true  of  the  qualities  desirabk- 
in  distilling. 

STATIC  LEVEL  OF  UNDERGROUND  WATER. 

The  elevation  to  wliich  underground  water  rises  in  a  number  «! 
the  more  important  plac*es  in  the  region  has  been  ascertained  will 
as  much  accuracy  as  possible.     In  a  few  cases  where  there  was  a:i 
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uncertainty  involving  only  a  few  feet  one  way  or  the  other,  this  is 
indicated  by  the  ±  sign.     Where  data  given  are  suspected  of  being 
entirely  wrong,  the  figure  is  followed  by  an  interrogation  mark. 
As  shown  on  the  sketch  map  (fig.  13),  these  elevations  are  fairly 
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Sketch  map  showing  hydrostatic  levels.    1,  Water  rises  between  200  htkI  .'iOO 
above  sea  level;  2,  between  300  and  400  fe«'t;  3,  between  400  and  ."jOO  feet. 


well  distributed  over  the  area  and  vary  in  a  rational  way,  in  view  of 
the  facts  that  the  outcrop  of  the  porous  beds  in  the  embayment 
area  across  Tennessee  and  Kentucky  is  to  the  east  and  that  water 
flowing  through  these  beds  encounters  friction  enough  to  cause  it  to 
rise  to  successively  less  and  less  height  as  it  goes  westward.     Water 
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also  enters  at  the  outcrop  across  the  north  end  of  the  area  in  Illinois 
and  flows  southward  with  a  similarly  decreased  gradient.  By  refer- 
ence to  the  map  an  approximation  may  be  had  of  the  height  to 
which  underground  water  would  rise  at  almost  any  place  in  the 
region.  The  following  list  gives  the  elevation  above  sea  level  tu 
which  deep  underground  water  rises  at  the  places  indicated : 

Elevation  to  which  underground  water  rises  in  embayment  area  cf  Tennessee,  Kentudcy^  and 

Illinois. 

Feet.  F«*t. 

Bardwen,Ky 356  McKonzio,  Tcnn 3.^0 

Benton,Ky 3o0  Martin,  Tenn 325 

Brownsville,  Tenn 288  Mayfield,  Ky 3>*):*i 

Cairo,Ill 324  Memphis,  Tcnn 225 

Collier\'illo,  Tenn 289  Milan.  Tenn 403< 

Covington,  Tenn 309  Morehous.',  Mo 31S 

Dyersburg,  Tenn 307 rt  Murray,  Ky .- 448 

Grand  Junction,  Tenn 428  Newbem,  Tenn 315 

Hickman,  Ky 323  Paris,  Tenn 400 

Hickory  Valley,  Tenn 421  Rives,  Tenn 300 

Humboldt,  Tenn 316  S.^lmer,  Tenn 430 

Huntington,  Tenn 420  Trenton,  Tenn 325rt: 

Jackson,  Tenn 435db  Union  City,  Tenn 312 

Lexington,  Tenn 400  Wickliffe,  Ky 322— 

MKTIIOBS  AXD  COST  OF  WEL.!.  DRILJ^ING. 

In  olden  times  open  dug  wells  were  the  only  kind  used,  and  in 
localities  where  underground  waters  are  near  the  surface  they  are 
still  common.  In  most  cases  the}'  are  3  or  4  feet  in  diameter. 
Where  the  material  is  very  firm  they  are  either  not  cased  or  the 
casing  is  sot  in  only  the  lower  part.  Where  the  material  is  soft  a 
casing,  usually  of  wood  and  square,  is  used  for  the  whole  depth. 
Occasionally  such  wells  are  walled  with  brick.  Where  20  to  40  feet 
deep  they  cost  on  the  average  from  40  to  50  cents  per  foot  to  dig  if  in 
soft  sand  or  loess.  If  the  material  is  clay  and  harder  the  cost  i.s 
somewhat  more. 

The  bored  well  was  next  introduced  in  the  region.  The  first 
one  was  j>ut  down  toward  the  middle  of  the  nineteenth  century  and 
they  soon  became  common  in  the  Selma  clay  and  other  areas  where 
it  was  necessary  to  go  to  considerable  depths,  such  as  200  feet  or 
more.  These  wells  were  usually  10  or  12  inches  in  diameter  and 
in  firm  clay  were  left  uncurbed  below  the  first  10  or  20  feet.  In 
softer  materials,  where  curbing  was  necessary,  a  square  or  octa^nal 
curbing  of  2-inch  plank  was  pushed  down  after  the  auger,  which 
was  essentially  like  a  wood  auger.  In  case  a  consolidated  layer  wa> 
struck  it  was  broken  to  pieces,  usually  by  a  crowbar  or  other  hea\y 
iron  let  drop  drill  fashion  upon  it.     Long  cylindrical  buckets  ^nth 
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valves  in  the  bottom  are  used  for  drawing  the  water.  In  many 
places  such  wells  are  put  down  to-day  and  prove  very  satisfactory. 
They  cost  15  to  30  cents  per  foot,  according  to  kind  of  material 
and  depth. 

Driven  wells  have  come  into  use  within  comparatively  recent 
years.  Where  the  depth  to  water  is  known  to  be  slight  a  2  or  3 
inch  piece  of  iron  pipe,  usually  galvanized,  is  shod  with  a  short 
strainer,  or  perforated  section,  pointed  sharp  at  the  end,  and  driven 
by  force  into  the  ground,  and  a  small  suction  or  pitcher  pump 
attached  to  the  upper  end.  Such  a  well  has  the  advantage  of  having 
a  tight  joint  between  the  earth  around  and  the  outside  of  the  pipe,  so 
that  surface  water  and  contamination  can  not  directly  enter  the  well 
by  trickling  down  the  sides  of  it.  Such  a  well  20  to  40  feet  deep 
will  cost  complete  considerably  less  than  a  dollar  per  foot.  Some- 
times such  wells  are  driven  deeper,  but  a  depth  is  soon  reached  be- 
yond which  it  is  not  practicable  to  drive  the  pipe,  as  it  telescopes. 

Where  greater  depth  is  necessary  than  can  readily  be  obtained  by 
driving,  the  pipe  is  '*  pumped  down,"  as  it  is  called.  An  outer  pipe 
is  sunk  into  the  ground  and  within  it  is  sunk  another  which  is  shod 
on  its  lower  end  with  a  small  chisel  or  cutting  edge  to  loosen  up  the 
material  and  which  has  a  current  of  water  forced  down  through  it 
to  wash  to  the  surface  the  earth  loosened  by  the  bit.  Such  wells 
are  in  many  cases  2  inches  in  diameter  and  100  to  200  feet  or  more 
in  depth.  A  well  of  this  size  usually  furnishes  an  adequate  supply 
for  all  household  purposes.  At  mills  of  any  kind  wells  3  to  4  inches 
in  diameter  are  often  used.  For  a  town  or  other  large  supply  the 
diameter  is  6,  8,  10,  or  12  inches  and  the  inner  pipe  is  kept  turning; 
this  mode  of  drilling  is  called  the  hydraulic  rotary  process.  In 
w^ork  in  quicksands  the  counter  pressure  of  the  column  of  water 
forced  down  from  the  surface  is  often  the  only  thing  that  prevents 
the  sand  from  rushing  up  inside  the  outer  pipe  and  settling  around 
the  tools  so  that  it  would  be  impossible  either  to  sink  farther  or 
pull  back  the  pipe  or  the  tools.  Such  work  requires  much  experi- 
ence and  care,  and  if  quicksands  are  encountered  the  tools  are  kept 
going  day  and  night  from  the  time  the  well  is  started  until  it  is 
finished,  to  prevent  the  loss  of  the  well  and  tools. 

If  hard  beds  are  encountered,  an  ordinary  hard-rock  deep-well  drill 
must  be  used,  and  the  hole  may  have  to  be  reamed  out  afterwards 
in  order  to  drive  the  casing  lower.  In  some  cases  where  hard  rock, 
such  as  the  Paleozoic  floor  beneath  the  embayment  deposits  was 
struck,  a  diamond  drill  has  been  used  to  deepen  the  well.  At  Cairo, 
111.,  and  elsewhere  in  that  vicinity,  however,  such  attempts  were 
unsuccessful  because  of  the  hard,  sharp-edged  chert,  or  *'Elco''  gravel, 
encountered.  This  chert  soon  tore  the  diamonds  from  their  setting 
or  cut  to  pieces  the  soft  iron  cuff  that  held  them  and  caused  their 
IRR  164—06 11 
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loss.     The  ordinary  chisel-shaped  deep-well  drill  was  substituted  and 
worked  without  trouble. 

Where  such  wells  are  drilled  the  outfit  of  the  driller  must  be  exten- 
sive and  must  include  a  standard-sized  deep-well  rig  or  derrick  and 
equipment  for  hard  rock,  sand,  clay,  and  quicksand.  It  is  work, 
too,  in  which  experience  and  good  judgment  are  necessary  in  decid- 
ing where  to  place  the  strainer  or  finish  the  well  in  order  to  get  a 
good  supply  of  water,  free  from  milkiness  or  clay,  and  from  sand 
that  will  slip  through  the  strainer  slots  to  cut  them  out,  clog  up  the 
well,  or  cut  out  valve  packing  and  piston  chambers.  Drilling  soft 
deposits,  such  as  characterize  this  region,  is  an  art  in  itself  and 
requires  experience  that  can  be  obtained  only  in  such  a  region.  No 
amount  of  drilling  in  hard  rocks  will  prepare  a  driller  for  successful 
work  in  soft  materials. 

The  cost  of  drilling  wells  of  this  type  varies  somewhat,  but  for 
wells  150  to  200  feet -deep  the  cost  per  foot  runs  about  as  follows: 
Two-inch,  $1 ;  3-inch,  $1 .50 ;  4-inch,  $2 ;  6-inch,  $3.50 ;  including  casing 
and  a  hand  pump  for  the  smaller  wells.  For  large,  deep  wells,  where 
a  more  elaborate  outfit  is  necessary,  the  cost  is  considerably  more, 
and  for  10-inch  wells  600  to  1,000  feet  deep  or  over  may  run  $7  tc 
$9  per  foot.  The  Memphis  wells  cost  complete  with  the  best  of 
materials  and  double  or  triple  casing  and  tunnel  connections  about 
$5,000  each,  while  private  wells  there  ranging  from  400  to  600  feet 
deep  can  be  bored  for  about  $8  per  foot.  There  is  one  record  of  a 
well  in  another  part  of  the  region  drilled  partly  8-inch  and  panly 
6-inch  and  about  600  feet  deep  for  $1,800,  but  this  is  exceptionally 
low  and  probably  the  figures  given  were  not  meant  to  include  the 
cost  of  the  casing. 
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Mason's  wells,  location  and  character  of . . .  122 

Massac,  Ky.,  water  resources  at 140 

Massac  County.  Ill.,embaymentdepo8it8  in.  146 

potter's  clay  in 28 

Massey,  Tenn.,  elevation  at 108 

water  resources  at 108 

Maury  City,  Tenn.,  water  resources  at '68 

Maxonmill,  Ky.,  water  resources  at 140 

Mayfield,  Ky.,  elevation  at 186 

ground-water  level  at 160 

rainfall  at , 12 

rocksat 37 

view  at , 126 

water  resources  at 186 

well  at,  record  of :  136 

Majrville,  Tenn.,  water  resources  at 108 

Meda,  Tenn.,  water  resources  at 119 

Medina,  Tenn.,  water  resources  at 74-75 

Memphis,  Tenn.,  artesian  hydraulic  surface 

at,  figure  showing 114 

death  rate  at,  decrease  of,  figure  show- 
ing   112 

elevation  at 108 

gravel  at 42 

ground-water  level  at 160 

loess  bluff  at,  view  of 44 

population  at,  increase  of,  figure  show- 
ing    109 

rainfall  at 12,13 

rocks  under  ....  22, 31-82, 33, 34, 46, 108-109, 113 

figure  showing 109 

section  from  Tennessee  River  to,  figure 

showing 51 


Memphis,  Tenn.,  water  resonioee  at lflB-115 

water  table  at,  figures  showing KB,  114 

wells  at 22-23,10b-IU 

record  of 114-135 

rocks  in 22, 31-32. 3S,  S4. 46 

sections  of,  plate  showing 104 

sectional  details  of.  figures  showing.      110 

water  of ,  analysis  of ill 

Menispermum  canadense,  occmrence  of...       38 

Mercer,  Tenn.,  elevation  at 99 

water  resources  at 99 

Metropolis,  111.,  water  resources  at  and  near.      15s2 

Michie,  Tenn  ,  water  resources  at li^ 

Middleburg,  Tenn. ,  water  resources  at 79 

Middlefork,  Tenn. ,  water  resonrces  at 89 

Middleton  formation,  correlation  of 32 

Mllfiin,  Tenn.,  water  resources  at 60 

Milan,  Tenn .,  ground- water  level  at 160 

rainfall  at 12 

water  resources  at 75 

Milbum,  Ky.,  water  resources  at 131 

Millington,  Tenn..  water  resonrces  at 115 

Mineral  water,  character  of 164-156 

springs    and    wells     of,    descriptions 

of 120-122,145-116 

Minnie k,  Tenn.,  water  resources  at luS 

Mississippi  River,  channel  of,  changes  in  . .       48 

drainage  to 64,64,72-75 

fiood  plain  of 4»>-e 

Mississippian  series,  occurrence  of 21-22 

Missouri,  rainfallin U 

Mixie,  Tenn.,  water  resources  at 58 

Montezuma,  Tenn. ,  water  resources  at 60 

Moorman,  Tenn.,  water  resources  at 72 

Morehouse,  Mo.,  deep  well  at 9 

ground-water  level  at 160 

Moriah,  Tenn. ,  water  resources  at liR 

Morris  Chapel,  Tenn.,  water  resources  at . .       51 

Moscow^  Ky.,  elevation  at IS? 

water  resources  at 13^ 

Moscow,  Tenn.,  water  resources  at 72 

Mound  City,  III. ,  water  resources  at 158 

wellsat,  recordsat 153 

rocks  in : XL 

Mountvista,  Tenn..  water  resources  at 91 

Mullins,  Tenn. ,  elevation  at 115 

water  resources  at 115 

Murray,  Ky.,  elevation  at 12? 

ground-water  level  at 160 

water  resources  at 12^129 

well  at,  record  of 123 

Muse,  Tenn.,  water  resources  at 5t 

Myrica  oopeana,  occurrence  of 3^ 

N. 

Neboville,  Tenn. ,  water  resonrces  at 75 

Neelys,  Tenn.,  elevation  at 9 

water  resources  at 99 

Newbem,  Tenn.,  elevation  at 67 

ground-water  level  at it»j 

section  at 67 

water  resources  at 67 

wells  at  and  near,  records  of 67,66 

Newcastle,  Tenn.,  wellsat 79 

New  Concord,  Ky.,  water  resources  at ii» 

New  Grand  Chain,  111.,  rocks  near n 
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New  Kent,  Tenn..  water  reaooicet  at 72 

New  Madrid  earthquake*  effect  of 19, 60 

Nick  Oombs  Spring,  Kentucky,  water  of . . .     146 
Nobles  (Benton  County),  Tenn.,  water  re- 

Bouroesat 58 

Noblee  (Henry  County),  Tenn.,  water  re- 

sourcesat 91 

Norwood,  Tenn.,  elevation  at 99 

water  resources  at 99 

O. 

Oakland,  Tenn.,  elevation  at 72 

water  resources  at 72 

Oakle vel,  Ky . ,  water  resources  at 145 

Oakton,  Ky.,  elevation  at 138 

water  resources  at 188 

Obion,  Tenn.,  elevation  at 108 

water  resources  at 108 

Obion  County,  Tenn. ,  description  of 101 

geology  of 102 

topography  of 101-102 

water  resources  of 102-104 

Obion  River,  drainage  to 58, 78, 86, 89, 137 

wellson,  record  of 69 

Ogden,  Ky.,  water  resources  at 124 

Ohio  River,  drainage  to 64 

tormer  course  of '. . .       20 

Orange  sand,  correlation  of 88,40 

Ore  Spring,  Tenn . ,  water  resources  at 119 

Osage,  Tenn.,  water  resources  at 91 

Oscar,  Ky.,  water  resources  at *. 124 

Owens  Hill,  Tenn.,  water  resources  at 91 

P. 

Paducah,  Ky.,  deep  well  at 9 

elevation  at 17,140 

rainfall  at ' 12 

rocks  at T...      189 

water  resources  at 14(^141 

wellsat,  record  of .' 141 

rocks  in 22,29,81 

Paleozoic  Ooor,  description  of 21-23 

dip  of 10-11 

outcrop  of 25 

Palma,  Ky.,  water  i^sources  at 145 

Paris,  Tenn.,  elevationat 91 

ground- water  level  at leo 

rocksat .' 87 

water  resources  at 91 

well  at,  water  of,  analysis  of 91 

Parsons,  Tenn.,  elevation  at 64 

section  at 24 

water  resources  at 64 

Paul,  Ky.,  water  resources  at 145 

Pearley,  Tenn.,  water  resources  at 115 

Peryear,  Tenn.,  water  resources  at 91 

Phelan,  Tenn. ,  water  resources  at 117 

Phoenix  Cotton  Oil  Co.,  well  of,  log  of 66-67 

Piney  Creek,  drainageof 68 

Pinson,  Tenn.,  mineral  water  near 122 

rocksat 37 

Pipkin,  Tenn.,  water  resources  at 89 

Pittsburg  Landing,  Tenn.,  section  at 25 

water  resourcesat 81 

Pleistocene  rocks,  description  of 43-47 

Pliocene  rocl^,  descriptions  of 40-48 
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Pocahontas,  Tenn.,  elevation  at 79 

water  resources  at 79 

Point  Pleasant,  Tenn.,  water  resources  at. .       64 

Polk,  Tenn.,  elevation 108 

water  resources  at 108 

Pond  C^reek,  oourseof 61 

Pope  County,  111.,  embayment  deposits  in . .     146 
Port  Hudson  clay,  correlation  and  resem- 

blancesof 49 

Porters  Creek  formation,  age  of 82 

character  of 80-31 

dip  of 31 

distribution  of 29-80,  passim  54-148 

erosion  In 17-18 

faulting  in 50 

fossils  in 30-81 

nomenclature  of 82-88 

occurrence  of 15 

outcrop  of 29 

position  of 10 

thickness  of 81 

topography  of 16 

water  of 54, 

59-60,77-78,90,97,100,127,154,156 

Post,  Tenn.,  water  resources  at 58 

Protocardia  lenls,  occurrence  of 82 

Pryor  Chalybeate  Spring,  Tenn.,  water  of. .      122 

Prj'orsburg,  Ky.,  elevation 137 

water  resources  at 187 

Pulaski  County,  111.,  embayment  deposits 

in -146 

potter's  clay  in 34 

Purdy,  Tenn.,  water  resources  at 101 


Quaternary  rocks,  descriptions  of 43-49 

Quercus  moorii,  occurrence  of 38 

nerifolia,  occurrence  of 88 

saflordi,  occurrence  of 38 

sp.,  occurrence  of 38 

Quito,  Tenn. ,  water  resources  at 117 

R. 

Ragland,  Ky.,  water  resources  at 141 

Ragsdale,  Ky.,  water  resources  at 187 

Rainfall,  disFwdtion  of 7-8 

distribution  of 12-18 

quantity  of 12-13 

figureshowlng 12 

Raleigh,  Tenn.,  springs  at,  water  of,  analy- 
sis of  122 

Ralstons  Station,  Tenn.,  elevation  at 119 

water  resources  at 119-120 

Ramsey,  Tenn . ,  water  resources  at 115 

Randolph,  Tenn.,  rocks  at 34 

Reagan,  Tenn. ,  water  resouices  at 89 

Recent  deposits,  description  of 47-49 

Reel  foot  Lake,  drainage  to 64,92 

faulting  near 60 

Rein,  Tenn. ,  water  resources  at 85 

Residual  ridge,  description  of 16 

Ridgeley,  Tenn.,  water  resources  at 92 

Rinda.  Tenn.,  water  resources  at 120 

Ripley,  Tenn.,  elevationat 96 

railway  cut  at,  section  in 43,44,45 

viewin 36 

water  resources  at  and  near 9G,  121 
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Ripley  formation,  chamcter  of 27-28 

dip  of 29 

distribution  of 27,62,68, 

69, 76,  86,  89-90, 100, 127, 140, 142, 147-148 

foasilsof 27,28 

occurrence  of 15 

outcrop  of 11, 13 

section  of 28-29 

thiclcneasof 29 

views  of 28 

waterin 9,13,62,54,59, 

77-78, 87, 90, 100, 127, 186, 140, 144, 153-154 

Rives.  Tenn.,  elevation  at 108 

ground- water  level  at 160 

water  resources  at 103-104 

well  at,  record  of 108 

Rocks,  descriptions  of 21-49 

Rogers  Springs,  Tenn. ,  water  resources  at . .       79 

Rollins,  water  resources  at 99 

Roasville, Tenn.,  elevation  at 72 

water  resources  at 72 

Round  Knob,  Ill.,r(K?k8of 41 

water  resources  at 158 

Ronton,  Tenn. ,  water  resources  at 92 

Rudolph,  Tenn. ,  water  resources  at 85 

Rutherford,  Tenn. ,  water  resources  at 75 

Ruthville,  Tenn.,  water  resources  at 120 


Silurian  limestoaea,  occurrence  of 21 

Skullbone,  Tenn.,  water  resources  at 7S 

Slater,  Ky..  water  resources  at 12> 

Sloan viUe,  Tenn. ,  water  resources  at 11^ 

Soap  making,  water  for 

Soapstone,  occurrence  of 

Somerville,  Tenn. ,  elevation  at 

water  resources  at 

Spellings,  Tenn.,  water  resources  at 

Spout  Spring,  Tenn.,  water  resources  at . 
Springcreek,  Tenn.,  water  resources  at. 


S. 


38 


Safford,  J.  M.,  fossils  described  by 

on  Porters  Creek  formation 32 

Safford,  Tenn.,  water  resources  at 89 

Salix  angusta,  occurrence  of 38 

sp.,  occurrence  of 38 

Samburg,  Tenn.,  water  resources  at 104 

Sands,  cementation  of 21, 27-28 

description  and  distribution  of 44 

erosion  of 17, 18 

Sandstone  dikes,  occurrence  of 80-31 

Sapindus  angustlfolius,  occurrence  of 38 

dubius,  occurrence  of 39 

sp.,  occurrence  of 88 

Saulsbury,  Tenn.,  elevation  at 79 

water  resources  at 79-80 

Savannah,  Tenn.,  rainfall  at 12, 13 

Scale,  Ky.,  water  resources  at 145 

Second  bottoms,  description  of 14, 49 

Sedalia,  Ky.,  mineral  water  at 146 

water  resources  at 137 

Selma  clay,  character  of 26 

dip  of 11 

diHtribution  of 26, 52, 54, 58-59, 80, 86, 99 

thickness  of 26 

water  in 52, 80-^1, 100, 154 

Selmer,  Tenn..  elevation  at 101 

ground-water  level  at 160 

water  resources  at 101 

wells  at,  record  of 1 01 

rocks  in 26 

Sharon,  Tenn.,  elevation  at 120 

water  resources  at 120 

Shelby  County,  Tenn.,  description  of 104 

geology  of 105 

mineral  waters  of 122 

topography  of 104-105 

water  resources  of iaT-115 
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I  Springhill,  Ky.,  water  resourees  at 1* 

Springs,  causeof >v,:3 

Springville,  Tenn.,  rainfall  at IJ 

Stanton  Depot,  Tenn.,  water  resioarces  at . . .  "v^ 

well  at,  record  of v» 

Stanton ville,  Tenn.,  water  resources  at 1  ?1 

Stella,  Ky.,  water  resources  at iSf 

Stream  cutting,  historyof 17 

Structure,  geologic,  description  of 'M),^l 

Stubblefield,  Ky.,  mineral  water  near U> 

Stubbe,  Ky.,  water  rewmrces  at 1> 

Sugar  Tree,  Tenn.,  water  resources  at M 

Sulphur  Springs,  Tenn.,  water  from 122 

Sweetlips,  Tenn.,  water  resources  at tx^-«l 

Symsonia,  Ky. ,  water  resources  at 137 

I  •  T. 

!  Tabernacle,  Tenn.,  water  resources  at 11* 

Tamms,  111.,  water  resources  at 15:^ 

I  Tams  Landihg,  Tenn.,  water  resources  at. .       9i: 

Tatumsville,  Ky.,  water  resources  at i4.> 

Taylor's  Chapel,  Tenn.,  water  resources  at.       7\i 

I  Tecoma  radicans,  occurrence  of 3!^ 

j  Templeton,  Tenn.,  water  resources  at »-n> 

Tennemo,  Tenn.,  water  resources  at 7u 

Tennessee,  embayment  area  of  Kentucky 

and,  description  of H-2ij 

embayment  area  of,  geology  of 21-.nfi. 

pasBim  51-11^ 

mineral  waters  of 120-122 

topography  of 14-20,  paaMm  51-11? 

I  water  resources  of,  by  counties 51-122 

I  rainfallin 12 

I  Tennessee  Ridge,  location  and  description 

I  of 15-lt. 

streamsof I.s-16 

Tennessee  River,  drainage  of 51, 53-54,  ?0 

section  to  Memphis  from,  figure  showing       K 

I  Terrell,  Tenn.,  water  resources  ai uu 

Tertiary  rocks,  descriptions  of js^-fe 

I  Thebes,  111.,  rocks  at 27 

Thurman,  Tenn.,  water  resources  at »4 

I  Tibbs.  Tenn.,  water  resources  at ^5 

I  Tlce,  Ky.,  water  resources  at i.T 

Tigertail,  Tenn.,  water  resources  at 7»j 

Tipton,  Tenn.,  elevation  at iiT 

I         water  resources  at HT 

Tipton  County,  Tenn.,  description  of iii 

geology  of 116 

mineral  waters  of iJi 

topography  of 115-116 

water  resources  of 116-117 

Tombigbee  sand,  correlation  of 23 

,  Toone,  Tenn.,  water  resources  at x^ 

)  Topography,  description  of > 14-21 
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Topo^rapby,  relations  of  water  table  to —  '  7-^ 
See  alao  particular  counties, 

Townes,  Tenn.,  water  resources  at 58 

Trenton,  Tenn. ,  elevation  at 75 

ground-water  level  at 160 

rainfallat 12 

water  resources  at 75-76 

Trimble,  Tenn. ,  water  resources  at 70 

Troy,  Tenn.,  water  resources  at 104 

U. 

Underground  water,  character  of 168-156 

conditions  of,  figures  showing 9 

dependency  of,  on  rainfall 8 

escape  of,  absence  of 13-14 

level  of 158-160 

flpure  showing 159 

reMourcejs  of 51-60 

sourt^cs  of 7-8 

uses  of 166-158 

Union  City,  Tenn.,  elevation  at 101 

ground-water  level  at 160 

water  resources  at 104 

Unity,  Tenn.,  mineral  springs  at 120 

water  resources  at 120 

Uplands,  description  of 20-21 

V. 

Valleys,  description  of 14, 47-49 

Vandyck,  Tenn.,  elevation  at 92 

water  resources  at 92 

Venericardia  alticostata.  occurrence  of 32 

VillaRldge,  111.,  rocks  of 41 

Viola,  Ky.,  water  resources  at 137 

Vultoncreek,  Ky.,  water  resources  at 187 

W. 

Wadesboro,  Ky.,  water  resourc^  at 129 

Walts,  Tenn.,  water  resources  at 117 

Warping,  location  of 18-19 

Water,  mineral,  character  of 153-156 

occurrences  of 120-122, 145-146 

water,    underground.      See  Underground 
water. 

Water-bearing  basins,  figure  showing 48 

Water-bearing  beds,  occurrence  and  char- 
acter of 9 

outcrop  of 11-12 

thinning  out  of,  figure  showing 9 

variation  in,  figure  showing 9 

Water  table,  character  of 7-8, 43 

character  of,  figure  showing 43 
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Water  Valley,  Ky. ,  elevation  at 187 

mineral  water  at 146 

water  resources  at 187 

Weakley  County,  Tenn.,  description  of ... .      117 

geology  of 118 

lignite  in 35 

mineral  waters  of 120 

topography  of 117-118 

water  resources  of 118-120 

Well  drilling,  cost  of 162 

methods  of 160-162 

Wells,  source  of  water  in 8,13 

water-bearing  basins  in.  figure  showing.       48 
Sec  also  particular  counties,  places,  etc. 

Wellwood,  Tenn.,  woter  resources  at 85 

Wetzel,  Ky.,  water  resources  at 129 

Whiiefeni,  Tenn.,  water  resources  at 89 

Whitehaven,  Tenn.,  elevation  at 115 

water  resources  at 115 

White  Oak  River,  drainage  of 58 

Whlteville,  Tenn.,  water  resources  at 80 

Wickliffe,  Ky.,  artesian  well  at,  view  of 126 

elevation  at 125 

fossils  from 34,37,88-39 

ground- water  level  at 160 

mineral  water  at 125, 146 

water  resources  at 125 

well  at,  view  of 9 

wells  at 9 

records  of 125,126 

rocks  in 22,29,31,40 

water  of,  analyses  of 125 

Wildersville,  Tenn.,  elevation  at 89 

rainfallat 12 

water  resources  at 89 

Wind,  disposition  of  soil  by 46-47 

figure  showing : 47 

Wolf  River,  drainage  to 70 

Woodland  Mills,  Tenn.,  water  resources  at.      104 

Woodville,  Ky.,  water  resources  at 141-142 

well  at,  record  of 142 

Wool  washing,  waterfor 158 

Wvlv,  Tenn.,  water  Resources  at 53 

I  York vlUe,  Tenn. ,  water  resources  at 76 

J  Yuma,  Tenn.,  elevation  at 68 

I         water  resources  at 58 

I  Yumyum,  Tenn.,  water  resources  at 72 


Zach,  Tenn.,  water  resources  at. 
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